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Abstract 

 
 
Sustainable transportation is vital since its impact traverses generations. The concept of sustainable 

transportation is known to account for incorporation of various elements including environmental, 

economic, social and institutional factors. The current study employed exploratory factor analytic 

technique using maximum likelihood factoring to identify critical indicators for assessing 

transportation infrastructure projects in South Africa.  Using purposive and snowball sampling, a 

questionnaire was distributed via email, google forms and by hand, to project managers, directors, 

construction managers, planners and feasibility study consultants involved in transportation projects at 

different stages, in the nine provinces of South Africa. Empirical data amassed from 132 responses, 

were analysed using SPSS version 25 software.s Descriptive analyses were used for preliminary 

analyses. Inferential statistics was conducted using exploratory factor analysis, to output common 

factors and the minimum number of variables that were related to each construct. Findings revealed 

that a four-factor structure including infrastructure condition and impacts, user acceptability, financial 

management and safety and security, can adequately measure transportation infrastructure project 

sustainability. By establishing critical indicators for assessing transportation projects, the study 

provides relevant evidence to develop strategies to ensure that such investments bring lasting and 

desirable impacts in the long run. The study was conducted in South Africa and may not be 

generalisable to other geographical regions, which may have differing priorities with regard to 

sustainable performance of transport infrastructure. Further studies are on-going to validate the four-

factor structure using confirmatory factor analytical techniques. 
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1. Introduction 

Transportation infrastructure and services are critical for socio-economic development as they enable 

the distribution of goods and services, facilitate access to jobs, markets, schools, and hospitals, and 

support communities and countries’ efforts (Ebinger and Vandycke, 2015). Insufficient or 
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underdeveloped transport infrastructure presents one of the biggest obstacles for economic growth and 

social development worldwide (Hagerman, 2012). According to the World Bank (2017), Africa’s 

infrastructure currently ranks below other developing regions, and closing the quality and quantity gap 

could increase growth of GDP per capita by 2.6% per year. When transport systems are deficient in 

terms of quality, capacity or reliability, they have an economic cost such as reduced or missed 

opportunities (Rodrigue and Notteboom, 2017). Therefore, sustainability of transportation 

infrastructure is critical in the development of an economy. A sustainable transportation system allows 

basic needs of individuals and societies to be met safely and in a manner consistent with human and 

ecosystem health, is affordable, operates efficiently, and offers choice of transport (Montgomery et al., 

2015; Litman, 2016). However, the performance of transport infrastructure is generally stymied all 

over the world, being characterized by inefficiency, poor service quality, poor road safety, capacity 

constraints, and maintenance problems and South Africa is no different (Economic Times, 2016; 

Writer 2016).  Infrastructure investments that are being made are often not sustainable (Bhattacharya 

et al., 2015). Failure to address sustainability risks has profound, long-lasting and potentially 

irreversible impacts on wellbeing, health and the economy (Bhattacharya et al., 2015). The choice to 

implement sustainable infrastructure, however, faces major obstructions for environmental 

sustainability (Rarasati and Iskandar, 2017). However, it is possible to plan infrastructure that 

manages any potential negative impacts while enhancing positive benefits and assuring investors, 

developers and policy makers of returns and expectations such as transparent procurement practices, 

risk-adjusted returns, availability of co-financing and risk-sharing, tenure, and so on. Thus, continuous 

research on transportation sustainbaility is relevant in order to deliver infrastructure for generations of 

users. 

A plethora of studies have been conducted on transport sustainability indicators. However, most of the 

indicators and frameworks identified either dwell on the three-dimensional aspects of social, 

economic and environmental, focus on one aspect of sustainbaility and/or entailed a literature review. 

For instance, Rarasati and Iskandar (2017) acknowledged the three stated aspects, but focused on 

factors affecting usage of transport. Likewise, Crescenzi et al. (2016) focused on economic return to 

transport investments and recently Okoro et al. (2017) conducted a literature review of performance 

indicators. The current study evaluates transportation sustainable performance criteria using primary 

data and robust statistical techniques to identify critical indicators for assessing transportation 

sustainable performance. The objective of the study was therefore to determine the underlying factor 

structures of sustainability indicators. Integrating the right sustainability aspects into planning 

(feasibility studies), development and financing of infrastructure projects is critical (Rarasati and 

Iskandar, 2017). The succeeding sections present an overview of transportation sustainability 

indicators, the methods used to conduct the study and presents the findings. In addition, conclusions 

are made based on the findings.  

