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Abstract— A large number of Critical Success Factors (CSF’s) 

exist that play a major role in influencing the success of 

construction projects. However, their influence on project 

success at each phase of the project life cycle has received little 

attention. Therefore, the purpose of this study was to evaluate 

and prioritize the CSF at each phase of construction projects in 

Kenya. The practice in the Kenyan construction industry has 

been to evaluate project success based purely on the Time, 

Quality and Cost (TQC) criterion leading to incomplete and 

misleading assessments. This study discovered other evaluation 

criteria that are inherent in the Kenyan construction industry 

that included the organizational benefits, user benefits, project 

team members’ benefits, the Iron-Diamond, and the social 

benefits success criteria. The results showed that human related 

factors and external environmental factors were the most 

dominant CSFs while the project management actions was the 

least dominant CSF during conceptualization, planning, and 

execution phases but the dominance was reversed during the 

termination phase. 
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I. INTRODUCTION 

uccess of projects is of great importance to the project 

sponsors, project managers and to other project 

stakeholders. As more and more organizations, come to the 

realization that strategic objectives at the corporate level are 

best achieved through projects, the search for the factors that 

lead to successful project delivery and outcomes have become 

an appealing area of study to the project management research 

community. This is evident from the large number of 

published research articles in this area. Most studies in the 

project management literature have focused on project success 

and failure (e.g. Pinto & Slevin, 1988; Belassi & Tukel, 1996; 

Cooke-Davies, 2002; Westerveld, 2003; Fortune & White, 

2006). However, the concept of project success has remained 

a subject of conjecture without any agreement being reached 

by various project stakeholders (Wateridge, 1998; Baccarini, 

1999; Hyvari, 2006; Koutsikouri, Dainty & Austin, 2006). 

Another challenge to the project management community has 

been the question of which criterion to use for evaluating 

project success. From the early 1960s to the beginning of the 

new millennium, the Time, Quality, and Cost (TQC) criterion, 

usually referred to as the ‗Iron-Triangle‘ after Atkinson 

(1999), was the criterion of choice by which project success 

was evaluated. The performance of the project managers were 

also evaluated on their ability to deliver projects on time, 

within budget, and to the specified quality standards. 

However, a large number of projects despite having been 

delivered on time, within budget and to quality specifications 

continued to disappoint stakeholders (Cooke-Davies, 2002; 

O‘Connor & Reinsborough, 1992). Both research and practice 

are steadily moving away from the simplistic definition of 

project success, in terms of the TQC criterion, to a multi-

dimensional definition involving both objective and subjective 

measures in order to accommodate stakeholders‘ interests 

(Chan, et al., 2004; Ngacho & Das, 2013; Williams, 2015). It 

is not enough to deliver a project on schedule, within budget 

and quality specifications and then declare it as successful. 

Other considerations are required. For instance, consideration 

of whether the project is meeting its intended objectives, 

whether it is delivering the intended benefits to the 

organization, whether the users are satisfied with the project, 

the social benefits that the project delivers, and whether the 

project is sustainable are important. There is need for the 

project to evaluate on these criteria before being declared 

successful.  

The formal practice in the Kenyan construction industry has 

been to evaluate project success based only on the TQC 

criterion (Mohammed, 2017; Karwitha, 2017; Oyaya, 2017; 

Omondi, 2017; Somba, 2015; Mulu, 2016; Muchelule, 2018; 

Ogero, 2014) leading to incomplete and misleading 

assessments. For example, the oil pipeline from Mombasa to 

Nairobi was initially opposed as a waste of time and money. 

The argument at the time of construction was that the pipeline 

money should instead fund the supply of water to Ukambanito 

fight hunger. As years progressed, the benefits of the oil 

pipeline became quite evident; the oil pipeline initially 450km 

long now stands at about 1,230km long. In recent times, 

similar arguments have been made against the standard gauge 

railway project. Therefore, there is need for a paradigm shift 

from the way project success is currently evaluated in Kenya 

to a multidimensional approach that embraces other success 

criteria in order to provide better projects that satisfy the 

stakeholders and enhance the knowledge quotient of the 

construction projects‘ stakeholders. 

S 
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Many critical success factors (CSFs) come into play, 

especially in construction projects, that influence the success 

or failure of projects. These factors interact with one another 

in complex ways and have inter-dependencies among 

themselves (Koutsikouri et al. 2006; Salleh, 2009; Mbaabu, 

2012; Munano, 2012; Atencio, 2013; Gudiene et al. 2013; 

Kahura, 2013; Mokua, 2014) which make it difficult for the 

project managers to isolate those few factors that have the 

greatest impact on project success. Furthermore, different 

factors have different effects on project success at each of the 

four phases of the project life cycle. No study was found that 

prioritizes the CSF‘s at each of the four phases of the lifecycle 

of the construction projects in Kenya. This study attempted to 

fill that gap by suggesting the key CSFs that the project 

stakeholders should focus on at each phase of the Kenyan 

construction projects.  The researcher is hopeful that project 

stakeholders in the Kenyan construction industry will 

increasingly deliver more successful projects if they focused 

on the suggested CSFs at each phase of the project life cycle. 

II. LITERATURE REVIEW 

Since the 1960's, project management researchers have been 

busy trying to discover the factors that are critical to project 

success (Fortune and White, 2006; Gemunden, 2015; 

Williams, 2015; Serrador & Turner, 2015; Kerzner, 2017; 

Frefer, et al., 2018). Atencio (2013) has given a 

comprehensive account of the development and the usage of 

the CSFs between 1960 and the 21st century. The thinking 

within the project management community was that if they 

could identify, explain, and then package those factors that 

were critical to the success of projects as a prescription, then 

project managers would have a ready tool at their disposal 

with which to deliver successful projects. In an attempt to 

assist project managers  to deliver successful projects, earlier 

work focused on generating lists of CSFs that the project 

manager would refer to in the normal course of project 

delivery. A plethora of these lists were in existent in the 

1980‘s but rather than assist the project managers do their 

work more efficiently and successfully they ended up bringing 

more confusion to the profession (Belassi and Tukel, 1996; 

Hyvari, 2006). This led to the development of several lists of 

CSFs. Over the years, project management researchers have 

built a vast amount of literature on CSFs for project success 

and it continues to grow. For instance, a ten CSFs model that 

formed the basis of the project success diagnostic tools called 

the Project Implementation Profile (PIP) were added to the 

existing literature in Slevin & Pinto (1986). These CSFs are 

project mission; top management support; project 

schedule/plan; client consultation; personnel recruitment, 

selection, and training; technical tasks; client acceptance (of 

the final product); communication; and troubleshooting. 

