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ARTICLE INFO    ABSTRACT 
 

 

Gravel roads maintenance (GRM) is essential for the national economy of developing countries like Tanzania, 
where over 75% of the road network remains unpaved. Effective GRM management is crucial for sustaining 
these vital transportation routes and ensuring economic stability and growth. This study explores key 
management strategies for GRM, emphasizing the importance of extending the life cycle of road 
infrastructure through well-managed gravel roads maintenance projects. A quantitative approach was 
employed, utilizing a questionnaire survey administered to 385 professionals involved in road construction 
and maintenance. The data were analyzed using the Statistical Package for Social Sciences (SPSS), 
employing various statistical features. This rigorous analysis aimed to explore the most effective strategies for 
GRM based on the experiences and insights of industry professionals. The study revealed five key GRM 
strategies that are essential for the effective maintenance of gravel roads: These were off-prism strategy, risk 
management strategy, maintenance fund strategy, delivery and procurement strategy and construction 
materials strategy. Using the Pareto principle, the two most highly ranked strategies (off-prism and risk 
management strategy with mean value of 1.85 and 1.82 respectively) were identified as critical areas of focus. 
An implementation matrix has been proposed to provide clear maintenance guidance. The identified GRM 
strategies are recommended for implementation to enhance the efficiency of GRM projects in Tanzania, 
accounting for 53.5% of the variance. By focusing on the off-prism, risk management strategies and delivery 
and procurement strategy, significant improvements in road maintenance can be achieved, benefiting 
Tanzania's road infrastructure and economy.  
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INTRODUCTION 
 
The current practices in planning, designing, and contracting road 
maintenance projects in Tanzania do not adequately promote safe and 
reliable access to social services. These deficiencies could be rectified 
through the implementation of appropriate enhancement management 
strategies. Maintenance of gravel roads has predominantly been 
conducted on an empirical basis rather than through technically sound 
maintenance practices incorporating management-optimizing 
techniques. Effective improvement of gravel road maintenance 
projects often necessitates institutional reforms, human resource 
development, and changes to management practices prior to 
addressing technical issues. Mukasa (2013) observed that client and 
road users’ satisfaction with road maintenance is moderately low due 
to suboptimal maintenance strategies. A decade later, the report of the 
Controller and Auditor General on the performance and forensic audit 
for the period ending 30th June 2023 highlighted three primary issues 
in the Tanzanian road sector: time management, cost overruns, and 
quality of completed roads. Specifically, road development and 
maintenance works frequently exceed agreed timelines, resulting in 
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delayed public benefits; costs often overrun for various reasons; and 
the quality of roads deteriorates faster than expected due to poor 
design, construction, or maintenance methods. These issues are 
exacerbated by factors such as changing conditions, values, and 
priorities.Addressing these challenges requires the integration of 
technical managerial strategies, including technological processes, 
materials, human capital, and the efficient delivery of procurement 
and financial resources. Mwaipungu et al. (2012) identified key 
improvement strategies such as securing sufficient road maintenance 
funding, ensuring the availability of construction materials, enhancing 
the capacity and number of qualified staff, improving maintenance 
practices, and implementing decision-support systems. Ejohwomu et 
al. (2016) identified the causes of poor construction project practices, 
including inadequate financial projections by clients, excessive 
contract variations, lack of site condition knowledge, 
misrepresentation in contract documents, and poor contract 
administration. Olanrewaju and Abdul-Aziz (2015) concluded that 
maintenance should be considered during the design stage, and that 
implementing maintenance strategies such as maintenance plans, 
scheduling, control, and works is crucial. They emphasized the 
importance of clear maintenance policy, objectives, and strategies 
during the feasibility study and detailed preparation phases, 
advocating for collaboration between designers and maintenance 
experts. Mkilania (2016) identified several influences affecting best 
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maintenance practices in the Tanzanian public sector, including 
maintenance policy and strategy, strategic maintenance planning, and 
operational maintenance planning. McCready (2007) emphasized that 
before developing strategies to address problems, it is essential to 
clearly explain the causal factors influencing and creating these 
problems. These factors, identified through numerous studies and 
research projects, include both internal factors (such as bias, 
delivery/procurement approach, project schedule changes, and poor 
estimation) and external factors (such as local concerns, inflation 
effects, market conditions, and unforeseen events).McCready further 
concluded that potential strategies focusing on mitigating the causes 
of poor project value are significant. Momoh and Itohan (2023) 
defined strategic management as the process by which managers 
develop and implement strategies that may result in a lasting 
competitive advantage in the long run while Ibrahim et al., (2023) 
added that management strategy is a comprehensive plan and course 
of action used by a firm or organization to gain advantage by 
efficiently allocating its resources in response to meeting the 
requirements of stakeholders. In this study, the stakeholders are the 
road users, hence it is the series of actions to be taken by management 
so that the performance of gravel roads are maximized or better 
improved.Through this study, gravel roads maintenance management 
strategies were found through literature review, current practice 
assessment, and review of unique practice deficiencies and hence 
identified several key strategies subjected to assessment: 
 
