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Foreword: by President of
the Institution of Engineers
Tanzania
Fellow engineers, foreign delegates and conference
participants, on behalf of the Council of the IET I warmly
welcome all of you to this 30th National Conference and 43rd
Annual General Meeting in this beautiful Ngurudoto
Mountain Lodge on the slope of Mount Meru in Arusha,
Tanzania. This marks a departure from our usual venue at
Naura Springs which some of you might have been used to.
We will be spending two and half days of interactions and
discussions on matters of interest to our profession.

challenge. This conference will give us the chance to
exchange notes, share experiences and deliberate
constructively on challenges facing the engineers.

We are grateful that the Minister of Works, Transport and
Communication of Tanzania Honorable Eng. Isaack
Kamwelwe, (MP) did without hesitation or reservation
accept our invitation to grace this year’s Conference. I take
this opportunity on behalf of IET and myself to warmly
welcome him. Asante Sana Mheshimiwa Waziri.

IET continues to collaborate closely with the Engineers
Registration Board (ERB), Association of Consulting
Engineers Tanzania, East African Federation of
Engineering Organization and other regional and World
Engineering Bodies in enhancing the practice of
engineering and working with a view to raising the
competence of the Tanzanian engineer. I call for your full
cooperation and participation in the various IET programs.

The theme of this year’s conference is “Harnessing
Sustainable Engineering and Technology for National
Socio-Economic Development”. It is a well thought of
theme and has come at a time when the focus of the nation
is on socio-economic development with emphasis on
industrialization and delivery of social services to the
populace.
Our role as engineers has been more profound this year
than years in the past. It is now not uncommon to hear in
the press or social media of the challenges facing
implementation of engineering projects in the country.
The bar for delivery of engineering projects has been
raised. This calls upon us as engineers to rise to the

A number of papers will be presented focusing on the
conference sub themes while sharing experiences. Papers
on cross cutting subjects will present matters that are
common to all facets of the engineering profession
touching on our daily practices.

Take time during the last day of the conference to
participate in industrial visits prepared for you or to relax
by visiting our Northern Circuit tourist attractions.
I wish all of you a pleasant stay in Arusha.
Karibuni Sana.
Eng Menye David Manga, Adv.
President
Institution of Engineers Tanzania
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Message from Registrar of
Engineers Registration
Board
On behalf of the Management and Staff of the Engineers
Registration Board (ERB) of Tanzania, I wish to congratulate the
Institution of Engineers of Tanzania (IET) on this occasion of the
30th IET National Conference. The ERB has had the honour to
support the Institution towards making this conference a success.
The theme of the conference “Harnessing Sustainable
Engineering and Technology for National Socio-Economic
Development” reflects quite well the IET’s and the Engineering
community’s commitment to serve Tanzanians in line with
Tanzania Development Vision 2025 and indeed, the contribution
of the engineering practice in the achievement of the National
Development Agenda of Industrialization.
The Board, on its part, continues to carry out its mandate as
provided for in the Engineers Registration Act, No. 15 of 1997
and Amendment of 2007 including, among others, registration of
Engineers, professional development of Engineers, promotion
and maintenance of professional conduct and integrity of the
engineering profession and monitoring the conduct of Engineers
and Engineering Consulting Firms. Over the last five years, ERB
has laid the foundation for a robust engineering practice in
Tanzania through the implementation of the Act. The Board has
identified necessary interventions for all phases of engineering
practice, Structured Engineering Apprentiship Programme
(SEAP) for graduate engineers and CPD and Regulation for
registered engineers and technicians. Currently the total number
of registered engineers is 25,812 and technicians are 1,112 while
the consulting firms are 348.
In order to ensure effective and smooth implementation of the
ERB Mandates the Board has introduced the Management
Information Systems (MIS) and Engineering Development
Facility (EDF). MIS is meant to simplify overall management of
the board records; provide easy management of application
process by facilitating engineers and technicians to apply for
registration online; Provide a platform for Project registration
and evaluation; Verification for both engineers and firms;
Publication and dissemination of materials produced in
connection with the work and activities of the Board; and to

Manage payment using Government electronic Payment
Gateway (GePG) by integrating with Enterprise Resource
Planning.
The Engineering Development Facility (EDF) is conceived by
ERB to contribute in the realization of the Vision and Mission of
the Board in alignment with the national and global agendas. The
Engineering Development Facility is intended to allow the Board
mobilize, raise and manage funds for the purpose of financing its
various promotional undertakings and ensure that the funds
granted by the stakeholders are utilized for the intended
outcomes. Specifically; EDF will support among others the
following; Construction of the Industrial Development Centre
(Mhandisi House) for focusing delivering EDF objectives while
also responding to the challenges of the unavailability of offices
to accommodate ERB, Government institutions, and other ERB
stakeholders and partners; Capacity building of engineers and
engineering consulting firms, whereby in the first six (6) years of
the project 4,000 local graduate engineers and 3,600 professional
engineers will benefit from training and mentorship, as
appropriate; and Construction, equipping and operationalization
of the Engineering Innovation Centre. I therefore request
engineers, stakeholders and donors to support us towards the
implementation of this marvelous project which will highly
promote industrial development in the country.
In conclusion, I wish to assure all our stakeholders that the Board
will continue supporting sustainability, growth, and
competitiveness of Engineers, Consulting Firms and Engineering
Technicians for betterment of our nation.
I applaud the IET and delegates and look forward to a fruitful
conference.

Eng. Patrick Barozi
REGISTRAR
ENGINEERS REGISTRATION BOARD
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Session 1:
INFRASTRUCTURE AND INDUSTRIALIZATION
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A DISCUSSION OF TECHNOLOGICAL DEVELOPMENT STRATEGIES FOR ENGINEERS
TOWARDS INDUSTRIALIZATION IN TANZANIA
N. K. Ngowi1
ABSTRACT
Tanzanian Vision 2025 has an objective of making her a middle class economy and semi-industrialized country
by the year 2025. This is very much emphasized in the Phase 5 Government lead by Dr. John Pombe Magufuli.
For the country to industrialize, it is not enough to construct the infrastructure but the actual industries. Effective
development of the industries requires the Engineers to play the key role in providing technological and
managerial solutions in design of the industry and in the day to day production activities. Change of Mind-set,
especially for Engineers is tantamount to successful development of industries. This paper aims to sensitize
Engineers in order to be able to identify and explore the available opportunities towards industrializations. The
author who is also a writer of the book “TECHNOLOGIES ARE THE ARTS”, highlights one of the greatest
hindrances towards technological development in Africa to be, the mind-set of the African Intellectuals putting a
great emphasis in the sciences without putting corresponding efforts to learn and develop the arts or skills on
how to do things and thereby provide technological solutions to local requirements. The paper properly defines
technology and explains how it is obtained and discusses on how other countries pursued technological
developments comparing to Africa. The paper discusses various subjects which are important for technology
development in a society and proposes the way forward towards technological development. Some of proposed
strategies include streamlining the technical education to focus on basics for engineering sciences relevant to the
industries, to target a more result oriented training among technicians and Engineers, the need to differentiate
between engineers for the industries and engineers for administration and provide the relevant training,
sensitization of the society to contribute towards technological development, cultivating of lifelong learning skills
to engineers, and formation of brainstorming groups for development of technological ideas into a reality.
Keywords: Industrialization, Technology, Art, Mind-set, Techno entrepreneur, Brainstorming

1.0

INTRODUCTION

1.1 Background information
Tanzanian Vision 2025 has an objective to make the country to be a middle economy and Semi Industrialized by the year
2025. This is very much emphasized in the Phase 5 Government lead by Dr. John Pombe Magufuli. In order for the vision
to be successful several infrastructures including roads, airports, railways and electricity infrastructures have been
constructed to ensure smooth availability of energy and transportation of goods and passengers. Big projects which are
currently under construction include The Standard Gauge Railway (SGR) and Nyerere Hydropower Project in the Rufiji
Basin.
1.2 Statement of the Problem
Successful and cost effective implementation of industrialization requires the right strategies to acquire and adopt the
required technologies for the industries. Technological development is a problem not only to Tanzania but to Africa as a
whole. According to the author, lack of sufficient technological development in Africa is caused by the mind-set of African
intellectuals over emphasizing the need to study sciences without corresponding efforts to solve actual problems, which
should result into developing the art of doing things and hence technological development. Many intellectuals define
technologies as applied sciences, but it is important to note that the Word Technology came from a Greek word Techne
Logia which means “the study of the Art”, while the word Science came later from a Latin Word Scientia which means
knowledge that can be rationally explained. .Lack of understandings of what technology is, has resulted into African
intellectuals who are very good at providing scientific explanations but not able to apply their knowledge in developing
the actual technological solutions to their communities. This prompted the author to write a book titled “Technologies are
the Arts”, in order to sensitize Africans to put effort on the art (how to do things) and not the sciences alone. And preparation
of this paper is a continuation of the effort to sensitize African intellectuals to apply the right strategies towards
technological development in their countries. This paper aims to provoke the Tanzanian Engineer to arise and take a leading
role in development of technologies for industrializations, not only as administrators but also as technological developers
and owners of the industries.