Balessi and Tukel (1996) identified seven lists of CSFs that 

were in existence in the project management literature.  

Bounds (1998), Clarke (1999), Morris (1988), Kendra and 

Taplin (2004) and Pinto and Slevin (1988) are some of the 

other authors who came up with different lists of CSs for 

project success. Other CSF‘s that have been added to the 

literature include user satisfaction, safety, technology, 

environmental concerns, aesthetics, project manager‘s 

characteristics, client characteristics, and project 

characteristics.  These lists of CSFs have received criticism 

that they apply to the specific projects and locations where the 

research were carried out and could not be generalized to 

other similar projects in other locations or under different 

contexts (Cooke-Davies, 2002; Westerveld, 2003; Fortune & 

White, 2006). Without a comprehensive list of CSF‘s, the 

project managers could not effectively assess and evaluate the 

success of projects. 

In order to address the limitations of the lists of CSF‘s,several 

attempts have been made to develop frameworks of CSF‘s for 

project success. Belassi & Tukel (1996), Westerveld (2003), 

and Fortune & White (2006) are of the view that to use CSFs 

systematically, a framework around the CSFs should be used 

in studying them. Key contributions in this area of inquiry 

include the seminal work by Pinto and Slevin (1986) where 

several tools and concepts that a project manager could use to 

deliver successful projects were developed. A framework that 

included ten empirically derived critical success factors, a 

diagnostic instrument, called the Project Implementation 

Profile (PIP) for measuring the ten factors, a ten factors model 

for the project implementation process, and measures of the 

key elements of project strategy and tactics were developed. It 

aimed at establishing the effect of strategy and tactics on the 

project implementation success and the impact of the project 

life cycle on the relative importance of the CSF‘s. They not 

only used the criteria of Time, Cost, and Quality as the 

determinants of project success but also included client 

satisfaction as an essential criterion on which project success 

should be judged. The ten CSF‘s that they identified were the 

Project Mission; Top Management Support; Project 

Schedule/Plan; Client Consultation; Personnel Recruitment, 

Selection, and Training; Technical Tasks; Client Acceptance 

(of the final product); Communication; and Troubleshooting. 

Westerveld (2003) developed the Project Excellence Model 

that linked the CSF‘s with the success criteria. The model was 

developed using studies on both CSF‘s and success criteria 

and borrowed from the European Foundation of Quality 

Management (EFQM) model. It consists of 12 areas in which 

six areas covered CSF‘s and the other six factors covered the 

project success criteria. The success criteria used in this model 

are appreciation by the following: client; project team; users; 

contracting partners; stakeholders; and the Iron Triangle. The 

CSFs considered were leadership and team; policy and 

strategy; stakeholder management; resources; contracting; and 

project management i.e. project control.  They classified the 

Iron Triangle and the project management assets such as 

schedule, budget, organization, information, risk, and quality 

that usually influence project efficiency as the narrow view 

while the other factors that usually influence project 

effectiveness were classified as the broad view. The project 

excellence model was based on the assumption that in order to 
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manage a project successfully the project organization has to 

focus on key result areas (project success criteria) and critical 

organizational areas (CSF‘s). Further, in order to be 

successful the organizational areas must fit with the result 

areas and the external factors of the project both of which vary 

greatly with project type. Due to the variability of the project 

goals (result areas) and the external factors, five different 

project types were developed as templates to help project 

managers decide on the necessary project organization for 

their particular project. These project types are product 

oriented, tool oriented, system oriented, strategy oriented and 

total project management. According to Westerveld (2003), 

the five project types do not represent a ―good‖ or ―excellent‖ 

scale but the choice of the most adequate project type to use 

should be based on the desired project goals and the external 

factors affecting the project. Thence the model can be used for 

setting up, managing, assessing and evaluating a project. 

Project organization for implementing a new ERP system for 

a mid-sized company was analyzed using the Project 

Excellence Model. It involved the corporation of the users, 

management, project personnel, project manager, and 

contracting partners. The findings were that the functioning of 

the project organization could be improved on the areas of 

policy and strategy and stakeholder management. Policy and 

strategy were found to be inflexible with respect to adapting 

the project goals. It was also found that a risk existed in that 

the opportunities the new system offered were not fully 

realized.  Further, it was found out that the project goals did 

not sufficiently match the overall strategy of the company 

(Westerveld, 2003). 

Fortune & white (2006) developed the Formal System Model 

(FMS). The FMS comprises the decision-making, the 

performance monitoring, and the set of subsystems and 

components that carry out transformations by converting 

inputs into outputs are at the heart of the FMS. It is contained 

within a wider system that provides resources etc. It also 

interacts with its external environment. They grouped the 

CSFs into nine components namely Goals and objective; 

Performance monitoring; Decision maker(s); 

Transformations; Communication; Environment; Boundaries; 

Resources; and Continuity. They argued that by categorizing 

the CSFs into these nine components, removed the overlaps 

that existed between the various sets of CSFs that were 

available in literature. They also opined that the FSM had the 

advantage of being dynamic and was therefore able to 

consider the relationships between factors that other models 

could not do. In order to test the model, they compared two 

projects; one successful and one that was not successful. They 

gathered the data of the two projects using structured and 

semi-structured interviews when the two projects were on 

going before their levels of success could be determined. The 

two projects were similar in terms of size and scope. They 

found out that one of the two projects was largely successful 

along the whole range of measures used to measure project 

success. However, they did not indicate which project success 

measures were used in the study nor give a detailed account of 

the comparison of these two projects on these measures of 

project success. 

In construction projects management, Chan et al. (2004) 

sorted the CSFs into five main categories that they termed: 

Human related factors; Project factors; Project procedures; 

Project management actions; and External environment. They 

arrived at these factors following a comprehensive literature 

review of CSFs in seven major international journals that had 

the highest scores in the quality rankings. They 

conceptualized these factors as having dependencies and 

feedback forming a complex configuration of factors involved 

in complex causal interactions where variables in each group 

are interrelated with each other and intra-related with 

variables from other groups. They hypothesized project 

success as a function of human related factors, project related 

factors, project procedures, project management actions, and 

external environment. They also hypothesized that the project 

would be executed more successfully if the project complexity 

is low,  is of a shorter duration, the overall managerial actions 

are effective, the project is funded by a private and 

experienced client, the client is competent on preparing 

project brief and making decision, the project team leaders are 

competent and experienced, and the project is executed in a 

stable environment with developed technology together with 

an appropriate organization structure. Though they did not 

proceed to test or validate their model, they recommended that 

further study to identify the Key Performance Indicators 

(KPIs), or success criteria, be carried out so that the causal 

relationships between CSFs and KPIs can be identified.  