2. Transport Infrastructure Sustainability Indicators 

The goal of sustainable transportation is to ensure that environment, social and economic 

considerations are factored into decisions affecting transportation activity (Litman, 2011). However, 

sustainbaility includes institutional and operational life, capacity or quality of infrastructure (Jeon et 

al., 2010; Stapledon, 2012).  

Sustainability assessment tools are standardised frameworks and rating systems, which focus on 

system characteristics and mainly environmental sustainability issues. Some of these sustainability 

and performance measurement systems include (Zavrl and Zeren, 2010; Stenström, 2014; Bueno et al., 

2015): 

• Civil Engineering Environmental Quality Assessment (CEEQUAL), Civil Engineering 

Environmental Quality Assessment (CEEQUAL); 

• Infrastructure rating and recognition system) (EnvisionTM ); 

• Leadership in Energy and Environmental Design (LEED);  

• Green Leadership in Transportation Environmental Sustainability rating program 

(GreenLITES) 
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• Illinois Livable and Sustainable Transportation (I-LAST); 

• Infrastructure Voluntary Evaluation Sustainability Tool (INVEST); and  

• Environmentally and Economically Sustainable Transportation-Infrastructure-Highways 

(BE2ST-In-HighwaysTM ) 

• European Foundation for Quality Management (EFQM) 

• Multi-criteria hierarchical framework 

• Integrated PM Systems, and so on.  

Nonetheless, sustainability indicators evidenced from the rating systems revealed mainly 

environmental preservation measures, with the exception of GreenLITES, which included community 

impacts, as well as INVEST, which included health and safety, efficiency, financial sustainability, 

infrastructure resilience, economic development and land use, multi-modial transport, accessibility, 

affordability, travel demand, and pollution. Moreover, they are usually biased towards either an 

environmental, or an economic assessment and therefore fail to fully address all components of 

sustainability holistically (Bueno et al., 2015). Thus, it is necessary to review and identify specific 

factors used to measure sustainability in related infrastructure sectors.  

The Asian Development Bank (AsDB), 2005) identified that traffic conditions, physical infrastructure 

conditions, benefits to road users, and institutional support reflect sustainability. On their part, 

Bhattacharya et al. (2015) captured that access and affordability to the poor as well as resilience of 

infrastructure are reflective of sustainable transport infrastructure. Litman (2011) opined that a 

sustainable transport system, while seeking to meet the needs of the present without compromising the 

ability of future generations to meet their own needs, should provide access to daily opportunities in a 

safe and consistent manner, be affordable, efficient and offer alternative modes. These measures were 

therefore used for the study.  

3. Methods 

The objective of the study was to determine the underlying factor structure for transportation 

sustainbaility indicators. To achieve this objective, a field questionnaire survey developed from an 

extensive literature review and pilot-tested. The questionnaire contained three sections. Section A 

sought information about the demography of the respondents. Section B contained questions about the 

project respondents were involved in; while section C comprised questions asking respondents to rate 

the extent to which they agreed or disagreed to statements regarding the performance of the projects 

they were involved in. A 5-point Likert scale questionnaire was used. The questionnaire was 

distributed to project managers, directors, construction managers, planners and feasibility study 

consultants involved in transportation projects at different stages, in the nine provinces of South 

Africa. Attached to the questionnaire was a covering letter and letter of introduction from the 

researcher’s supervisor and Head of Department, explaining the purpose of the study and assuring 

respondents of the use of the data for research purposes. Using purposive and snowball sampling, the 

questionnaire was distributed via email, google forms and by hand, to the respondents. A total of 132 

questionnaires were returned completed and used for analysis. Data analysis was conducted using the 

Statistical Package for Social Sciences, to output descriptive and inferential statistics. Descriptive 

statistics outputs included mean, median, standard deviation and inter-quartile range scores. 