(i) Management Strategy ST1:Manage the maintenance 

estimation process and costs throughout all project development 
stages. 

(ii) Document Quality Strategy ST2: Promote maintenance cost 
estimate accuracy and consistency through improved project 
documentation. 

(iii) Construction Materials Strategy ST3: Utilize alternative, 
cost-effective materials without compromising quality. 

(iv) Scope and Schedule Strategy ST4: Develop definitive 
processes for controlling maintenance work scope and schedule 
changes. 

(v) Risk Strategy ST5: Identify and quantify risks, and take actions 
to mitigate their impact during maintenance scope development. 

(vi) Delivery and Procurement Strategy ST6: Apply appropriate 
delivery methods to better manage maintenance costs. 

(vii) Estimate Quality Strategy ST7: Use qualified personnel and 
modern approaches to improve estimate consistency and 
accuracy. 

(viii) Integrity Strategy ST8: Ensure checks and balances to 
maintain estimate accuracy and minimize external pressures. 

(ix) Off-Prism Strategy ST9: Use proactive methods to engage 
external participants and assess environmental conditions 
affecting maintenance costs. 

(x) Maintenance Fund Disbursement Strategy ST10: Develop 
funding models for innovative maintenance approaches. 

 
Maintenance, defined as all technical and managerial functions 
required to keep a facility in a functional state (Decker, 1996), is 
essential for preserving the economic value of physical infrastructure 
(Zeni, 2021). Khalid et al. (2019) linked maintenance problems to the 
lack of integration between pre-contract and post-contract activities, 
highlighting that neglected maintenance strategies can diminish a 
facility's value. Adeyeye et al. (2013) noted that poor facility 
functioning often originates during the design, construction, and usage 
stages, with maintenance being critical at the usage stage.Current 
gravel road maintenance practices in Tanzania have been piecemeal, 
uncoordinated, and lacking sustainable managerial skills, despite the 
growing concern that Africa's extensive unpaved road network cannot 
be sustained with existing technologies and practices. Disseminating 
high-impact maintenance strategies is essential for ensuring long-term 
road infrastructure performance and quality. Effective maintenance 
management can be achieved through key performance indicators, 
routine monitoring, and supervision within maintenance plans, 
policies, and procedural strategies. This study uniquely assessed 
strategies for enhancing gravel road maintenance practices, 
prioritizing critical strategies that influence high-impact modern 

maintenance practices. These practices are vital for providing essential 
connectivity to the national highway network, markets, health 
services, educational institutions, and civic facilities. 
 

MATERIALS AND METHODS 
 
The primary objective of this study was to evaluate and prioritize 
strategies for enhancing gravel road maintenance practices in 
Tanzania, with the aim of improving maintenance projects practices. 
The concept of value enhancement is defined as the ratio of function 
to cost, where a project's function is defined by its intended 
performance. A quantitative methodology was adopted for this 
research. The main steps associated with undertaking this research 
involved five steps which are as follows; 1) literature review, 2) 
structured questionnaires, 3) data analysis, 4) exploring key 
management strategies that triggers gravel roads maintenance 
performance, 5) results and discussion and, 6) drawing conclusion. 
Similar studies as supported by Kavishe and Chileshe (2019) have 
also used this methodology.Structured questionnaires with close-
ended questions were used to collect data on strategies for enhancing 
gravel road maintenance practices. The questionnaire was divided into 
two sections. Section one gathered demographic information about the 
respondents, while section two solicited their perceptions on ten 
strategies identified through literature review and a Delphi study. 
Respondents were asked to rate the effectiveness of these strategies in 
enhancing the value of gravel road maintenance practices. The rating 
was conducted using a 5-point Likert scale, where 1 represented 
"Strongly Agree," 2 "Agree," 3 "Neutral," 4 "Disagree," and 5 
"Strongly Disagree." This scale was adopted based on its successful 
application in a similar study by Ishaq et al. (2021). Respondents 
provided their opinions on their level of agreement or disagreement 
with various strategic statements.To ensure a comprehensive analysis, 
385 structured questionnaires were administered to professionals 
involved in road construction and maintenance, which included 
Engineers, Quantity Surveyors, Architects, Environmental Engineers, 
and Civil Technicians. The sample size was estimated using the 
Yamane sampling techniques with the formula shown in equation 1 
below: 
 
𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 (𝑛) =

ே

(ଵାே௘)మ
                          (1) 

 
Where ‘’n’’ is the corrected sample size or minimum number of 
required respondents ‘’N’’ is the population size identified and ‘’e’’ is 
the margin of error which is the level of acceptance or precision.A 
pilot study was conducted to examine the groups identified in the 
research approach. Initially, 40 questionnaires were distributed to 
professionals in the road sector operating under either Tanzania 
National Roads Agency TANROADS or Tanzania Rural and Urban 
Roads Agency TARURA in the Dar es Salaam Region of Tanzania. 
The purpose of the pilot study was to get comments on the initial 
version of the questionnaires before formulating the improved one 
which was used in the main survey. Out of 385 respondents issued 
with questionnaires, 213 properly filled and returned the 
questionnaires giving a response rate of 55.3%. The internal 
consistency of data was tested using Cronbach’s Alpha value. The 
results of ten items tested presented in Table 1 show that the 
Cronbach’s Alpha value is 0.881 which is greater or equal to the limit 
of 0.7 indicating that the scale used for the data is reliable (Hair et al. 
2014). Further tests conducted are the normality tests in terms of 
Kolmogorov-Smirnov and Shapiro-Wilk tests and Pearson’s Chi-
Square tests for determining the correlation between variables. The 
results presented in Table 2 for normality tests show that the data are 
normally distributed. Table 3 presents results for correlation tests 
between variables (Parametric) and results show that all variables 
were significant since the correlation is significant at the 0.01 level. 
As per Table 3 results summary, the off-prism and integrity strategy 
are the top ranked correlated variables with a Pearson correlation 
value of 0.571.The rank of prioritized strategies was analyzed using 
the mean score values and standard deviations SD and results for the 
same is presented in Table 5. 
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To identify and highlight critical strategies for enhancing gravel road 
maintenance practices, the Pareto principle was employed. The Pareto 
principle, also known as the 80%-20% rule, posits that for many 
phenomena, eighty percent of the consequences arise from twenty 
percent of the causes. This approach aligns with the arguments of 
Buckley et al. (1976), who asserted that efforts to gather excessive 
amounts of information can be counterproductive. The maintenance 
management strategies were subsequently linked to gravel road 
performance factors to further analyze their correlations using 
SmartPLS software. The performance factors were derived from a 
documentary review and Delphi analysis, similar to what the study did 
in the identification of management strategies. These performance 
indicators were categorized into cost, quality, time, social and 
relational, and environmental aspects, as suggested by Luvara et al. 
(2020) who asserted that for a project to achieve effective 
performance, it must encompass both hard and soft project 
performance measures. Hard performance measures include cost, 
quality, and timelines, while soft performance measures encompass 
social, relational, and environmental aspects. The list of performance 
factors is as summarized in table 4. SmartPLS software was employed 
to examine the correlations between gravel road maintenance 
management strategies and the associated performance metrics (Hair 
et al., 2014) as portrayed in Figure 2. 
 