2.2 Conceptual Framework 

It is theorized that the project life cycle of construction 

projects in Kenya consists of four independent phases. These 

are the conceptualization, planning, execution, and the 

termination phases similar to those identified in Pinto &Slevin 

(1987).The success criteria used to judge the success of 

construction projects were hypothesized to be grouped 

intofive independent dimensions as shown in Table 1. 

Table 1: Success criterion and their attribute enablers 

Success 

Criterion 

(Dimensions)  

Attribute Enablers (manifest variables) 

Iron Diamond  Project delivered on schedule (Time).                              

(TQCS) 

 Project delivered to specifications 

(Quality).                   

  

 Project delivered within budget (Cost).   

 Projects delivered safely (Safety).                        

Project Team‘s 

Benefits 

 Projects without legal claims. 

 Aesthetically pleasing construction 
projects. 

 Profits goals of consultants and contractors 

met.            

  Organizational 

Benefits 

 Flexible project with room for expansion.                         

 Good Return on Investment (ROI).                             

  Projects with minimum maintenance costs.                                                   

 
 Marketable products. 
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User Benefits  Projects in which users are satisfied. 

 

 Projects functioning as intended. 

 Low cost of maintenance. 

Social Benefits 

 Projects with minimum negative impact on 

the environment. 

 Socially acceptable projects. 

The success criteria variable measures were obtained by 

taking the arithmetic mean of their respective attribute 

enablers. In addition, the project success variable measure was 

obtained by taking the arithmetic mean of Iron Diamond, 

project team‘s benefits, organizational benefits, user benefits, 

and social benefits measures. Four construction projects 

stakeholder groups considered important in this study were 

the project sponsors, consultants, contractors, and project 

managers 

The CSFs were grouped into the five categories. These are the 

Human related factors, Project related factors, Project 

procedures, Project management actions, and External 

environment as categorized in Chan et al. (2004). The project 

manager should choose and prioritize at each of the four 

phases of a construction project from these alternatives. The 

measures for the human related factors were obtained by 

taking the arithmetic mean of the project manager related 

factors, the client related factors, and the top management 

support. Similarly, the measures for the project related factors, 

project procedures, project management actions, and external 

environment were obtained from the arithmetic means of their 

respective attribute enablers.      

2.2.1: Human Related Factors 

The human related factors, just as discussed in Chan et al. 

(2004), relate to the project manager and the project team, 

project client (management), consultants, contractors, sub-

contractors, suppliers, and the manufacturers. It did not 

include other project stakeholders such as government 

agencies, the public, and the users of these projects. Although 

it is well known that all project stakeholders can influence 

project success in different ways, this study adapted the 

definition of human related factors as used in Chan et al. 

(2004) but omitted the influence of supplies and 

manufacturers on project success as they we viewed as being 

external to the project. In this study, the human related factors 

were divided into three clusters of project manager related, 

client related, and the top management support.  

2.2.2: Project related factors 

The type of project (i.e. road, building, energy, water etc.), the 

nature of the project (i.e. public, private, PPP), project size 

(i.e. monetary value involved), and complexity of the project 

are the attributes that were used to operationalize this CSF. It 

was hypothesized that the combined effect of these manifest 

variables had a significant influence on project success. 

2.2.3: Project procedures 

Chan et al. (2004), classified project procedures into two 

groups of tendering and procurement processes. The 

researcher adopted these two attribute enablers and added the 

approval processes as an important attribute enabler as it was 

hypothesized that the speed of approval of the various project 

documents had an effect on project success. There are many 

steps involved when seeking approvals of construction 

projects in Kenya. The main steps occur in the following 

order: survey plans, architectural drawings, structural 

drawings, environment impact assessment, NCA registration, 

work-place registration, certificate of compliance of installed 

equipment, Kenya Bureau of Standards (KEBS) certification, 

and occupation health and safety certificate. Wamuyu (2017) 

found out that it took 430 days to complete the building 

approval process in Kenya against the cumulative 169 days 

estimated from the performance charters of all the approving 

authorities combined. This represents only 39.3% of the time 

recorded in the service delivery charters of the approving 

authorities. Therefore, over 60% of the targeted approval time 

is lost, negatively influencing project success.  

2.2.4: Project management actions 

These factors fall within the scope of influence of the project 

manager. Communication systems, control mechanisms, 

feedback mechanisms, implementation of a quality assurance 

program, implementation of a safety program, organizational 

structure, and amount of planning effort put into the planning 

process. These attribute enablers were used to operationalize 

the project management actions.  It is hypothesized that the 

combined effect of the project management actions attribute 

enablers have a significant influence on project success.  

2.2.5: External environment 

The attribute enablers used to measure this factor were the 

political, economic, social, technological, legal, and 

environmental factors. These factors are external to the project 

and are outside the control of the project manager and other 

project stakeholders. The combined effect of these factors was 

hypothesized to have a significant influence on project 

success. In particular, the supervision of construction work by 

the responsible authorities was found to have a negative effect 

on project success. 

III. METHODOLOGY 

3.1 Sample size 

The sampling units comprised of the project sponsors, 

contractors, project managers, architects, quantity surveyors, 

mechanical engineers, electrical engineers, and civil 

engineers. Table 2 shows the actual number of individuals in 

the various accessible populations and their respective sample 

sizes and percentages.       

Table 2: Sample sizes for each population 

Sampling unit Population Size Percentage 

Project Sponsors 1072 26 6.9 

Contractors 10,456 252 66.3 
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Architects 806 19 5.0 

QuantitySurveyors 450 11 2.9 

Civil Engineers 736 18 4.7 

Mech. Engineers 183 4 1.1 

Elect. Engineers 186 5 1.3 

Project Managers 1864 45 11.8 

Total 15,753 380 100 

 

3.2 Data Collection Procedure 

A total of 328 email addresses of some 328 respondents were 

obtained and the online google form survey questionnaires 

sent to them. Before sending the online questionnaire, 

telephone calls to some 209 respondents were made. It was 

explained to them that an online survey questions was about 

to be sent to their email addresses and were requested to 

respond positively. After one month, some 36 responses 

representing 11.0% response rate were received. The postal 

addresses of the remaining 344 respondents were obtained 

from their respective lists and questionnaires sent to them 

through their respective post office box addresses. The 

researcher included a stamped self-addressed envelope for that 

purpose.  The respondents were requested to send the filled 

questionnaires back to of the researcher within three weeks. 