1
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2.0

DISCUSSION OF THE ISSUES

2.1 Understanding Vision 2025 and the role of Engineers
Vision 2025 defines the objectives of making Tanzania to be a Semi industrialized and middle income economy by the
year 2025. According to the Vision, Tanzania had two visions before, which were the vision for fighting for independency
of Tanganyika and the Arusha Declaration announced in 1967 to establish socialism and state owned enterprises. When
Tanganyika got independence in 1961, we had no specific vision but we had a motto “Uhuru na Kazi” to encourage people
to work hard for their development. During the 1980s Tanzania started to deviate from socialism towards privately owned
economy and there was no defined direction for the Tanzanian economy, which lead to the need for formulation of the
Vision 2025. There were some impediments which hindered successful implementation of the Arusha Declaration one of
which is termed as “Donor Dependency and Defeatist Mindset”. It is the belief of the author that participation of the
Tanzanian Engineers to develop technologies and actively participating in establishing and management of industries is
highly important for the success of Vision 2025. The vision blames the education system for lacking proper structure to
prepare graduates who can provide solutions to existing problems and to enable them to make use of opportunities available
for development of the country and proposes complete overhaul of the education systems. The vision also proposes efforts
to encourage Tanzanians to avoid the culture of admiring effortless success and to build a society which reward hard work,
ingenuity, creativity and innovation (1). The author believes that there is a great importance to restructure our education
system to prepare engineers and technicians who are highly motivated and prepared to work to provide technological
solutions for our industries and to act as techno entrepreneurs to establish own industries rather than the current tendency
of rushing to administrative duties.
2.2 Understanding Technology and Technological Development
Most intellectuals believe technology to be application of sciences to solve problems or to improve lives of people.
However Wikipedia defines technology as “The making, usage and knowledge of tools, machines, techniques, crafts,
systems or methods of organization to solve a problem or perform a specific function” (3). There are many intellectuals
who believe Technology to be application of sciences or applied sciences. This definition lures intellectuals to put too
much effort in knowledge of the sciences without putting corresponding efforts in the actual development of the
technologies. According to the book “Technologies are the Arts”, the word technology originated from Greek language
Techne logia meaning the Study of the Art, where people were interested to know how things can be done to improve
human lives, while the word Science came later and originated from a Latin word Scientia which meant Knowledge . One
example is Tanzania and other African countries where the Technical Schools which were relevant to provide basic
technical skills and knowledge were removed thinking that the same will be provided in Colleges and Universities.
According to experience of the author, there are many skills which were provided in technical schools which are not offered
in Technical Colleges and Universities. In technical schools the subject of Engineering Science was taught instead of
Physics. And the topics included were more relevant to engineering since they enabled students to understand strength of
materials, machines, gears, electric motors, generators, transformers in a way that cannot be found in physics and therefore
preparing the students to face industrial challenges in future.
2.3 Prerequisites for Technological Development in a Society
As quoted by the book “Technologies are the Arts”, there are three pre-requisites for a society to achieve Technological
Development. These are Social Needs, Social Resources and Sympathetic Sociological Ethos. Social needs happens when
a society feel that it needs certain technologies and this may be achieved by marketing and sensitization of the society.
Social resources are the required financing, equipment, raw materials and human resources necessary for technological
development. Sympathetic Sociological Ethos is the readiness of society to contribute to the cost of technological
development. It is believed that during the first industrial revolution which occurred in United Kingdom, the middle income
people contributed heavily towards the cost for technological development for industrialization. The middle income people
includes mainly the professionals such as the lawyers, engineers, teachers, economists etc. In Tanzania when we speak
about supporting the people trying to contribute their ideas and skills towards development of different technologies, the
response is always that the government should finance such supports. For Tanzania to develop technologically we need to
have citizens ready to finance technological development undertakings.
2.4 The Concept of Engineers for Administration and Engineers for the Industry
Germany is called the engine of Europe as far as success in industries is concerned. One of the factors which contributed
towards this achievement are having an education system which is focused, whereby they have established the need for
two types of engineers, who are classified as Engineers for the industries and Engineers for Administration. Engineers for
the Industries are prepared to solve actual industrial problems and develop the actual industries. Engineers for the Industries
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are prepared in Technical Colleges and are more practical oriented. Engineers for administration are prepared to manage
administrative duties such as working in government institutions. According to the author’s experience of about 40 year in
the construction industry in Tanzania, currently it is very difficult to differentiate the skills of those who passed through
technical Colleges and those from Universities
2.5
The need for Development of Techno Entrepreneurs
Chapter 7 of the book “Technologies are the Arts”, has a subject, “Africa needs Techno entrepreneurs”. Techno
entrepreneurs are business people whose main duties are providing Technological Solutions. Reading the book it can be
noticed that many people who founded big technological enterprises in the world were not even graduates. However if
engineers are sensitized on the importance of starting technological enterprises, they can contribute significantly to
industrial development in Tanzania. Some of examples of techno entrepreneurs included in the chapter are Honda the
founder of Honda factories who was just a mechanic, Iwakichi Kajima who was a carpenter and founded the Kajima
Construction Company and Bill Gates who is a Harvard University drop out and founder of Microsoft Company.
2.6 Development of Business Mind-set among the Engineers
Industrialization in Tanzania will grow significantly, if Engineers will be encouraged to develop their businesses in their
respective fields. Engineers should be sensitized to be job creators and not job seekers. It is high time we see factories
developed and managed by engineers, rather than remaining in administrative duties. To achieve that target engineers
should be encouraged to team up and form companies for other activities rather than most of us concentrating in
construction and consulting industries only. Companies dealing with consulting and construction industry should be
encouraged to diversify into other activities such as manufacturing and farming.
2.7 The Power for Brainstorming
Brainstorming is the process of discussing in order to develop ideas on how to solve problems or develop new technologies.
This is a very important ingredient in development of technologies. One success story in the power of brainstorming is that
of Thomas Edison who developed an electric lamp. Most people know Thomas Edison to be a scientist, but few know him
as a business man (Technology Broker). A Technology Broker is someone who develop or purchase technologies and sell
them to those in need. One of the Challenges which faced Edison during development of the electric bulb was connection
between the wires from the electric source and the bulb. What they made initially was connecting the bulb with the wires
using wax. When the bulb was lighted it grew hot and therefore the wax melted and therefore the light went off. During
brainstorming session on how to fix the bulb with the wire, he received an idea from one of his technicians who advised to
make a lamp holder with pin and a slot, which was similar to the holder connecting the upper part and lower part of kerosene
lamp they were using in the laboratory. With the current social networks such as WhatsApp, Facebook and U-tube, it is
possible to establish brainstorming groups which can be used effectively to develop technological ideas. However it seems
that most Tanzanians are using the same for political, entertaining and socializing purposes.
2.8 Cultivating Long Lasting Learning Culture Among Engineers and Technicians
Long lasting learning is tantamount for a society to get new ideas and therefore develop technologically. According to
Vision 2025, one of the characteristics to achieve the Industrialization goal we need, “a learning society which is confident,
learns from its own development experience and that of others and owns its own development agenda”. It is therefore very
important to develop a reading culture, making observations and asking questions even to people who are less educated. It
can be observed that study tours contributed significantly to technology transfer after the first industrial revolution. It is
believed that the first study tour was that of the Swedes visiting France and seeing how things are done and returning back
to Sweden and putting into practice what they had learned. Kiichiro Toyoda the founder of Toyota motor manufacturing
visited Ford Motor factory in Detroit U.S.A and returned back to start motor vehicle manufacturing industry.
3.0