 
 

Fig. 1. Strategies for improving gravel roads maintenance 
practices 

 

RESULTS AND DISCUSSION  
 
Respondents Demography: The preliminary section of the 
questionnaires consisted of questions meant to gather information 
about the respondents’-profile and get insights on whether the data  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

being collected is from respondents whose background provides 
relevant perception on the subject matter of the study.Table 5 
illustrates the diverse array of organizations from which respondents 
were drawn, including the Tanzania National Roads Agency 
(TANROADS), Tanzania Rural and Urban Roads Agency 
(TARURA), Local Government Authorities (LGAs), Private 
Construction Companies (PCC).A summary of demographic profile 
results is presented in Table 4 whereby the majority of respondents 
(75.7%) had three or more years of experience in gravel road 
maintenance, instilling confidence in the validity of the study 
findings. In terms of academic credentials, the majority of respondents 
(86.5%) held basic degrees, with 70.6% holding Bachelor's degrees 
(BSc), 15.9% holding Master's degrees (MSc), 11.7% holding 
diplomas, and 1.9% holding PhDs. Furthermore, the distribution of 
respondents' professional fields and organizational affiliations was 
fairly proportionate, with civil engineering being the predominant 
field (79.4%) and TARURA being the primary organizational 
affiliation (59.2%). The link observed between experience and 
education level highlights the relationship between theoretical 
knowledge and practical application. Similarly, the significance of 
professional qualifications and the relevance of organizations' 
roadworks underscore the credibility of the information gathered was 
from authoritative sources. Data collected therefore, is presumed to 
furnish a solid grounding in concepts and principles, as well as furnish 
invaluable understandings suitable for analysis of strategies for 
enhancing gravel roads maintenance practices. 
 
Critical Strategies for Enhancing Gravel Road Maintenance 
Projects: Ten strategies for gravel road maintenance practices were 
identified from the literature as influential for maintenance 
improvement. These strategies were presented to respondents to 
determine their criticality and significance. Using mean scores and 
standard deviation (SD) values for ranking, and applying the Pareto 
Principle (also known as the 80-20 rule), two strategies emerged as 
critical. The Off-Prism Strategy, with a mean score of 1.85, involves 
proactive engagement with external participants and assessment of 
environmental conditions affecting the cost performance of gravel 
roads. The Risk Strategy, with a mean score of 1.82, entails 
identifying risks, quantifying their impacts, and implementing actions 
to mitigate these impacts during the development of the maintenance 
scope. Table 6 summarizes the ranking results of all ten strategies, 
while Figure 1 illustrates the most critical strategies according to the 
Pareto Principle. Additionally, the correlation analysis revealed that 
the Off-Prism Strategy and the Integrity Strategy have the highest 
Pearson correlation value of 0.571, indicating a strong relationship 
between these variables - as closer to 1 than the other variables 
analyzed and presented in Table 3. 
 
 

Table 1. Reliability Statistic Test for the ten Strategies measurement items 
 

Test Item Number of Measurement Items Cronbach’s Alpha value 
Strategies for enhancing gravel roads 
maintenance projects 

 
10 

 
0.881 

Acceptable value  ≥ 0.70 
Source: Authors’ analysis (2024) 
 

Table 2. Normality Test for ten strategies measurement items 
 

Strategy name Kolmogorov-Smirnov Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Management strategy 0.343 213 0.000 0.741 213 0.000 
Document quality strategy 0.260 213 0.000 0.801 213 0.000 
Construction materials strategy 0.287 213 0.000 0.787 213 0.000 
Scope and schedule strategy 0.260 213 0.000 0.798 213 0.000 
Risk strategy 0.239 213 0.000 0.810 213 0.000 
Delivery and procurement strategy 0.246 213 0.000 0.804 213 0.000 
Estimate qualitystrategy 0.295 213 0.000 0.777 213 0.000 
Integrity strategy 0.261 213 0.000 0.804 213 0.000 
Off-Prism strategy 0.228 213 0.000 0.817 213 0.000 
Maintenance fund Disbursement strategy 0.241 213 0.000 0.807 213 0.000 
Acceptable value   <0.001   <0.001 

                                          Source: Authors’ analysis (2024) 
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The summary of a proposed implementation matrix is presented in Table 6 with two critical strategies 
and proposed respective actors. 
 
Effects of Management Strategies onthe Performance of GRM Projects: Efficient management 
strategies and practices in the construction industry have been widely studied to create and sustain a 
competitive advantage. These studies focus on developing frameworks that ensure consistent 
performance of construction projects. Gravel road maintenance projects, which account for over 75% 
of the road networks in many developing countries, have not received comparable attention despite 
their importance. Padalkar et al., (2016) noted that construction project management has traditionally 
relied on a deterministic perspective, emphasizing control and predictability. However, for gravel 
road maintenance projects, it is crucial to balance short-term efficiency with long-term innovation due 
to limited resources. Meng (2012) highlighted that breakdowns in relationships among project actors 
can lead to poor performance.  