After one month, only seven responses were received through 

this method representing a 2.0% response rate. The physical 

addresses of some 278 of the remaining 337 respondents were 

obtained from their respective professional lists and also 

through internet search where the lists did not have the 

respondents physical addresses. The questionnaires were 

physical delivered to their respective offices and field sites 

where a majority of the contractors were based. The data 

collection technique used was the drop and pick method. After 

seven months, some 196 responses had been received using 

the drop and pick method representing a 70.5 % response rate. 

In total 239 responses were received representing a 62.9% 

response rate.  

3.3 Data Processing and analysis 

After the SPSS data set was created, graphical displays of 

histograms, stem-and-leaf plots, and the Q-Q normality plots 

for each questionnaire item using the explore procedure of the 

SPSS were generated. Measures of central tendency (mean) 

and measures of spread, i.e. the standard deviations, skewness, 

and kurtosis for each questionnaire item were calculated. The 

aim at this stage of data analysis was to describe the general 

distributional properties of the data, screen the data for input 

errors by identifying any unusual observations (outliers and 

extreme values) or any unusual patterns of observations that 

may cause problems for later data analyses. No unusual data 

were found and so the next stage of data analysis was 

performed. 

A Principal Component Analysis (PCA) with subsequent 

rotation (Varimax) was conducted on the 22 items of the 

Success Criteria Factors. Kaiser rule was used and five 

component factors were extracted. These factors were labelled 

as the Iron Diamond (Iron Triangle and safety), 

Organizational Benefits, Project Team Benefits, User 

Benefits, and the Social Benefits success criteria factors. A 

new variable c.MF1 was created and labelled ‗Organizational 

benefits‘. It computed the mean of all the six manifest 

variables combined on which this factor had loaded these are 

the variables Flexible projects with room for expansion, 

Projects with minimum maintenance cost, Projects that 

produce marketable products, Projects with satisfied clients, 

Projects without defects, Projects with satisfied users, Projects 

without legal claims. A new variable c.MF2 was created and 

labelled ‗Project team benefits‘. It calculated the mean of all 

the six manifest variables combined on which this factor had 

loaded. These are projects without legal claims, aesthetically 

pleasing construction projects, projects completed without 

accidents, projects which derive professional satisfaction, 

projects in which profit goals of consultants/contractors are 

met, and projects with minimum construction problems. 

Another new variable c.MF3 was created and labelled ‗user 

benefits‘. It calculated the mean of all the four manifest 

variables combined on which this factor had loaded. These are 

the projects in which users are satisfied, projects functioning 

as intended, projects with a good return on investment, and 

projects with low maintenance costs. A new variable c.MF4 

was created and labelled ‗Iron triangle + safety (project 

management)‘ that had loaded on projects delivered to 

specifications, projects delivered on schedule, projects 

delivered safely, and projects delivered within budget. Finally, 

a new variable c.MF5 was created and labelled ‗mean for 

social benefits‘.  It calculated the mean of all the two manifest 

variables on which this factor had loaded. These are the 

projects with minimum negative impact on the environment, 

and socially acceptable projects. A one way ANOVA was 

conducted for each of the five variables in order to determine 

whether there were any significant differences in the mean 

scores of the four stakeholders‘ role categories in each case. 

A new variable labelled ‗Project Success‘ was created in 

SPSS to represent the mean of the Iron Diamond (Iron 

Triangle and Safety), Organizational Benefits, Project Team 

Benefits, User Benefits, and the Social Benefits success 

criteria factors. Three new CSFs variables were also created in 

SPSS for each phase of the project life cycle. For instant, the 

conceptualization phase which is phase 1 had the following 

new factors.  P1ClientRelated, representing the client related 

factors during the conceptualization phase, was created by 

computing the mean of all client related factors. 

P1PMRelated, representing project manager related factors 

during conceptualization phase, was created by computing all 

project manager related factors.Five variables were created in 

SPSS to represent the CSFs groupings. The P1HRFactors 

variable was created by computing the mean of the P1Client 

Related, P1PM Related, and P1 Top Management research 

variables. P1ProjectManActions was created by computing 

the mean all the Project Management related factors; 

P1ProjectProcedures was created by computing the mean all 
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the Project Procedures related factors; P1ProjectRFactors was 

created by computing the mean all the Project related factors; 

and the P1External Environment was created by computing 

the mean of all External Environment related factors. 

Corresponding variables were created for each of the other 

three remaining phases. A standard multiple regression 

analysis was performed between Project Success as the 

dependent variable and the scores of the P1HR Factors, P1 

Project Man Actions, P1 Project Procedures, P1 Project R 

Factors and P1 External Environment as the independent 

variables. Similar standard multiple regression analysis were 

performed for each of the other three phases of the project life 

cycle. 

A stepwise multiple regression with forward entry was 

performed as an exploratory procedure of identifying the 

relative strength of influence the CSFs had on project success 

in preparation for a more rigorous regression analysis. A 

hierarchical multiple regression was then performed to 

determine the CSFs which are statistically significant in 

predicting project success.   

IV. RESULTS AND INTERPRETATION 

4.1 Response rate 

A total of three hundred and eighty questionnaires were 

distributed to the respondents out of which two hundred and 

thirty nine responses were received representing an overall 

response rate of 62.9%.This compares favorably with 

response rates reported from similar studies. For instance, 

Dosumu & Onukwube (2013) received a response rate of 28.7 

%.  Ibrahim (2014) received an overall response rate of 59% 

while  Owoko (2012) reported 67.5%.  Daib (2014) obtained 

86.2%; Munano (2012) obtained an overall response rate of 

84.85% while Salleh (2009) reported 61%, 44%, and 30% 

response rates for contractors, architects, and engineers 

respectively. Mokua (2014) obtained an overall response rate 

of 32.2%, while Yong & Mustaffa (2012) got a 31.1% 

response rate. Therefore the response rate of 62.9% was found 

adequate for this research and data analysis was carried out.  