CONCLUSIONS AND RECOMMENDATION

3.1 Conclusions
From this paper, it can be concluded that there is a need to clearly define what technology is and that change of mind-set
will enable Tanzania Engineers to play significant role in industrialization of the country.
3.2 Recommendations
The following are recommended for a more active participation of engineers in the industrialization process.
1.
Review the Technical and Engineering Curriculum to go hand in hand with Industrialization agenda
2.
Provide Basic Engineering Sciences education to provide the right tools to industrialization
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3.
Clearly define a curriculum for development of Engineers for the Industry
4.
Sensitize the society to contribute towards technological development
5.
Form brainstorming groups for different industries
6.
Build lifelong learning skills to engineers and technicians
7.
Engineers and other professionals should team up to form technological based enterprises
Carry on visits to schools and universities and enable the students to understand that engineering is not only about solving
equations but about solving problems and develop new ideas
4.0
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ABSTRACT
The deployment of Information Communication Technology in road sector has contributed positively towards achieving
the national goal of ICT for infrastructure development. However, deployment of ICT software for road infrastructure
in under developed countries has been done with duplication of efforts contributing much to software failure. This study
aimed at evaluating the effectiveness and economic values of Road Maintenance Management System in Tanzania. The
study deployed System Usability Scale Framework in 26 regions of Tanzania and Kruskal-Wallis test was used for
significance testing. The result indicated positive response of adopting and scaling Road Maintenance Management
System to all regions in the country with R2=0.863. The usability of the system remains steady for almost three years
from 2017 to 2019. The economic value of the system is found to be above average (61%) while the value for money is
found to reach 76.5% of the expectation. It is therefore concluded that the use of ICT in planning for Roads Maintenance
increase efficiency in delivery of critical factors that facilitate decision making in road planning, and also improves
specific services delivery in government efficiency.
Keywords: Road Asset Management, Perceived Usability, Perceived Effectiveness, Perceived EASY of USE,
Software Failure

1.0

INTRODUCTION

Globally, the use and application of ICT in roads sector has contributed positively towards achieving the national goals of
ICT for infrastructure development. However, Tanzania being one among African countries has been far the least
developed in ICT infrastructure and can least afford cost associated with duplication of efforts and the implementation of
flawed ICT strategies (URT, 2010, 2017). Moreover, in many instances, there is little effective software under government
ownership; many of them remain either donor funded project with premature testing or off shelf for business oriented with
little essential functionalities for the organization (Swords, 2017; URT, 2017). This has made the third world country to
be testing laboratory for non-workable ICT solutions. In order to solve this problem, it is suggested that among others
strategies, prioritization of ICT as an industrial enabler solution should be a national agenda (Pinard, 2010). These
problems have been attempted with Tanzania National Roads Agency (TANROADS) with much success in attaining ICT
for Road Infrastructure Planning and Maintenance.
The main objective of establishing ICT on Road Maintenance Management System was to optimize the use of limited
resources available for maintenance works. ICT escalate systematic approach of planning road maintenance works
program and reduces the entire transport costs through proper and timely maintenance (Mosso T, 2002).
It is noted by (Heeks, 2003) that most e-governments project in developing countries fail. Many factors play roles in this
disappointing records, including the application of inappropriate technologies, a field level disconnection between project
sponsors and government, as well as client imposing top down approach methodology of system adoption. All these add
a considerable complexity of identifying workable ICT solution for government solution (ECOTEC, 2007). It is argued
(UNWIN, 2009) that while ICT tools improve specific services delivery and government efficiency, managing the human
interactions in ICT environment requires ICT skills improvement within the organization. On the others hand, ICT is the
area which holds the most valuable returns to organization.
Following the re-organization of the Tanzanian Roads Sector and the formation of TANROADS and the Road Funds
Board in 2000, there has been a great need for a road maintenance management system to cover the whole of the national
trunk and regional roads network. The RMMS in TANROADS was initially supported with DFID where the inventory
and condition information was developed. At this phase it was passive as top-down driven demand. The system interface
was programmed but did not include analysis tools. In the beginning of 2005, TANROADS was supported by DANIDA
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under RSPS2 project which perceived the need of expanding the system to include other essential functional service of
road maintenance and planning. From this time, the need of RMMS was demand driven. The system was developed for
one year with a good mixing of human resource ranging from local engineers, local programmers and international experts
whereby the system reached full scale of use in regions. Since then, the system was improved in multi stages. For example,
in 2008, the system was rolled out to all regions with full support of top management and enforcement of human interaction
to decision tool integrated in the system. In 2011, the government of Tanzania financed the improvement of RMMS to
allow error corrections that were identified after first roll out. In 2013, the system was supported by millennium challenges
account to include data integration and sharing between headquarter and regional offices. Furthermore, the system was
enhanced to include contract monitoring for development project, and in 2015, the government of Tanzanian invested
heavily into the system to integrate Falling Weight Deflectometor (FWD) used for measuring strength of pavement.
1.1. Problem definition
Even though the RMMS was deployed and come to full operation in 2008, no much attention was given in assessing its
economic values and usefulness in terms of successes, shortcomings and whether the system is meeting the objectives of
the clients. This is considered a problem which forms a basis of this study. Therefore, this report is concerned with
answering user’s research questions: first, how usefulness is the Road Maintenance Management System to clients and
second, what is the economic value of RMMS to clients and to all citizens?
1.2. Impact of ICT in Roads sector
The impact of technology on our everyday life and economic interactions is undeniable. The ICT in conjunction with
megatrends such as globalization, climate change and urban populations are helping to transform our society and the
economic structures which formed the basis of industries since the industrial revolution (ErricSon, 2007). ICT plays both
a fundamental and a transformative role in the road sector (URT, 2017). It is further claimed (ErricSon, 2007) that the use
of technology may be as effective as tripling the physical road capacity in some cities. ICT has a critical role to play in
road‘s maintenance and planning (Zhelyazkov, 2012). Use of ICT in roads sector may significantly not only reduce traffic
congestion (Miller, 2005) but also save people life on the roads (Gifford, 2010). Well-established concepts such as
Intelligent Transport Systems, HDM4 and RONET are only one part of ICT integration in various parts of transport
infrastructure analysis. It is claimed that the ICT systems lead to higher efficiency and effectiveness, which affect
competitiveness in Transportation (Zhelyazkov, 2012). Likewise, it is argued (K. McPherson, Bennett C.R., 2005) that
key issue in using ICT tools are that no system or organizations that has static continual effort is required to improve ICT
tools at all times. This requires a dedication from the agency and particularly from the individual staff involved. In addition,
dynamic software packages are required to provide information on the current state of roads and forecast future condition.
ICT is also required to provide a sound basis for resource allocation and optimal use of funds as well as to increase the
effectiveness of management and provide savings in expenditure. Conversely, it is not practical to continue investing on
the ICT tool without carrying out any review of the system on the bases of its economic justification, usefulness as well
as its reliability to the user (Abdon G.M. Maregesi, 2012). Contrary to the benefit of ICT in road sectors, adoption of ICT
follows parted of system adoption theory. As cited by (Zhelyazkov, 2012) that the adoption rate of ICT depends upon the
company size.
1.3. Information system evaluation
The measurement of Information Systems (IS) success or effectiveness on roads maintenance is critical to our
understanding of the value and efficacy of investing on ICT decision support systems (Willcocks, 2013). The success of
IS is a complex process that embrace organization process, staff skill and Technology (K. McPherson & Bennett, 2006;
Mosso T, 2002; Petter, DeLone, & McLean, 2008). However, user satisfaction is considered one of the most important
measures of information systems success (Delone & McLean, 2003). The structure and dimension of the user satisfaction
construct are important theoretical issues that have received considerable attention and are never fully resolved (Wixom
BH, 2005 Mar;16(1):85-102.). Most literature focuses on explaining what user satisfaction is by identifying its
components, but the discussion usually suggests that user satisfaction may be single construct. For a system to scale over,
developers must plan to continually improve the user experience of services provided by the system. By tracking user
satisfaction, one can find out what users think about the service and parts of the system that disappoint (Doll WJ, 1995).
Likewise, exploring the economic value of the system to management becomes a better strategy to scale up the system. It
is argued that many information systems are at higher risk if feedback is not provided to stakeholders. However, any author
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can argue that there is no usability thermometer to tell you how usable your software or application is. The experience
shows that many systems are normally discarded without knowledge of the suppliers.
1.4. Software failure
According to many studies, failure rate of software projects is between 50% and 80%. According to the study of
projectsmart.co.uk as cited in (Rajkumar & Alagarsamy, 2013), it was found that 61.5% of all project in large companies
are challenged, 29.5% fail while 9% succeed. For Medium companies, almost 46.7% of project is challenged, 37.1% fail
while 16.2% succeed. Likewise, in small company, 50.4% of the project is challenged, 21.6% fails while 28 % succeed.
Many literatures have quoted many overlapping factors that contribute to software failure (Hussain & Mkpojiogu, 2016;
Swords, 2017). These include lack of customers or user involvements, unclear goals and unrealistic objective, poor
requirements specifications, lack of resources, failure to communicate, poor project planning and schedule, cost estimation,
as well as poor testing and evaluation (Rajkumar & Alagarsamy, 2013; Willcocks, 2013).
According to author experience, poor testing accounts for major part of project failure. This is because while project
managers are interested on delivery on time and maximization of the project profit, the system test is considered double
work, hence time consuming. Testing needs to be smart enough and be focused on achieving specifications and future
project integration. Often lack of tester and their poor skills and knowledge will make the project unsuccessful (Charette,
2005). According to (Cerpa & Verner, 2009), software failure is due to testing and evaluation.
In literature, several theories have been proposed to explain the phenomenon for software project failure. These include
self-justification theory, prospect theory, agency theory and approach avoidance theory (Keil, Rai, Mann, & Zhang, 2003).
Study by (Hussain & Mkpojiogu, 2016) avail that most software failure are mainly due to inadequate requirements
specification. However, it is well recognized that ICT facilitates the “integration of supply chain activities which enables
the seamless globalization of services and can afford greater specialization for the service (Willcocks, 2013). Indeed, the
innovative use of ICT in the supply chain context can triple the profit of business organization (Goh, 2011).
2.0