Therefore, this study explores critical management strategies to enhance gravel road maintenance 
project performance. This paper also delved into examining the total effect of management strategies 
(MST) on the maintenance performance of gravel roads. The SmartPLS software was used to analyze 
complex relationships between various management strategies and performance factors. The data 
analysis aimed to determine the coefficient of determination (R²) and the total effects of MST on 
overall maintenance performance (OMP). The analysis revealed a strong relationship between MST 
and OMP of gravel roads, with an R² value of 53.5%, significantly exceeding the acceptable threshold 
of 20% set by Hair et al., (2014). This indicates that MSTs substantially explain the variance in OMP. 
Among the ten management strategies assessed, the delivery and procurement strategy (ST6) 
emerged as the most influential, with a path coefficient of 0.766. This strategy involves applying 
appropriate delivery methods to better manage maintenance costs, indicating its significant impact on 
OMP. The results also showed that the MST-OMP relationship is statistically significant, as detailed 
in Table 7, which summarizes the P-values of all dependent and independent variables.  

Table 3. Correlations between strategy’s variables 
 

Strategy name                             Correlation value name Management 
strategy 

Document 
quality 
strategy 

Construction 
materials 
strategy 

Scope and 
schedule 
strategy 

Risk 
strategy 

Delivery and 
procurement 

strategy 

Estimate 
quality 
strategy 

Integrity 
strategy 

Off-
Prism 

strategy 

Maintenance fund 
Disbursement 

strategy 
Management strategy Pearson Correlation 1 0.542** 0.471** 0.443** 0.399** 0.479** 0.547** 0.301** 0.268** 0.351** 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Document quality strategy Pearson Correlation 0.542** 1 0.445** 0.440** 0.397** 0.496** 0.369** 0.471** 0.327** 0.516** 
Sig. (2-tailed) 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Construction materials 
strategy 

Pearson Correlation 0.471** 0.445** 1 0.393** 0.547** 0.498** 0.434** 0.399** 0.294** 0.348** 
Sig. (2-tailed) 0.000 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Scope and schedule strategy Pearson Correlation 0.443** 0.440** 0.393** 1 0.429** 0.436** 0.274** 0.306** 0.353** 0.359** 
Sig. (2-tailed) 0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Risk strategy Pearson Correlation 0.399** 0.397** 0.547** 0.429** 1 0.537** 0.434** 0.390** 0.414** 0.407** 
Sig. (2-tailed) 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Delivery and procurement 
strategy 

Pearson Correlation 0.479** 0.496** 0.498** 0.436** 0.537** 1 0.516** 0.435** 0.406** 0.538** 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Estimate quality strategy Pearson Correlation 0.547** 0.369** 0.434** .274** 0.434** 0.516** 1 0.519** 0.363** 0.387** 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Integrity strategy Pearson Correlation 0.301** 0.471** 0.399** 0.306** 0.390** 0.435** 0.519** 1 0.571** 0.446** 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 
N 213 213 213 213 213 213 213 213 213 213 

Off-Prism strategy Pearson Correlation 0.268** 0.327** 0.294** 0.353** 0.414** 0.406** 0.363** 0.571** 1 0.433** 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 
N 213 213 213 213 213 213 213 213 213 213 

Maintenance fund 
Disbursement strategy 

Pearson Correlation 0.351** 0.516** 0.348** 0.359** 0.407** 0.538** 0.387** 0.446** 0.433** 1 
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
N 213 213 213 213 213 213 213 213 213 213 

**. Correlation is significant at the 0.01 level (2-tailed) 
Source: Authors’ analysis (2024) 
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Quality criteria such as R², f², reliability, and validity were used to 
finalize the total effects, summarized in Table 8. The findings indicate 
that MST has the highest effect on quality performance (0.635), 
followed by cost performance (0.610). Similarly, the OMP subscales 
of performance factors showed that quality and cost were the top 
factors, with total effects of 0.866 and 0.833, respectively. These 
results suggest that effective management strategies significantly 
enhance the performance of gravel road maintenance projects,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
providing a competitive advantage. The dominant logic concept 
underscores the importance of delivery and procurement strategies in 
managing maintenance costs and improving overall project 
performance. By employing tools like SmartPLS therefore, the 
complex relationships between management strategies and 
performance factors can be effectively analyzed, providing valuable 
insights for improving project outcomes in Tanzania and other 
developing countries.  