4.2 Results 

4.2.1 Conceptualization phase 

A stepwise multiple regression was conducted to find the best 

combination of predictors of project success among the five 

independent variables, namely, external environmental factors 

(EEF), project procedure factors (PPF), human related factors 

(HRF), project management actions (PMA), and project 

related factors (PRF) during project conceptualization phase. 

Four steps were concluded with external environmental 

factors, human related factors, project procedure factors, and 

project management actions entered in the analysis. They 

provided the best combination of the CSFs with an adjusted 

R
2
 = 17.3% and a significant F =18.105, p < 0.001.   Project 

related factors variable was not entered into the analysis and 

did not appear to be of any importance in determining project 

success. The greatest R
2
 Change = 17.2% for the external 

environmental factors was significant, F Change = 49.101, P < 

0.001.  The R
2
 Change = 3.7% for the human related factors 

was significant, F Change = 11.042, P < 0.001.  The R
2
 

Change = 4.2% for the project procedure factors was 

significant, F Change = 13.049, P < 0.001. The R
2
 Change = 

2.0% for the project management actions was significant, F 

Change = 6.429, P = 0.012. A multiple regression analysis 

using the backward entry method yielded similar results. 

4.2.2 Planning phase 

A stepwise multiple regression was conducted to find the best 

combination of predictors of project success among the five 

independent variables, namely, external environmental factors 

(EEF), project procedure factors (PPF), human related factors 

(HRF), project management actions (PMA), and project 

related factors (PRF) during project planning phase.  Four 

steps were concluded with project related factors, human 

related factors, project procedure factors, and project 

management actions entered in the analysis. They provided 

the best combination of the CSFs with an adjusted R
2
 = 17.3% 

and a significant F =18.105, p < 0.001. The external 

environmental factors variable was not entered into the 

analysis and did not appear to be of any significance in 

determining project success. The greatest R
2
 Change = 16.9% 

for the project related factors was significant, F Change = 

48.106, P < 0.001.  The R
2
 Change = 2.0% for the project 

procedure factors was significant, F Change = 5.884, P = 

0.016.  The R
2
 Change = 1.5% for the human related factors 

was significant, F Change = 4.336, P < 0.038. The R
2
 Change 

= 1.8% for the project management actions was significant, F 

Change = 5.404, P = 0.021. A multiple regression analysis 

using the backward entry method yielded similar results. 

4.2.3 Execution phase 

A stepwise multiple regression was conducted to find the best 

combination of predictors of project success among the five 

independent variables, namely, external environmental factors 

(EEF), project procedure factors (PPF), human related factors 

(HRF), project management actions (PMA), and project 

related factors (PRF) at the project execution phase. Only one 

step was concluded with external environmental factors being 

the only variable entered in the analysis. It was the only CSFs 

that was found important in influencing project success during 

the execution phase with an adjusted R
2
 = 8.8% and a 

significant F =23.917, p < 0.001. A multiple regression 

analysis using the stepwise entry method yielded similar 

results. 

Multiple regression analysis at the execution phasewas carried 

out. The human related factors and project management 

actions are highly correlated (r = 0.866, P < 0.001). 

Furthermore, the stepwise multiple regression analysis with 

forward entry at the execution phase showed that external 

environmental factors was the only variable that was 

important in predicting project success. Hence, a correlation 

analysis was performed between human related factors 
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variable and project management actions during the execution 

phase.  The correlation was significant (r = 0.793, P < 0.001).  

A test for interaction effect between human related factors and 

project management actions produced positive results. It was 

found that the effect of human related factors on project 

success was dependent on the level of human management 

actions. High levels of project management actions 

corresponded with low influence of human related factors on 

project success while low levels of  project management 

actions corresponded with high influence of human related 

factors on project success. Medium levels of project 

management actions had little moderating effect on the 

relationship between human related factors and project 

success. 

A multiple regression with forward entry was performed on 

external environmental factors, human related factors, project 

procedures, project management actions, project related 

factors, and the interaction between human related factors and 

project management actions, labelled CP3PMA_CP3HRF. 

Only three variables were found significant and included in 

the analysis. These were the external environmental factors, 

CP3PMA_CP3HRF, and human related factors. The 

interaction between the project management actions and the 

human related factors, CP3PMA_CP3HRF, had a strong 

influence on project success explaining 21.6% of the variation 

of project success variable only second to external 

environmental factors that explained 37.4% of the variation. 

Project management actions variable on its own was not found 

to significantly influence project success at the execution 

phase.The greatest R
2
 Change = 9.2% for the external 

environmental factors variable acting alone was significant, F 

Change = 23.917, P < 0.001.  When the human related factors 

variable was added at model 2, the R
2
 Change = 4.1% was 

significant at 0.01 level.  Addition of the project procedure 

factors variable at model 3 resulted in an increase in R
2
 

Change = 3.1% which was also significant at 0.01 level.  The 

interaction of project management actions and the human 

related factors, at model 3, has the highest beta of 0.275 and 

dominates the external environmental factors with beta = 

0.219 in influencing project success. The human related 

factors has a strong influence on project success with beta = 

0.255. All three variables were significant at the 0.01 level. 

4.2.4 Termination phase 

A stepwise multiple regression was conducted to find the best 

combination of predictors of project success among the five 

independent variables, namely, external environmental factors 

(EEF), project procedure factors (PPF), human related factors 

(HRF), project management actions (PMA), and project 

related factors (PRF) at the project termination phase. The 

Anova results showed that all four models were significant, P 

< 0.001. Four steps were concluded with project management 

actions, human related factors, project related factors, and 

project procedure factors entered in the analysis. They 

provided the best combination of the CSFs with an adjusted 

R
2
 = 21.4% and a significant F =17.208, p < 0.001. External 

environmental factors variable was not entered into the 

analysis and did not appear to be of any importance in 

determining project success at the termination phase. The 

greatest R
2
 Change = 12.3% for the project management 

actions was significant, F Change = 33.168, P < 0.001.  The 

R
2
 Change = 4.6% for the human related factors was 

significant, F Change = 13.135, P < 0.001.  The R
2
 Change = 

3.3% for the project related factors was significant, F Change 

= 9.714, P = 0.002. The R
2
 Change = 2.5% for the project 

procedure factors was significant, F Change = 7.657, P = 

0.006. Model 4 had the greatest influence on project success 

with an adjusted R
2
 = 21.4%. The project management actions 

had a strong influence on project success (beta = 0.717), 

followed by the project related factors (beta = 0.319). Human 

related factors and project procedure factors had significant 

negative influence on project success (beta = -0.449) and 

(Beta = -0.271) respectively.A multiple regression analysis 

using the backward entry method yielded similar results. 