METHODOLOGY

2.1 Study area and Design
This study was carried out in Tanzania where participants were from 26 regions of mainland. The study was a cohort study
of six years. The questionnaire was developed using five-item scale expected to give a global view of subjective
assessments of usability. The System Usability Scale (SUS) questionnaire was in the form of Likert scale. Other more
questionnaires were designed to cater for three dimension of information system acceptance model. The SUS was used to
measure Perceived Usability (PE) and statistical test was done using Kruskal-Wallis equality test (One-Way ANOVA on
ranks). On the other hand, Perceived Effectiveness (PE) was measured using four items as proposed by IS Success Model
(Delone & McLean, 2003). In order to measure reliability of the items a Cronbach’s alpha was used to assess the reliability.

0.7048 indicating a satisfactory measure of the
The resulting α coefficient of reliability ranged from 0.6227
concept. The summary of the reliability shows that Average Interterm Covariance: 0.116181, Number of items in the scale:
24 and Scale reliability coefficient: 0.7048.
2.2 Framework for Measuring Economic value of RMMS
It is argued (Kanaracus, 2008) that in this arena of ICT, organizations continue to increase spending on Information
Technology (IT) and their budgets continue to rise, even in the face of potential economic downturns. The fear about
condition and increasing completion create pressure to cut costs which require organization to measure and examine the
benefits and cost of technology.
The impacts of IT are often indirect and influenced by human, organizational and environmental factors; therefore,
measurement of information systems (IS) success is both complex and illusive. Conversely, to measure the success of
these various IS, organizations are moving beyond traditional financial measures such as return on investment. In order to
measure economic value of the RMMS, three models were adopted including System Usability Scale (SUS), Technology
Acceptance Model (TAM) and Information System Model (IS). The items of each model is as presented in Figure 1.
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Effectiveness - PE
Perceived Usability (PU)

1. I can effectively complete my work using RMMS

1. I think that I would like to use RMMS system frequently

2. I belive I become productive quickly using RMMS

2. I found the RMMS System unnecessarily complex.

3. It is easy to find what i need from RMMS

3. I think/feel the RMMS system is easy to use.

4. The information is effective in helping me
complete the task and my boss request.

4. I think that I would need the support of a technical person to be
able to use RMMS system.
5. I found the various services in RMMS system were well
integrated.

SUS, IS, TAM

6. I think there are too much inconsistency in RMMS system.
7. I would imagine that many Department would learn to use RMMS
system very quickly

Perceived ease-of-use ((PEOU)
1. The interface of the system is pleasant

8. I found the system very cumbersome to use
9. I felt very confident using the RMMS system

2. I would recommend others road planer like
local government to use RMMS

10. I needed to learn a lot of things before I could get going with
RMMS system

3. I found errors message annoying and not
relevant for guiding me
4. I found the RMMS system unnecessary
complex and very cumbersome to use
5. Overall I am satisfied with RMMS

Figure 1: A mixed Framework evaluation
3.0

RESULTS AND DISCUSSION

Table 1 Present the characteristics of respondents for six years. The results indicate that 4.85% of respondents had more
than five years of the experience while 6.54% had less than one years of working experience using RMMS.
Table 1 Characteristics of respondent per year

%

Fre

%

Fre

2

3.85

2

2

18

9.68

9

8.18

2

4.44

2

4.76

35

6.54

1 to3 year

14

26.92

26

26

29

15.59

26

23.64

6

13.34

9

21.43

110

20.56

3- 5 year

13

25

30

30

43

23.12

22

20

15

33.33

11

26.19

134

25.05

Above 5 Year

23

44.23

42

42

96

51.61

48

48.18

22

48.89

20

47.62

256

47.85

Total

52

100

100

100

186

100

105

100

45

100

42

100

535

100

%

Fre

Total

Less than 1 year

%

Fre

2019

%

2018

Fre

2017

%

2016

Fre

2015

%

2013
Fre

Experience of
using RMMS

Table 2 presents the frequency use of RMMS. The results show that 71.46 % of respondents frequently use RMMS while
28.54% do not much use the system. There are several reasons for not frequently using RMMS. First, it is the fact that
RMMS is a standalone while some users would prefer web based application. Second, there is lack of some module such
as bridges system and environmental. Moreover, the integration of RMMS with others system is not effective.
Table 2. Frequency use of RMMS
Do you Frequently use RMMS
No
Yes
Total

Fre.
153
383
536

Percent
28.54
71.46
100

3.1 Perceived Usability (PU)
Based on the computation method of SUS in the following formula:
10

Ri

5 Score

i 2,4,6..

9

Score 1

i 1,3,5
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The SUS value is an average of total score of each respondent computed as follows
N

SUS

2.5 Ri

N 1

N

N

59

Where:
SUS= SUS Value
Score=Rating value
N = Total number of respondents
Ri= Rating score for individual person
Efficiency and usability of RMMS was measured in different point of a year while keeping the same questions. The results
for six year show that there is positive response of the usability of RMMS. The model shows a coefficient of 5.363 and
coefficient of determinationR2 = 0.863. For introducing in-house development software, the result is not surprising.
This is because the development curve vary yearly. Every time new specification is provided and may take some times
before being rolled out. From the SUS Measurement, there is a drop of usability between 2015 and 2016. This can be
explained as the time the system was subjected to major development changes on handling VAT in the system.
Nevertheless, the usability growth in year 2017 to early 2019 can be said to be the time the system was improved to work
in modular fashion.

71.2
70.2
Level of Effectiveness i %

68.4

63.7

64.11

2013

2015

2016

62

63.7

64.11

y = 5.3632ln(x) + 60.721
R² = 0.8635

62

SUS

Year

2017

2018

2019

68.4

70.2

71.2

Figure 3 RMMs Usability using SUS
Figure 3 presents the summary of the usability in each year. It indicates that the mean of the usability was high in 2013
and 2016 while low in 2019. Despite the SUS score , difference of usability in 6 year of implementation of the system was
tested. The kuskal–wallis test by rank /One way–Anova was conducted. The results indicates that the comparison of
usability between years was statistically significant with chi-Squit of 26.919 with 5 d.f having a probability of 0.0001 (<
0.005). This implies that the usability between years was significantly different.
Table 3 Comparison of Usability of Software by Year
Year
Observation
Rank Sum
Ch-square
2013
52
15638.0
2015
100
22594.0
26.919
2016
184
55573.0
2017
111
29732.0
2018
45
10469.0
2019
42
8839.0