Inferential statistics included exploratory factor analysis to determine the variance explained or 

contribution made by each variable to the model, using maximum likelihood factoring. Preliminary 

analyses were conducted to assess normality, multi-collinearity, and factorability of the data. The data 

was slightly negatively skewed as revealed by the Kolmogorov-Smirnov test for normality. However, 

the outliers were not removed because the 5% trimmed mean test (score= 100.15) did not reveal large 

difference from the mean score (100.28) (Pallant, 2013). 
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4. Results 

4.1 Profile of respondents 

The respondents were made up of 69% public and 31% private entity professionals. These comprised 

of professionals from the Department of Public Works comprised 22% of the sample; consulting 

companies, 21% and Municipality, 15%. Two percent of the respondents was from the Department of 

Transport and private lending companies, respectively, while 1% was made up of respondents from 

commercial bank. The “other” respondents made up 35% of the sample. These included respondents 

in SANRAL (6%), Universities (6), Construction organisations (5%), as well as utility, Transnet, 

Department of Enterprise, National Treasury, GMA, and Government technical advisory centre which 

made up 2% of the sample respectively.  

With regard to position in organisation, there were varied responses with directors/deputy director and 

heads of departments forming the majority (25%) of the responses. Project managers made up 15%. 

Engineers and safety officers made up 12% and 10% of the population, respectively. Other positions 

indicated were executive/deputy managers (8%), development managers/ agents (6%), feasibility 

study consultants (4%), planners (4%), quantity surveyors (4%), lecturer, senior lecturer and associate 

professor (3%), and technical assistants on project (2%). Further, construction managers, site agents, 

researchers, financial managers, technical advisors, community development specialists and estimator 

and laboratory manager (concrete & earthworks) made up 1% of the sample, respectively. The variety 

of respondents helped to enhance generalisability. 

With regard to the type of project, the profile of the projects also show a representative sample, 

having projects of different characteristics. From Table 4.8, it can be seen that road projects 

comprised 74% of the sample; rail consisted of 12%; bridge 8%; airport 3% and tunnel comprised 2% 

of the sampled projects. This indicated that a representative population was obtained, with the 

respondents having been involved in the different projects. 

 

4.2 Exploratory factor analysis results 
 

Prior to the EFA, the factorability of the data was determined to be acceptable based on the KMO 

measure of sampling adequacy, the Bartlett’s test of Spericity, and the anti-image correlation matrix.  

The Kaiser-Meyer-Olkin (KMO) value for the measure of sampling adequacy was 0.854, exceeding 

the recommended value of 0.6, and the Bartlett’s test of sphericity reached statistical significance at p 

= .000 (χ2 (378) = 2903.576), suggesting that factor analysis could be performed. The anti-image 

correlation matrix had diagonals all above 0.5, ranging from 0.735 to 0.926, and thus indicating 

suitability of the data set for factor analysis.  

Extraction of the twenty-eight factors revealed six factors with eigen values above 1 (Table 1). The 

eigen values for the six factors contributed 41.58%, 8.62%, 6.60%, 5.98%, 5.11% and 4.22%, 

accounting for a total of 72.10% of the variance in the data set. Inspection of the scree plot was also 

suggestive of a six-factor structure for this sub-scale. An examination of the extraction communality 

estimates, however, showed that ST5 (0.336) and SQ3 (0.358) were weak and could be removed, 

since they were observed to have little influence (variance in the data set). 
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Table 1: Variance explained – Project sustainability elements 

Factor Initial Eigenvalues 

Total % of Variance Cumulative % 

1 11.642 41.577 41.577 

2 2.413 8.619 50.196 

3 1.848 6.599 56.795 

4 1.673 5.975 62.771 

5 1.430 5.107 67.878 

6 1.181 4.218 72.096 

 Extraction Method: Maximum Likelihood. 

The rotation of the six-retained factors showed that some of the items loaded strongly on the six 

common factors, with loadings greater than 0.4, while others did not (ST5 and SQ3), supporting the 

results of the communality extraction values. Further, some of the factors cross-loaded on two or more 

factors, with a value higher than 0.3 and a decision was made to delete them iteratively. The rotation 

was undertaken after each deletion, until the four-factor structure (thirteenth run) in Table 2, which 

had no cross-loadings and all loadings above 0.4 was obtained.  