Table 3: Influence of CSFs on Project Success across the project life cycle 

Conceptualization 

P1

Planning 

P2

Execution 

P3

Termination 

P4

External Environmental Factors (EEF) 0.338 0 0.219 0

Human Related Factors (HRF) 0.315 0.317 0.255 -0.449

Project Procedure Factors (PPF) -0.232 -0.15 0 -0.271

Project Related Factors (PRF) 0 0.444 0 0.319

Project Management Actions (PMA) 0 -0.258 0 0.717

Stadandized Beta

Critical Success Factors

Project Phase

 
Table 3 shows a summary of the standardized Beta values 

obtained from the stepwise multiple regression analysis 

coefficients table for each category of the CSFs at each of the 

four phases of the project life cycle. Phase 1, Phase 2, Phase 

3, and Phase 4 refer to conceptualization, planning, execution 

and termination phases respectively. According to Burns & 

Burns (2008), the standardized beta weights can be used to 

compare the relative contribution of each independent 

variable. They display the same rank ordering by size as does 

the part correlation squared.  The chart depicted in Figure 1 

forms a graphical visualization of the data in Table 3, which 

in effect shows the strength of the CSFs in predicting project 

success at each phase of the project life cycle of construction 

projects in Kenya. 
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Figure 1: Influence of CSFs on project success across the project life cycle 
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The relative priority weights of the CSFs at each phase of the 

Kenyan construction projects are shown in Figure 2. 
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Figure 2: Priority weights of the CSFs at each phase of construction projects 

V. CONCLUSIONS AND RECOMMENDATIONS 

The implication of these findings to the clients and to the 

project managers is that they should pay more attention to 

both external environmental factors and human related factors 

during project conceptualization. Some attention should also 

be given to project procedure factors. During planning, the 

focus shifts and project related factors should be accorded 

highest priority followed by human related factors, project 

management actions, and project procedure factors in that 

order. The project manager should be aware that during 

project execution, there is a strong interaction between human 

related factors and project management actions and if the 

project team members are sufficiently trained and motivated, 

then chances of project success increase.  The external 

environmental factors should be carefully monitored because 

they expose the project to the greatest risk at this phase. 

During termination phase, the focus should be on project 

management actions, human related factors, and project 

related factors in that order.  

Human Related Factors were grouped into three broad 

categories. These are the client related factors, project 

manager‘s related factors and top management support. These 

factors are critical to the success of construction projects at 

the conceptualization, planning, and execution phases when 

working together in unison as indicated in Figure 1. However, 

when the human related factors variable was decomposed to 

its three components, the results indicate that top management 

support had a positive influence of project success only at the 

conceptualization phase and no influence at all on all other 

phases.  The project manager related factors acting alone 

influenced project success at the conceptualization and 

planning phases only. It came as a surprise that the project 

manager related factors acting on their own were not found to 

influence project success during execution and termination 

phases. However, on further reflection we agreed with the 

results. Although the project manager is the main actor during 

project execution, the support of the other players is 

indispensable especially concerning availability of resources, 

the project team members, approval of project deliverables 

etc.  

 Client related factors were found to influence project success 

negatively during the conceptualization and the execution 

phases but had no influence during the planning and 

termination phases. Further study needs to be done in order to 

discover why the other project stakeholder groups view clients 

as impediments to project success. However, a number of 

respondents complained about scope creep, with extra work 

activities coming up belatedly long after successor activities 

had started and in progress; sometimes when successor 

activities were already completed. Other respondents 

complained about late payments. They complained that it was 

a big challenge to get paid for the work done even after 

having achieved agreed milestones. Other respondents 

complained that clients were unable to give a proper project 

brief.  Although it is not possible to link these complaints 

directly to these findings, it is recommended that 

clients/developers/project sponsor/owners should honour their 

part of the bargain and understand that the project team 

members have benefits that they want to get from the project. 

If these benefits do not materialize, then the project team 

members will view that project as a failed project. To address 

the scope creep challenge, it is recommended that change 

requests be formalized with procedures of how the request is 

made, how it is approved and by whom, who meets the extra 

costs, and when the requested change should be effected. This 

would bring clarity and flexibility in order to allow changes to 

be made to the designs, as it surely must, if and when 

necessary.  

These findings suggests that project stakeholders have specific 

moments along the project life cycle when their individual 

input and contribution is crucial. For instance, the top 

management support is crucial during the conceptualization 

phase. The top management decides the purpose and 

objectives of the project in pursuance of a strategic intent. 

Therefore, the other project stakeholders need to be briefed 

thoroughly and supported by the top management.  The 

findings do not suggest that project stakeholders should not 

contribute towards the project at any other time.  Rather, it 

implies that the contribution of all project stakeholders 

together has more influence than the total sum of the influence 

of individual contributions of each project stakeholder.  This 

is consistent with the systems theory that holds that the impact 

of the whole system working as a harmonious unit is much 

greater than the sum of individual impacts of its parts. 

Therefore, the client, top management, and the project 

manager must understand the critical roles that each of them 

play in the project and that they need to work closely and in 

harmony with each other for the success of the project.  All 

project stakeholders play crucial roles and failure by one of 

the actors may bring about the failure of the entire project. 

The implications of this finding is that project success 

dependents upon the project stakeholders working together 

harmoniously with mutual respect and understanding.  The 
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project manager should strive to cultivate a harmonious co-

existence and cooperation among all the project stakeholder 

groups.  Individually, these factors had little effect on project 

success but when working together in concert, as human 

related factors, they had profound influence on project 

success.  

The influence of external environmental factors on project 

success was as important as the influence of the human related 

factors during conceptualization, planning, and execution 

phases as shown in Figure 1. The influence decreased during 

the termination phase. It is argued that external environmental 

factors have the capacity to negatively influence project 

success causing project failure as they are outside the control 

of the project stakeholders. The project manager and the other 

project stakeholders must bear this in mind at all times and be 

proactive in order to prevent external threats before they strike 

and to quickly respond to risks and threats whenever they 

arise. Good laws are a prerequisite for mitigating against risks 

and threats form the external environment. In this regard, it is 

recommended that the proliferation of prescriptive laws to 

regulate the construction industry in Kenya be stopped and 

instead all these laws be amalgamated and refined into a 

single performance based law. This will not only lead to the 

construction of safer, green buildings but will also allow 

innovation to take place in this sector.  