P-value
<0.001

Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|10

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania
3.2 Perceived Effectiveness (PE)
Effectiveness is about extent to which a system may be expected to achieve its objectives within its specified environment.
System effectiveness is there for a function of system availability, capability, and dependability. Effectiveness of the
system my influence its acceptance. There are many factors that affect system effectiveness. These include accuracy,
range, invulnerability to countermeasures, operational simplicity space and weight requirements, input power
requirements, input information requirements and requirements for environments. The effectiveness of RMMS was
measured using 5 related questions that probe to give responses related to how fast the system assists in completing a task.
The probing questions featured in the following concept: How the system effectively assists in completing the task? How
staff become productive when using the system? How the system assists in answering ad hock query? How effective is
the system in searching related information needed by user? The average of each item in relation to effectiveness are
shown in Table 4. In short, the mean value of each item related to effectiveness was higher above average ranging from
4.209 to 4.309.
Table 4 summary of items related to effectiveness
Variable

observation

Mean

std.Dev

Min

Max

536
536

4.226

0.898

1

5

Productive

4.309

0.885

1

5

Find Needs

536

4.256

0.915

1

5

Completeness

536

4.209

0.916

1

5

Effectiveness

When e Kruskal-Wallis equality test of effectiveness across the six years was applied to the data, the result showed that
the mean of effectiveness in each year was not significantly different (Chi-square = 3.270, df = 5; P-value = 0.6584).
3.3 Perceived Ease of Use (PEOU)
The concept of usability is about how easy the system can be used with minimum support. Easy of use is all about
learnability of human made tool. In software engineering, it is a degree to which software can be used by specific
consumers to achieve quantified objective with effectiveness, efficiency and satisfaction in quantified context of use.
Usability considers user satisfaction and utility as quality components and aims to improve user experience through
iterative design (Nielsen, 2012). The main concern in this section is “System Ease of use”. Any application should solve
a problem, fill a need or offer something people find useful. In fact, people are willing to put up with poor usability if an
application delivers something of great perceived value.
To measure easy of use, we adopted five questions customized from Lud on measuring EASY of USE (Lund,2015).These
questions dwells on measuring how pleasant is the designed interface of the system, find how the user recommends the
system to other stakholders and detemine how the system handle errors in case of fault. Others include how cumbusome
the system is and find out the overall satisfaction of the user. The literature show that errors is among the annoying factors
that demoralize ease of use of many systems. A system that shutdown when an error occurs during the process is very
annoying. Error is spontaneous and must be controlled whenever it occurs. Table 5 summarizes the items which measures
the easy to use of the software.
Table 5 Summary of items related to the Easy Use.
Variable
observation Mean std.Dev
Pleasant
536
3.987
1.031
Recommend
536
4.164
1.148
Error annoying
536
2.660
1.299
Cumbersome
536
2.565
1.471
Satisfied
536
4.198
1.070

Min
1
1
1
1

Max
5
5
5
5

The results show that, on average, more participants were more satisfied with the software. Cumbersome and error anoying
are items with low mean which means that majority of participants have opinion that the software is not cumbersome and
not anoying. The failure of deployment of software may arise from internal. It is argued (Gifford, 2010) that internal
political constrain may prevent the firm from fully utilizing its investment. This was not observed in the implementation
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of RMMS as in almost every year, the top management plans for financing the development of the system. Commitment
of the specialized users count as the critical success of the system to the region, hence minimizes the implementation
failure. The specialized group does organized test occasionally. Doing so, reduces the number of error in the system.
3.4 Economic value of RMMS
Measuring the benefit derived from Software deployment or its values as realized by user is one of the primary challenge
in IT organizations. This applies whether an organization purchased a product or use in-house developed software. To
realize the economic values, the software should be efficient. That is client should install and use it to maximize business
agility. It is noted that many systems in government fails within one year of their installation. It is common to find a system
which cost much the organization was installed in the agency but never being used. Installing without using the software
system is not efficient use of funds; it is also not possible to demonstrate the value for money of the software system. The
client realizes the economic value of software in threefold:
i.

To save money on existing, projected and future requirements. We argue that uses of databases system do to assist
in storing and retrieving data on required time. The response of one of the respondent was quoted saying:
“Producing evaluation sheet for several contracts was not easier before using RMMS. It could take us 3 to 4
days but now once you have all data into the system, you just click and get the evaluation sheet with a certificate.
Things are even getting better because we can retrieve back both a certificate and its associated evaluation
sheet at any time. Moreover, CMM has been simplified for producing reports. We can select a financial year
and produce all reports for R1, R2, R4 and others more.”

ii.

Delivering productivity, gaining from ongoing activities by reducing expenses and increasing staff productivities.
It is noted that the use of RMMs has reduced biasness in road asset prioritization for maintenance. The quotation
of one respondent concerning prioritization of maintenance is summarized as follows:
“RMMS has reduced biasness in budget allocation at regional level. This is very significant for equal
development of roads in the region. We need each region to feel that it has equal representation in national
budget in road maintenance.

iii.

Delivering IT Innovation to client line of business to enable client gain and maintain competitiveness advantage.
The quotation of the respondent concerning the economic values of RMMS is summarized as follows:
“RMMS has been of very values to us, before deployment of RMMs we used to do planning from December
to February. At all this period, it was a headache to human resource. Many staff were involved, including
drivers but now once data are collected and entered into the system, it is a matter of clicking to have a
presentable report. We have reduced much on human resource and even cost of fuels. Likewise, we have
reduced tension of staff in the directorate of planning”

Table 6 summarizes the economic value of RMMS. The results on the economic value of RMMS indicates that s 61.0%
of the respondents perceived the system as of very economic, 25.2 % found somehow economic while 13.8% found less
economical.
Table 6: Economic value of RMMS
Economic value of RMMS
Is of very economic
It is economic
Not of much economic
Total

Number

Percentage

327
135
74
536

61.0
25.2
13.8
100

Table 7 presents the responsive of the RMMS systems and value for money. The results indicate that 51.68% respondents
found the system to be very responsive to their query while 16.6 % found it less responsive. Nevertheless, 41.8% of the
respondents found the system to be of very valuable while 23.5% perceived it as less value.
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Table 7: Responsive of the RMMS system and value for money
Item
Responsive does the RMMS system been to concern
Neither
Very responsive
Responsive
Total
How would you rate the value for money
Less valuable
Is of very valuable
Somehow valuable
Total
4.0

Number

Percentage

89
277
170
536

16.6
51.7
31.7
100

126
224
186
536

23.5
41.8
34.7
100

CONCLUSION AND RECOMMENDATION

From the study, it can be concluded that there is higher adoption and accesptance of RMMS as ICT decsion suport tool
in planing and improving quality nation roads network. The key benefits realised in RMMS can be summarised as
efficiency: that is greater effciency in delivery of critical reports facilitate decsion making and enhance road networks
planing as well as improving intra-organization service; cost effectives: that is reducing time of production, increasing the
productivity and releasing staff’s tension on had hock queries; accountability: that is increasing greater transparency in
budget allocation, fund distribution among implementing units; responsivesnes: that is the system increases responsiveness
of planner departments in meeting the polotical demands by providing realistic and well formed conclusion of road
networks planing strategies.
The following are some recommendation put forward in improving RMMS for the benfits of goverments.The
implementation of IT infrastructure tools is an endless process that continues to demand for further improvement. More
efforts should be put in building robust system to enable the planing department continues benefiting the IT decsion
support tool. In addition, more analysitcal and mathematical models need to be developed and intergrated into RMMS.
Likewise, more services suchas online report generation, enabling online access as well as mobile access of the system
need to be considred in RMMS.
5.0
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DATA INSECURITY VULNERABILITIES: STUDY ON AFRICAN DATA PROTECTION LANDSCAPE
WITH THE TECHNOLOGY EVOLUTION
D.N. Waithanji3
Jomo Kenyatta University of Science and Technology,
P.O. Box 62 000–00200
Nairobi, Kenya
ABSTRACT
Around 2.5 billion additional individuals will be living in cities by 2050, a new UN report suggests.
In an African context, big data, Internet of Things and artificial intelligence have the potential to
benefit the economy, the environment, and the public good hence enhance sustainability. The security
of data collected by the devices and applications is vital. This research was carried out to show the
potential threats to devices as smart cities and the use of artificial intelligence evolve. Data protection
ensures that a person’s rights and freedom are not violated. The objective of this research is to test
the knowledge of users with regards to data protection, the organizations’ adoption to information
security and the governments’ readiness to adopt cybersecurity. The methodology used was interviews
and research on the internet. There is still a major gap in data protection in the devices used caused
by reluctance to adopt to data protection laws by the governments and users are not aware about data
protection. This research defines smart cities, artificial intelligence and vulnerabilities. It then
identifies potential data insecurity vulnerabilities facing smart cities and artificial intelligence
evolution in an African perspective. The paper goes on to state on ways to mitigate the vulnerabilities
stated in order to ensure data security. It also states the solutions in a simplified model to ensure the
makers of the devices and applications, and the users of the devices (and applications) understand the
importance of cybersecurity and how to ensure data security. The government and the C-Suite have a
role in ensuring data protection to their citizens and customers. In Europe, there are the General Data
Protection Regulations (GDPR). This research can be used by policy makers, engineers, developers,
users of the system and students.
Keywords: Artificial Intelligence, Applications, Data security, Smart cities, Vulnerabilities
1.0