 

Table 2: Factor loading matrix of project sustainable performance measures (final run) 

S/No. Label Measures Factor 

1 2 3 4 

1 CI1 The infrastructure is in good condition .860    

2 CI4 Infrastructure in its present condition is able to withstand 

common adverse weather 

.844    

3 SS1 Signage for safety is adequate .753    

4 SE7 Infrastructure is accessible by all including the disabled and 

elderly 

.716    

5 SE6 New business ventures have developed after the infrastructure 

was built 

.668    

6 CI2 There are no complaints about the cleanliness of the 

infrastructure 

.546    

7 ST1 The needs of the stakeholders are satisfied .462    

8 SE3 There are no complaints about inconvenience during travel  1.007   

9 SE1 There are no complaints about travel times  .927   

10 SE2 There are no complaints about user discomfort during travel  .898   

11 FI1 Capital invested has been recovered   .914  

12 ST2 Users are satisfied with pricing charges   .683  

13 FI3 There are no complaints from investors about revenue   .564  

14 ST4 The actors are able to work in collaboration with other 

stakeholders 

  .475  

15 SS4 Security cameras are in place    .887 

16 SS3 Security officers are visible    .751 

Extraction Method: Maximum Likelihood.  

Rotation Method: Promax with Kaiser Normalization 
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4.4 Validity and reliability 

Through rigorous expert reviews and statistician consultant, the pilot-tested questionnaire was revised 

to ensure that there were no ambiguous questions or repetitions. This enhanced content validity of the 

scale. Internal consistency reliability of the scale before and after EFA, was tested using the 

Cronbach’s alpha. Results before the EFA (0.95; N=28) and after the EFA (0.92; N=16), indicated 

good internal consistency of the construct. 

The results of the EFA revealed that project sustainability can be adequately explained by a 4-factor 

solution, as the criterion of eigenvalues ≥ 1, scree plot, and the final rotations, respectively. Therefore, 

all items met the criteria for retention with primary loadings on a single factor, discriminant validity 

was achieved. The scale was therefore considered reliable and representative of what was to be 

measured. Cronbach’s alpha values of above 0.7 indicate acceptable internal consistency reliability 

(Pallant, 2013).  

5 Discussion 

The findings revealed that the first factor were related to the physical infrastructure as well as the 

impacts associated with its existence and it was thus named infrastructure condition and impacts. The 

second common factor had to do with complaints from users and was thus named user acceptability. 

The third factor grouped items which related to financial concerns of stakeholders and as such, it was 

denoted as financial management factors, while the fourth was termed safety and security as was 

initially theorised. The findings were slightly consistent with views expressed in ADB (2005), which 

indicated that sustainbaility concerns were related to the existing conditions with regard to traffic and 

physical state and capacity of the infrastructure facilities, as well as benefits to road users.  

Although the factor structure did not emerge as initially theorised (as a six-factor structure), the 

findings lend support to studies which emphasized how critical these factors were in infrastructure 

sustainability. Infrastructure condition (Ramani et al., 2009; Fay and Toman, 2010); as well as safety 

and security have been the main subject of discourse in extant studies (Quium, 2014).  

Similarly, the importance of user acceptability as a key component of project sustainability was 

accentuated by the GCR (2016) and in the study by Valentin et al (2013), where the level of 

acceptability and/or opposition and complaints was reflected in the development of an educational 

facility and nuclear power plant, respectively. The finding that institutional factors did not emerge 

strongly was, however, surprising, since coordination and support among stakeholders in the delivery 

of infrastructure were critical (Jeon et al., 2010; Toth-Szabo and Várhelyi, 2012; Quium, 2014).  

6 Conclusions 

The objective of the study was to explore underlying structure of transportation project sustainability 

measures. Project sustainability was found to be measured by four common factors, which were name 

accordingly, based on the items which loaded on each common factor. These included infrastructure 

conditions and impacts, user acceptability, financial management factors and safety and security. The 

convergent and discriminant validity of the construct was achieved by the item loading separately and 

strongly, respectively on at least one factor. The reliability of the construct was also determined by the 

Cronbach’s alpha coefficient. The model which emerged after thirteen repeated runs, was therefore 

considered to be acceptable, valid and representative of project sustainbaility measures.  

The findings of this study add to the body of knowledge and provides evidence which could assist 

transportation infrastructure stakeholders in assessing their investments and developing strategies to 

ensure that benefits from such investment last throughout the desired project life span. Further studies 
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are on-going to validate the EFA results using confirmatory factor analytic techniques. In addition, 

future studies could include a larger sample to determine if different results would be obtained.  
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