Many project related factors are not within the control of the 

project manager. The project size, type, complexity, and 

nature are issues outside the control of the project manager. 

However, the project manager should be aware of them in 

order to react correctly when confronted with issues and 

challenges that they might generate. Figure 7 shows that the 

influence of the project related factors on project success are 

greatest at the termination phase.  However, their impact on 

project success remain low at conceptualization, planning, and 

execution phases.  

There are two CSF categories that if not well handled can lead 

to project failure. Project Procedures and Project Management 

Actions were found to be negatively related to project success 

during conceptualization, planning, and the execution phases. 

However, they had a positive influence on project success 

during the termination phase. Factors such as adherence to the 

project management plan, adherence to the laid down 

tendering procedure, approval processes, communication 

systems, control mechanisms, feedback mechanisms, 

implementation of a quality assurance program, 

implementation of a safety program, organizational structure, 

amount of planning effort expended are not factors that lead to 

project success but can lead to project failure if misapplied in 

projects. For instance, having a project management plan in 

place and adhering to it does not in itself lead to project 

success. However, not having a project management plan or 

not following one almost guarantees project failure.  

It was found that the influence of the CSF categories reversed 

during the termination phase. As Figure 1 shows, the 

influence of the external environmental factors were minimal 

during the termination phase. Moreover, the influence of 

human related factors and project procedure factors on project 

success where negative and significant during the termination 

phase. The influence of project management actions and 

project related factors increased during project termination. 

In conclusion, the project manager should guide the rest of the 

project stakeholders on the best way to implement the project. 

We believe that by following the priorities of the CSFs at each 

phase of construction projects, the project manager has a 

higher chance of delivering projects that are more successful.  

It is suggested that the project manager carry out the 

following activities at the following phases of construction 

projects in Kenya.  

REFERENCES 

[1]. Atencio, M. (2013). A critical success factors framework that 

includes leadership competencies for successful delivery of 
projects (PhD Thesis). University of Salford, Salford. 

[2]. Atkinson, R. (1999). Project management: cost, time and quality, 

two best guesses and a phenomenon, it‘s time to accept other 
success criteria. International Journal of Project Management, 17, 

337–342. 
[3]. Baccarini, D. (1996).  The concept of project complexity – A 

review.  International Journal of Project Management, 14(4), 201-

204. 
[4]. Baccarini, D. (1999).  The logical framework method for defining 

project success.  Project Management Journal, 30(4), 25-32. 

[5]. Belassi, W., &Tukel, O. (1996). A new framework for 
determining critical success-failure factors in projects. 

International Journal of Project Management, 14, 141-151. 

[6]. Bounds, G. (1998). The last word on project management. 
Institute of Industrial Engineers Solutions, 30, 41-43. 

[7]. Burns, R. B., & Burns, R. A. (2008). Business research methods 

and statistics Using SPSS. Sage Publication Ltd, 2008. 

[8]. Chan, P. C. (2001).  Framework for measuring success of 

construction projects. CRC for Construction Innovation, Brisbane. 

[9]. Clarke, A. (1999). A practical use of key success factors to 
improve the effectiveness of project management. International 

Journal of Project Management, 17(3), 139-145. 

[10]. Cooke-Davies, T. (2002). The real success factors on projects. 
International Journal of Project Management, 20, 185-190. 

[11]. Daib, A. M. (2014). Factors influencing completion rate of 

construction projects in devolved units in Kenya: A case of the 
modernization of sewerage system In Wajir County. (Unpublished 

Master‘s Thesis). University of Nairobi, Kenya. 

[12]. De Wit, A. (1988). Measurement of project success. International 
Journal of Project Management, 6. Elsevier Science Ltd and 

IPMA. 

[13]. Dosumu, O. S., & Onukwube, H. N. (2013). Analysis of project 
success criteria in the Nigerian construction industry. International 

Journal of Sustainable Construction Engineering & Technology 

(ISSN: 2180-3242), 4 (1). 
[14]. Frefer, A. A., Mahmoud, M., Haleema, H., &Almamlook, R. 

(2018). Overview success criteria and critical success factors in 

project management. Industrial Engineering & Management, 7: 
244.  Doi: 10.4172/2169 0316.1000244 

[15]. Fortune, J., & White, D. (2006). Framing of project critical 

success factors by a systems model‖. International Journal of 
Project Management, 24, 53-65. 

[16]. Gemunden, H. G. (2015). The fascinating world of megaprojects. 

Project Management Journal, 46(5), 3-8. Editorial. 
[17]. Gichuge, H. (2000). Risk management in the building industry in 

Kenya: An analysis of time and cost risks (Unpublished Ph.D. 

Thesis). University of Nairobi, Kenya. 



International Journal of Research and Innovation in Social Science (IJRISS) |Volume II, Issue VII, July 2018|ISSN 2454-6186 

 

www.rsisinternational.org Page 10 
 

[18]. Gitagi, J. N. (1992). Marketing by building contractors in Kenya 

(Unpublished Master‘s Thesis). University of Nairobi, Kenya. 

[19]. Gudienė, N., Banaitis, A., Banaitienė, N., & Lopes, J. (2013). 
Development of a conceptual critical success factors model for 

construction projects : a Case of Lithuania. Procedia Engineering, 

57, 392–397. http://doi.org/10.1016/j.proeng.2013.04.051 
[20]. Hassan, A. I. (2017). Evaluation of the performance of donor 

funded road construction projects in Kenya (PhD‘s Thesis). Jomo 

Kenyatta University of Agriculture and Technology, Kenya. 
[21]. Hyvari, I. (2006). Success of projects in different organizational 

conditions. Project Management Journal, 31-41. 

[22]. Ibrahim, I. (2014). Project planning in construction procurement: 
The case of Nigerian Indigenous Contractors (PhD‘s Thesis). 

Jomo Kenyatta University of Agriculture and Technology, Kenya. 