INTRODUCTION

Cities have the potential of becoming areas of innovation because they have the capacity in terms of a vibrant and creative
human resources and access to the necessary infrastructure. With regards to the Sustainable Development Goals, smart
cities have been a key discussion since they will enhance climate action, inclusivity, industrial revolution and
sustainability. Artificial Intelligence is amongst the emerging technologies in the fourth industrial revolution. Smart Cities
incorporate technology that is big data, artificial intelligence, Internet of Things among other technologies in order to help
achieve sustainable development goals.
The British Standards Institute (BSI) defines smart cities as ‘the effective integration of physical, digital and human
systems in the built environment to deliver sustainable, prosperous and inclusive future for its citizens’ (British Standards
Institute 2015). Cisco defines the term as those cities that adopt ‘scalable solutions that take advantage of information and
communications technology (ICT) to increase efficiencies, reduce costs, and enhance the quality of life’ (Communities
and Falconer 2012). The integrative framework of smart cities includes policy context, management and organization,
people and communities, technology, economy, built infrastructure, governance and natural environment (Chourabi et al.
2012). Artificial intelligence is the simulation of human intelligence and it includes big data. Notable smart cities initiatives
in Africa include sensor car parking systems, e-government services, free Wi-Fi, cashless bus payment services, solar
powered neighbourhoods and collecting data. Both smart cities and artificial intelligence use data collected from people.
Smart systems utilize Internet of Things (IoT) technologies. Data protection is a fundamental human right and most users
are not aware of the potential of the data collected from these devices and the threats faced. Users are likely to face phishing
attacks hence need to be educated. The developers of the systems may ignore security features while coming up with the
system. With integrated systems, other applications give other applications permissions to access information they don’t
need hence putting the user’s information at risk, they also collect data and use it for other purposes. This makes it prone
to hackers. The objective of this paper is to identify data protection methods in the era of technology evolution.
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2.0

METHODOLOGY

The method used in this research was interviews with various individuals and research from the internet. The research had
109 respondents through use of questionnaires. the questionnaires objective was to capture the knowledge level of the
respondents with regards to data security. This was qualitative method of research.
3.0

VULNERABILITIES

In this digital era, the illiterate are more affected by misuse of data compared to the literate. This paper focused the data
insecurity vulnerabilities faced by smart cities and Artificial Intelligence evolution. Smart Cities and Artificial Intelligence
evolution means use of mobile applications that are IoT enabled is on the rise. Some of these applications contain smart
exploits hence leading to data insecurity vulnerabilities. This research found out that some people are not aware of data
privacy and the importance of data protection. Owners of these mobile applications sell data to advertising companies,
research companies which is illegal. Data privacy has been an issue with adoption of the General Data Protection Rules
(GDPR) by the European Union. Data Privacy is a human right. To overcome 21st Century challenges, the government
should enact data protection policies and organizations should adopt these policies
3.1

Vulnerabilities facing data collected by devices

3.2 SQL injection security vulnerability
Attackers may execute malicious SQL statements to control a database server behind a web application. They will be able
to access personal data, trade secrets, intellectual property among others.
3.3 Phishing attacks
This is a social engineering attack where the attacker masquerades as a trusted entity to access user credentials.
3.4 Data Manipulation
If data manipulation goes undetected in the systems, hence having disastrous consequences. Classification-based machine
algorithms work by finding patterns in its data source. Identifying the algorithm’s data source or training method could be
a valuable avenue for hackers.
3.5 Data leaks
Companies purchase AI devices to add into their systems without knowing the source of the code. This poses a risk to the
data collected.
3.6 Smart App Exploits
Devices used in smart cities are likely to use integrated apps. These apps have permissions to access each other’s data
hence posing a data security threat in terms of identity theft, access to codes of the security systems etc.
3.7 Higher costs
Some hackers attack systems with no aim other than to get a ransom out of it. There is also a likelihood of lawsuits if there
is no protection of the data, for example, implementation of the General Data Protection Rules (GDPR) in Europe has
ensured that most developers are conscious of the data protection they get from consumers.
3.8

Solutions to the data insecurity

3.8.1 Input Validation and parameterized queries
The application code should never use the input directly. The developer must sanitize all input, not only web form inputs
such as login forms. They must remove potential malicious code elements such as single quotes. It is also a good idea to
turn off the visibility of database errors on your production sites. Database errors can be used with SQL Injection to gain
information about your database
3.9 User awareness
Users should be aware of the implementation of the systems to avoid attacks such as phishing.
3.10 Government policies
The governments should implement data protection laws to protect the data of their citizens, hence protecting their rights.
3.11 Avoiding data leaks
Companies policies should be implemented to ensure that systems purchased from other vendors have traceable code. This
prevents a malicious attack.
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4.0

DATA SECURITY TECHNIQUES

The level of cyber safety awareness by users is low with the increase use of the devices that mine data every minute. There
is need to use an evidence-based approach while informing users on cyber safety. (de Bruijn and Janssen 2017) Data
collected from these systems is used to personalize suggestions to keep users engaged and sold to advertising companies
or competitive research firms. This violates the rights. Users are prone to phishing attacks and they can be avoided by
reporting suspicious activities, installing firewalls, installing anti-virus programs, picking strong passwords, avoiding the
use of removable media and implementation of company procedures. The key to data security is user awareness as users
are the main factor of the system.
The governments have the mandate of achieving Sustainable Development Goals and this will be through empowering
their citizens and creating safe spaces for them to be more innovative. Data protections will ensure that data is used in
specifically provided ways, stored for the maximus period provided, used in the relevant ways, kept safe and secure and
used within the law. This will ensure that the organizations comply with the law. The organization leaders, that is, C-Suite
have a key role in ensuring that their organizations adopt to the information security strategies.
Table 1: Solutions of data insecurity
Solution
1. Input Validation and parameterized queries
2. User awareness
3. Government policies
4. Avoiding data leaks

Responsible entity
Developers
Developers, Government
Government
CEOs

The above table shows the users of the systems on who is tasked with the responsibility of ensuring data protection. The
key players in this research are the users, developers and the government. All of them owe each other a ‘duty of care’.
5.0

CONCLUSION

There exist potential vulnerabilities to smart cities and artificial intelligence evolution which can be curbed. These threats
include SQL injections, phishing attacks, data manipulation, data leaks, smart app exploits and higher costs. These threats
can be curbed through inputting validation and parameterized queries, user awareness, government policies and avoiding
data leaks. Data security is important as data collection is a key aspect in smart cities and artificial intelligence, to achieve
this evolution let us all use the mechanisms stated in this paper to protect data.
6.0
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ABSTRACT
Following the 2016 Kagera earthquake, several buildings suffered major damages while others did not
show any sign of distress. To aid in identification of buildings safe for occupancy as well as monitoring
earthquake aftershocks, wireless sensor network of ten accelerometer stations were deployed in the
selected buildings. Real time acceleration data were collected from the stations to the web based
database server. Analysing data collected using Fast Fourier transform and other signal processing
methods, general decrease in frequency of vibration for the damaged buildings as well as increase in
building vibration modes were observed via peaks at several frequencies. Changes in building vibration
frequencies were comparable to building damages observed through visual inspections and thus
opening the window for consideration of using wireless sensor data during future earthquake related
emergency as a proxy for identifying damaged buildings for safe occupancy.
Keywords: Earthquake building damage, earthquake building damage analysis, building natural
frequency of vibration, acceleration time series, spectral amplitude
1.0

BACKGROUND INFORMATION

The earthquake of magnitude 5.9 struck Tanzania near the Uganda border on 10 th September, 2016 with an epicenter
located at about 40 km northwest of Bukoba municipality in Kagera region at the shores of Lake Victoria (Figure 1).