Table 4. Gravel roads maintenance projects performance measures 
 

Performance Criteria CODE Indicator’s name 
 
 

Hard performance criteria 
(Cost, time and quality) 

C1 No addition works and variations 
C2 Accurate budgets estimate as per roads condition survey reports 
C3 No maintenance scope creep 
C4 No maintenance scope changes 
C5 Adequate funds allocation considering actual maintenance needs 
T1 Minimum or no disputes for maintenance projects 
T2 Adequate timing of maintenance activities 
T3 Timely payments for works dully executed by clients 
Q1 No hike in construction materials due to inflation 
Q2 Proper project planning and control 
Q3 Good risk management 
Q4 Quality and conditions of construction materials 

 
 
 

Soft performance criteria 
(Social, relational and 

environmental) 

R1 Overall, personal relationships among members (employee-employee, Management employee relationships) are 
continually good 

R2 Overall achievement on adherence to health and safety measures on gravel roads projects well maintained 
R3 Overall satisfaction of road users and other stakeholders 
E1 Overall achievement of influence by local communities on environmental improvement for gravel roads 

maintenance projects sites 
E2 Overall achievement of training programs on environmental issues related to gravel roads management 
E3 Overall achievement of completed gravel roads maintenance projects’ sites being environmentally protected 
E4 Overall achievement of compliance with implementing environmental management practices for  gravel roads 

maintenance projects 
Note: C = cost; T=Time; Q =quality; R =relational; E =environmental aspects 
 

Table 5. Demographic profile results summary 
 

Demographic profile Frequency Percent Cumulative percent 
Less than 3 years 52 23.9 23.9 
3-5 years 49 23.0 46.9 
5-10 years 47 22.1 69.0 
10-20 years 47 22.1 91.1 
More than 20 years 19 8.9 100 
Total 213 100  
PhD 4 1.9 1.9 
Master 34 16.0 17.8 
Bachelor 150 70.4 88.3 
FTC/ordinary diploma 25 11.7 100 
Total 213 100  
Civil Engineer 169 79.3 79.3 
Quantity Surveyor 15 7.0 86.3 
Architect 3 1.4 87.7 
Environmental Engineer 2 0.9 88.6 
Civil Technician 24 11.3 100 
Total 213 100  
Tanzania National Roads Agency 22 10.3 10.3 
Tanzania Rural and Urban Roads Agency 126 59.2 69.5 
Local Government Authority 15 7.0 76.5 
Private Construction Company 50 23.5 100 
Total 213 100  

                                              Source: Authors’ analysis (2024) 
 

Table 6. Prioritized strategies for improving gravel road maintenance practices 
 

Strategy variable name N-Statistics Mean SD Rank 
Off-Prism strategy 213 1.85 0.750 1 
Risk strategy 213 1.82 0.810 2 
Maintenance fund disbursement strategy 213 1.81 0.768 3 
Delivery and procurement strategy 213 1.81 0.791 4 
Construction materials strategy 213 1.79 0.905 5 
Integrity strategy 213 1.77 0.768 6 
Document quality strategy 213 1.77 0.778 7 
Scope and schedule strategy 213 1.76 0.769 8 
Estimate quality strategy 213 1.69 0.768 9 
Management strategy 213 1.63 0.800 10 

Source: Authors’ analysis (2024) 
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Table 7. Implementation matrix of critical strategies for enhancing maintenance practices 
 

Strategy Actor Role 
Off-Prism 
Strategy 

Responsible Ministries, Road Authority 
Implementing Agencies and 
Government Regulating Authorities 

-Use of proactive engagement with external participants and assessment of environmental conditions 
affecting the cost performance of gravel roads 
-Employ qualified technical personnel in gravel roads maintenance practices 
-Conduct  regular training to all technical personnel involved in maintenance 

Risk 
Strategy 

Responsible Ministries, Road Authority 
Implementing Agencies and 
Government Regulating Authorities 

-Identifying risks, quantifying their impact, take actions to mitigate the impact as maintenance scope 
is developed 
-Employ risk management consultants in planning, design and supervision of road maintenance 
projects. 