[23]. Kahura, M. N. (2013). The role of project management 
information systems towards the success of a project: The case of 

construction projects in Nairobi Kenya, 3(9). 

http://doi.org/10.6007/IJARBSS/v3-i9/193. 
[24]. Kendra, K., &Taplin, L. J. (2004). Project success: A cultural 

framework. Project Management Journal, 35 (1), 30-45. 
[25]. Kerzner, H (2017). Project management. A system‘s approach to 

planning, scheduling, and controlling. 8th Edition.  John Wiley & 

Sons, Inc. 
[26]. Koutsikouri, D., Dainty, A., & Austin, S. (2006).  Critical success 

factors for multidisciplinary engineering projects. In: Boyd, D 

(Ed) Procs 22nd Annual ARCOM Conference, 4-6 September 
2006, Birmingham, UK, Association of Researchers in 

Construction Management, 219-228. 

[27]. Lim, C. S., & Mohamed, M. Z. (1999). Criteria of project success: 
An exploratory re-examination. International Journal of Project 

Management, 17(4), 243-248. 

[28]. Mbaabu, P. P. (2012). Factors influencing implementation of road 
construction projects in Kenya: A case of Isiolo County, Kenya. 

(Unpublished Master‘s Thesis). University of Nairobi, Kenya. 

[29]. Mokua, N. W. (2014). Evaluation of success indicators of building 
construction projects in Kenya (Unpublished Master‘s Thesis). 

University of Nairobi, Kenya. 

[30]. Morris, P.W.G. (1988). Managing project interfaces. In D.I. 
Cleland & W.R. Kings (Eds.), project management handbook (2rd 

ed., 16-55). New York: Van Nostrand Reinhold. 

[31]. Muchelule, Y., W. (2018). Influence of monitoring practices on 
project performance of Kenyan state corporations (Unpublished 

PhD‘s Thesis). Jomo Kenyatta University of Agriculture and 

Technology, Kenya. 
[32]. Mulu, J. (2016). Influence of utilization of project documents on 

performance of county government projects in Kitui County, 

Kenya. (Unpublished Master‘s Thesis). University of Nairobi, 
Kenya. 

[33]. Munano, A. N. (2012). Preconstruction planning. Exploring the 

factors that influence timeliness of project completion for public 
sector buildings in Kenya (Unpublished Master‘s Thesis). Jomo 

Kenyatta University of Agriculture and Technology, Kenya. 

[34]. Ngacho, C., & Das, D. (2013). An assessment of the performance 
of public sector construction projects: An empirical study of 

projects funded under Constituency Development Fund (CDF) in 

Western Province, Kenya. (Unpublished PhD thesis, Delhi): 
University of Delhi. 

[35]. Ochieng, E. G. (2008). Framework for managing multi-cultural 

project teams. (Unpublished PhD Thesis). Loughborough 

University. 

[36]. O‘Connor, M. M., & Reinsborough, L. (1992). Quality projects in 

the 1990s: a review of past projects and future trends. International 

Journal of Project Management, 10, 107–140. 
[37]. Ogero, D. K. (2014). Influence of project management information 

system on project performance in the construction industry. A case 

of Nairobi County, Kenya. (Unpublished Master‘s Thesis). 
University of Nairobi, Kenya. 

[38]. Omondi, E.  F. (2017). Influence of triple constraint management 

on completion of non-governmental organizations water sanitation 
and hygiene (WASH) projects in Nakuru County, Kenya. 

(Unpublished Master‘s Thesis). University of Nairobi, Kenya. 

[39]. Owoko, R. M. (2012). Determinants of successful delivery of 
housing construction projects in the Ministry of Housing in 

Nairobi, Kenya. (Unpublished Master‘s Thesis). Kenyatta 

University, Kenya. 
[40]. Oyaya, W. O. (2017). Influence of leadership style on 

performance of construction projects. A case of housing projects 

in Westlands Sub-County, Nairobi Kenya. (Unpublished Master‘s 
Thesis). University of Nairobi, Kenya. 

[41]. Pinto, J.  K. (1996). Understanding the role of politics in 
successful project management. International Journal of Project 

Management, 18(2000) 85-9. 

[42]. Pinto, J. K., &Slevin, D. P. (1987). Critical success factors in 
effective project implementation. IEEE Translations on 

Engineering Management, 34, 22-27. 

[43]. Pinto, J. K., &Slevin, D. P. (1988). Critical success factors across 
the project life cycle. Project Management Journal, XIX, 67-75. 

Downloaded on 30th January 2016 at 

https://www.researchgate.net/publication/236175751 
[44]. Salleh, R (2009). Critical success factors of project management 

for Brunei construction projects: Improving project performance. 

(Unpublished PhD Thesis). Queensland University of Technology.  
[45]. Serrador, P., & Turner, R. (2015). Relationship between project 

success and project efficiency. Project Management Journal. DOI: 

10.1002/pmj.21468. Accessed 3rd march 2018. 
[46]. Slevin, D. P. & Pinto, J.K. (1986). The Project Implementation 

Profile: New tools for project managers. Project Management 

Journal, XVII, 57-70 
[47]. Somba, K. (2015). Assessment of Ministry of public works 

supervision capacity in the construction of public buildings in 

Kenya (Unpublished Master‘s Thesis). Jomo Kenyatta University 
of Agriculture and Technology, Kenya. 

[48]. Turner, J. R. and Muller, R. (2006) Choosing appropriate project 

managers: Matching their leadership style to the type of project. 
Project Management Institute, Newton Square, PA, USA. 

[49]. Wamuyu I. N. (2017). Evaluation of building approval processes 

on construction project delivery (Time and Cost). A study of 
Nairobi City County (Unpublished Master‘s Thesis). University of 

Nairobi, Kenya. 

[50]. Wateridge, J. (1998). How can IS/IT projects be measured for 
success.  International Journal of Project Management, 16(1), 59-

63. 

[51]. Westerveld, E. (2003). The Project Excellence Model®: linking 
success criteria and critical success factors. International Journal 

of Project Management, 21, 411-418. 

[52]. Williams, T. (2015). Identifying success factors in construction 
projects. A case study.  Project Management Journal, 47, 97-112. 

[53]. Yong, Y. C., & Mustaffa, N. E. (2012). Analysis of factors critical 

to construction project success in Malaysia. Engineering, 

Construction, and Architectural Management, Vol. 19 Iss 5 pp. 

543 – 556. http://dx.doi.org/10.1108/09699981211259612 
 

http://doi.org/10.1016/j.proeng.2013.04.051
http://doi.org/10.6007/IJARBSS/v3-i9/193
https://www.researchgate.net/publication/236175751