Figure 1: Location of earthquake epicentre and its strong shaking region
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During the emergency response, rapid and accurate assessment of the building damage condition or performance of a
building was of paramount importance to building owners, leasers, permanent and/or temporary occupants. Also,
Government officials and rescue teams were concerned with safety of communities which had been affected by earthquake
impacts. The answers to key questions such as are there visible or hidden damage? does the damage threaten other
neighbouring structures? and can the structure be occupied immediately without compromising life safety or is life safety
questionable? were required.
Authors of the paper as part of DIT expert team had a role to play in providing some answers for the emergency related
key questions, by deploying a wireless accelerometer sensor network to collect vibration data in buildings and other
identified emergency sites. This paper presents the findings for the assessments conducted in residential homes, motel,
stone blasting area and NSSF building.
2.0

LITERATURE

Commonly, after a natural disaster like an earthquake, structures may be seriously or slightly damaged, so it is very
important to conduct rapid assessment for soundness of building structures for occupancy. When damages are visible, it
is easy to maintain the health safety status by avoiding general occupancy of the building, but when there is no visual
damage, it is difficult to know if the building is safe for occupancy. Buildings with no visual damages may bring about
second disaster if they undergo sudden collapse while occupied. Structural health monitoring systems are normally
deployed in disaster areas during emergency period to measure changes of building natural frequency, vibration mode and
stiffness as a proxy for building damage status [1]-[7], [11], [14].
Many authors have showed that the damaging process in buildings during earthquakes produces a permanent loss of
structural stiffness and then a permanent increase of the fundamental period [5]-[7]. During 1999 Athens earthquake,
elongation of period was observed in RC buildings for ground acceleration equal to 0.05g [10]. Data collected during the
L'Aquila, 2009, and Emilia earthquake showed that strong motion in the range 0.01 g to 0.30 g caused temporary period
shifts up to 30% when no damage (or increase of it) was observed, while permanent period elongation was associate to
damage [8]-[9]. After Lorca 2011 earthquake, 34 RC buildings with different damage degree were measured in Lorca
town. The results showed that the natural period of damaged buildings (T*) increases with the number of storey (N) and
damage level when comparing the results obtained for the same 23 buildings measured in Lorca before and after the
earthquake [7]. In line to the literature, the study apply the research findings on the 2016 Kagera earthquake by exploring
the dynamic changes of frequency/period of damaged building to aid in classifications of building state for occupancy.
3.0

STUDY AREA AND STRUCTURES

Due the need for rapid assessment, only Bukoba Municipality and part of Rural Bukoba district were surveyed for this
study. Due to absence of documentations for building design as well as seismic code for the region, the assessments were
performed without reference to background information or remedial structural measure, perceived by affected population.
Based on early studies performed by Kagera region emergency team following the earthquake, the most affected area
included the residential houses and school infrastructures in Bukoba municipality and Bukoba Rural District (Figure 2 and
3). The sites selected for this study included Nyakanyasi, Hamugembe A and B, Kilimahewa, Mtakuja, Nyakato and
Iyungo Secondary schools. For the multi-story building, the Kagera regional NSSF commercial building was also visited.
Also, Prince IP Motel was investigated as a one stole commercial building hosting most earthquake emergency response
team.
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Figure 2: Earthquake affected wards visited during this study Bukoba Municipal District

Figure 3: Earthquake affected wards visited during this study Bukoba Rural district (source. [13])

Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|20

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania
4.0

METHODOLOGY AND APPROACH

With the main objective of assessing the condition of damaged buildings in order to determine the safety of occupancy of
the buildings, visual inspections of structural elements, as well as real-time monitoring of vibrations in the damaged
buildings using accelerometer sensors were the methodologies utilized in this assessment. Visual observations included
inspection of structures inside and outside to identify the presence or absence of the structural element damage. Broad
knowledge in structural engineering, concrete materials, and construction methods were employed to extract the most
required information from visual inspection. . Figure 3 indicates visual Inspection of Earthquake Partially Damaged
Building.

Figure 3: Visual Inspection of Earthquake Partially Damaged Building. Red star being areas of interests
For measuring earthquake residual vibrations or aftershocks if any, wireless network of accelerometer sensors were
installed in selected buildings as shown in Figure 4. To measure ground vibrations in the most affected areas, sensors were
moved from site to site after around 30 minutes of recording, but in some selected buildings the sensors were retained for
continuous monitoring of vibrations for more than one hour.

Figure 4: Instrumentation installed by DIT Team in Bukoba Urban District, Kagera Region
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Area covered by wireless sensor network in Urban Bukoba and rural Bukoba districts were Nyakanyasi, Hamugembe A,
Hamugembe B, Kilimahewa, Mtakuja, Nyakato and Iyungo. One accelerometer sensor was also installed for continuous
monitoring in Prince IP Motel building as it represented one of building with most occupancy during the emergency period
in the region.
Also, some sensors were installed in houses closer to stone blasting site to measure the level of vibrations being induced
to the houses. Stone blasting was carried out during earthquake emergency period to rescue houses that was rolled over
by huge stone during earthquake vibration and that blocked access to families affected by the earthquake. Real time data
from the sensors were collected by online server for further analysis. Also, the real-time ground vibrations detected by the
sensors were observed on the on-site screen for immediate action if the level goes beyond the pre-set threshold level.
The fast Fourier transform (FFT) was applied to the recorded data in order to calculate the frequency of building vibration
and acceleration spectral characteristics.
.
RESULTS AND DISCUSSIONS
The visual observation and vibration measurement related results are presented and discussed in this section.
4.1

Results from Visual Inspection

Visual observation indicated varying level of damages for the visited sites that were different from the same locality
depending on the location, use of the building, types of construction material and methods of construction (Figure 5).

Figure 5: Damages to building that varies according to construction material type
According to Figure 5, building constructed from locally made fire bricks without cement filling, utilizing local man ship
(Fig 5a), were heavily damaged. Building constructed using fire bricks with cemented joints and utilizing some civil type
labour man ship did not suffer complete collapse (Fig.5b and 5d). That is, material used and type man ship in construction
of building played a great role in the performance of building during the 2016 Kagera earthquake.
5.2 Results from Vibration Observations
For a tested one storey building in Nyakanyasi ward, Figure 6 shows records of the acceleration data of 8 th October 2016.

Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|22

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania

Figure 6: Sample acceleration data for Damaged Building in Nyakanyasi ward building
The recorded data are dominated by the high-frequency energy spikes that represent changes in fundamental oscillation
modes of the structure during the testing. The frequency of vibration for the microtremor data recorded was about 5.87
Hz, which is low than the expected natural frequency of about 10 Hz for single story building.
Sample vibration data recorded in building closer to the stone blasting area in Hamugembe is shown in Figure 7.

Figure 7: Vibrations from Building closer to stone blasting in Hamugembe
Figure 7 indicate that, the dominant frequency of the building was about 1.7 Hz, which is a decrease of about 8 Hz from
the normal 10 Hz for single storey building. Sample acceleration data recorded in two days are shown in Figure 8.
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More acceleration data recorded from other buildings within the stone blasting zone revealed the dominant frequency
below 2 Hz for damaged houses. Generally, all recorded data shows stronger bursts of continuous high-frequency signal,
which are normally related to damages into some building parameters.

Figure 8: More data recorded in buildings during stone blasting
Data recorded inside the Prince IP Motel building in Bukoba municipal, that suffered minor damages not life threatening,
is shown in Figure 9. The bursts of high-frequency structural oscillations were clearly observed with peak amplitudes as
high as 0.16%g.

Figure 9: Recorded data in the Prince IP Motel on 8/10/2016
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This building (Figure 9) suffered minor plaster cracks and at the time of observation it was already repaired, as can be
observed from the decrease in its natural frequency data (from 10 Hz to 9.36 Hz).
Vibration recording results for four storey NSSF building in Bukoba Municipal are shown in Figure 10, whereby peaks in
acceleration amplitude at very low microtremor vibration frequencies were observed during the recording period. From
the spectral amplitude and spectral density data, the frequency of vibrations was as low as 0.7 Hz and not the expected 5
Hz for such type of building.