 
Table 8. Significances path coefficients values of MST to OMP factors 

 
Path Name Original 

sample (O) 
Sample 

Mean (M) 
Standard 

Deviation(STDEV) 
T Statistics 

(IO/STDEVI) 
P-Values 

MST->OMP 0.733 0.743 0.030 24.038 0.000 
OMP->C 0.833 0.835 0.023 35.624 0.000 
OMP->E 0.530 0.519 0.093 5.698 0.000 
OMP->Q 0.866 0.869 0.020 42.600 0.002 
OMP->R 0.590 0.579 0.086 6.841 0.000 
OMP->T 0.776 0.779 0.037 21.032 0.000 

Note: MST=management strategy, OMP =overall maintenance performance, C=cost, Q=quality, T=time, R=relational, E=environment 
 

Table 9. Total effects of MST on overall maintenance performance of gravel roads 
 

Variable Name Cost Environment Quality Relational Time 
MST 0.610 0.388 0.635 0.432 0.569 
OMP 0.833 0.530 0.866 0.590 0.776 

 

 
 

Figure 2. Management Strategies effect on overall maintenance performance of gravel roads 
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The analysis depicted in Figure 2 reveals that gravel road management 
strategies are positively perceived and significantly enhance 
performance by providing clear direction for management activities 
based on their importance. Effective performance in maintenance 
outcomes requires road authorities to consistently and regularly 
address management strategies to optimize the limited resources 
allocated for gravel road maintenance in Tanzania and similar 
developing countries. This aligns with McWilliams et al., (2019), who 
argue that management strategies facilitate performance evaluation 
and outline objectives to meet both current and future needs, thereby 
maximizing performance. Figure 2 illustrates that the relationship 
between management strategies (MST) and overall maintenance 
performance (OMP) has a coefficient of determination of 53.5% (R² = 
0.535). This exceeds the acceptable threshold of R² ≥ 0.2 established 
by Hair et al. (2016). Table 9 confirms the quality of the relationship 
between gravel road management strategies and performance factors, 
as per Hair et al. (2026). All quality criteria are met, except for the 
Average Variance Extracted (AVE) for MST, which is 0.483, slightly 
below the acceptable threshold of ≥0.50. Despite this, the decision was 
made to retain the result to avoid compromising other performance 
factors. Table 10 outlines the preferred order of gravel road 
management strategies. The findings suggest that implementing these 
strategies should consider the suggested priority order to avoid 
potential dilemmas. Notably, the management strategy path ST6-
MST-OMP-Quality-Q4 ranks highest, while ST9-MST-OMP-
Environment-E2 ranks lowest. The ST6-MST-OMP-Quality-Q4 path 
is considered most effective in enhancing gravel road maintenance 
performance. This supports Fedushko et al., (2021), who argue that 
introducing a long-term strategic approach can improve project 
performance and efficiency by addressing all feasible means and 
circumstances. 
 

CONCLUSION AND RECOMMENDATIONS 
 
This study aimed to assess and prioritize strategies for enhancing 
gravel road maintenance practices, focusing on performance 
improvement parameters. Based on the study's findings, it is 
concluded that two strategies; namely, the Off-Prism Strategy with a 
mean value of 1.85 and the Risk Strategy with a mean value of 1.82 
are critical due to their significant influence on improving gravel road 
maintenance practices. Furthermore, the analysis revealed a strong 
correlation between the Off-Prism Strategy and the Integrity Strategy, 
with a Pearson correlation value of 0.571. This suggests that the 
Integrity Strategy can be effectively implemented alongside the Off-
Prism Strategy to achieve enhanced maintenance outcomes. To better 
boost the performance, this research recommends instituting 
mechanisms in managing maintenance costs effectively via 
implementing delivery and procurement strategy due to its vitality in 
maintenance performance outcomes. The study recommends that road 
sector implementing agencies and other construction stakeholders  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
prioritize the application of these influential strategies when managing 
gravel road maintenance projects. By doing so, they can optimize 
overall maintenance practices and achieve better performance. 
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