Figure 10: Acceleration data for NSSF Building in Bukoba
5.0

CONCLUSION AND RECOMMENDATIONS

Building construction without enforcement to clearly established building codes was the key factor to the experience
earthquake damages. Methods of building construction in the affected area lack basic resistance to earthquake forces.
Adherence to building codes will not prevent all damage in moderate or large earthquakes, but life threatening collapses
can be prevented, and the resulted damage limited to repairable proportions as observed in some buildings where adherence
was relatively considered. That is, 2016 Kagera event has shed lights toward development of building codes with
appropriate seismic design and construction standards affordable in the earthquake prone areas in Tanzania.
Learning also from the community affected by the earthquake, lack of earthquake awareness was limited in the community.
It is high time for community and responsible authorities in Tanzania to raise awareness on the possibility for occurrence
of earthquakes in their area. The awareness should include what to do in the first place when the earthquake event has
occurred. The affected community should have a clear knowledge on how to react against such event while the responsible
authorities should have very clear procedures to ensure the safety of the communities in the first place.
Being in earthquake vulnerable regions, community dwellers must also be educated to participate in monitoring the
earthquake, by hosting sensors that monitor their homes and possibly provide data that can help emergency response team
to make evacuation decisions in future earthquakes. That is, commercial and residential buildings should be equipped
with structural health monitoring instrumentations for better live savings.
It is also high time for responsible authority to establish the building code which will point out type of buildings and
typical methods of construction offering basic resistance to earthquake forces. Under developed code the resistance to
earthquake forces should be achieved through simple, inexpensive principles of good building construction practice to suit
low income earning people in our community. The policy should also be in place to ensure adherence to these simple rules
to prevent life threatening collapses while limiting damage to repairable condition as it is not possible to prevent all damage
in moderate or large earthquakes.
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7.0
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ABSTRACT
Tanzania is a relatively large country in East Africa shares its borders with Kenya, Uganda, Rwanda, Zambia,
Malawi, Mozambique, Burundi and the Democratic Republic of the Congo. Tanzania is the 13th largest in Africa
and most populous East African country with a total population of 56.3 million (2018), and a population density of
land area of approximately 63.6 people per square kilometre.4Transport connectivity is an essential part of the
enabling environment for inclusive and sustained growth in many developing countries. Therefore, Engineers and
Planners need to study changes in the composition of the population whilst planning transport connectivity in
relation to education, health care services and economic development projects. Such studies lend themselves to
principles such as the Accessibility Index (AI). Tanzania has two major agencies responsible for road network;
Tanzania National Roads Agency (TANROADS) and Tanzania Rural and Urban Roads Agency (TARURA).
TANROADS is responsible for (National Roads) having a road network of 36,000 Km (2017). TARURA is
responsible for (District Roads) and has a road network of 127,589 Km (2018)5. These two agencies constitute the
main transport connectivity entities in Tanzania. This paper is about an AI study that was carried out with a
principle objective to identify a transport network comprising both District Roads and National Roads that will
show the travel time on accessing the roads and populations served by each road as a catchment depending on the
land slope, walking speed for a human behaviour with an assumption of all roads being in good condition. The
Rural Accessibility Index (RAI), which is linked to the AI, measures the number of rural dwellers who live within
two kilometres of an all-season road.6. The AI in this paper goes beyond the RAI by estimating the proportion of
the population which has access to the roads depending on both population distribution and the spatial relationship
to the associated road networks with both elements plotted graphically using GIS techniques to measure and
quantify the effects7 The population catchment slope was derived under consideration of walking speed with
calculation from a Tobler Hiking function, which involved slope and cell by cell distance calculation, travel time,
cost distance and cost allocation which were derived in a projected Universal Transverse Mercator (UTM). The
AI approach is so far being used by TARURA for population allocation within the road as one among the other
factors in Multi-criteria analysis (MCA) for prioritization of road maintenance needs.
Keywords: Accessibility index, Geographical Information System (GIS), Population, Population density, Tanzania

1.0

INTRODUCTION

An understanding of the distribution of population throughout the country is a fundamental input to any assessment of
accessibility and the associated development of road networks for improvement of the access situation. A quantified
understanding of population densities and distribution provides valuable input to the identification of new road alignments.
Unequal access to services is a major barrier to sustainable development. The United Nation’s Universal Declaration of
Human Rights (UDHR), Article 21 section (2) declares that “Everyone has the right of equal access to public service in
his country”8, The Sustainable Development Goals adopted in 2015 by UN emphasize the importance of equal and
universal access to education, health, social protection, and energy in their goals, visions, and agenda. Working to provide
such access will therefore be a crucial component to alleviate poverty and boost human development over the next 15
years.
1.1 Relationship between Population and Road Network
The Sustainable Development Goals (SDGs) aim to build resilient infrastructure, promote inclusive and sustainable
industrialization, and foster innovation (Goal 9), for which Target 9.1 is to develop quality, reliable, sustainable and
resilient infrastructure to support economic development and human well-being, with a focus on affordable and equitable
access for all.9 The Accessibility Index (AI) is proposed as an indicator to measure this target. The Rural Access Index
(RAI), developed by Roberts, Shyam, and Rastogi (2006), is among the most important global development indicators in
the transport sector. It measures the fraction of people who have access to an all-season road within a walking distance of
approximately 2 kilometres (km) 10Accessibility index for population studies shows how individuals can move from one
point to another for access by walking. The subject of this paper is limited to how people move or access road network by
4

https://databank.worldbank.org/views/reports/reportwidget.aspx?Report_Name=CountryProfile&Id=b450fd57&tbar=y&dd=y&inf=
n&zm=n&country=TZA
5 DROMAS 2 Map-June 2019-http://dromas.tarura.go.tz/dromas_map
6 THE WORLD BANK GROUP. P. Roberts (2006). Rural Access Index: A Key Development Indicator: Transport Sector Board
7 Prashant Malla, S. N. Expansion, “Chapter 7 7.1 7,” no. April, 2007.
8 T. G. Assembly, “Universal Declaration of Human Rights.
9 “Measuring Rural Access Using new technologies
10 THE WORLD BANK GROUP. P. Roberts (2006). Rural Access Index: A Key Development Indicator: TRANSPORT SECTOR BOARD
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walking with which AI goes beyond the RAI aforementioned by obtaining catchment zone of each road considering travel
times and cost distance using land slope in a geospatial data formats.
1.2 The Problem
In the requirement of any road agency through management of road network, community should benefit first, which means
a road agency should know how many people are served by the road. A key challenge pertains to measurement of access
and connectivity to the road network with latest available population data for 2020. Considering Regular practises by
having number of people served divide by the area to obtain population density. This has been the most local way to derive
on population density. Figure 1 showing regular population density calculation of area divide by the number of people
with an example of Bahi District in Dodoma Region, Tanzania.

This is not appropriate as population is
also
allocated
in
the
water
bodies/lakes/swampy areas which is not
realistic on allocating population served
by the road.

Figure 1: showing the population density of Bahi District in
Dodoma Region in Ward Level
Road prioritization for maintenance needs should be justified with the road network available for funding road works from
road agencies or dedicated road authority. In most cases, road prioritization is tuned in independent variables which will
benefit the community and the road users. TARURA’s, road prioritization is based on 7 number of factors in a MCA
(multi-criteria analysis) including traffic, connectivity to trunk and regional roads, road basic access, road class, agriculture
potential, population, access to social and economic centres. TANROADS having social services, Tourism, Production
centres, network connectivity and population, with population allocation considers a catchment zone of 5Km on each side
of the road for National and regional roads which does not consider slope. Therefore determining accessibility for roads
has been a challenge thus a population AI was developed. It was derived by considering population served by each road
based on GIS cost distance analysis methodology.
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2.0

METHODOLOGY

2.1 Study Area
Tanzania has a total network of 163,588 Km, with TANROADS having 36,000 Km (2017) and TARURA having
127,589 Km (2018) 11

Figure 2: Distribution of Tanzania Road Network with both National and District roads
2.2 Accessibility Index Calculation
The methodology used to calculate the proposed AI for population for Tanzania roads was based on four main steps: data
acquisition; treatment, processing of data, network analysis including (walking speed, travel time, cost distance and cost
allocation) with the last step being assigning population to Geo-referenced roads.
Figure 3 shows the methodology of AI calculation for population of Tanzania Roads.

11

DROMAS 2 Map-June 2019-http://dromas.tarura.go.tz/dromas_map
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Walking speed

Data Acquisition

Treatment and
Data processing

Travel Time

Assigning
population to
Geo-referenced
roads

Cost Distance

Cost allocation

Network Analysis
Figure 3: showing the Accessibility index calculation methodology steps

2.1.1 Data Acquisition
The present study proposes the use of easily acquired data, with georeferenced public data (in the Raster and shapefile
format) and alphanumeric data (in the xlsx format).
Data used in the present Population Accessibility Index study are shown in the Table 1.
Table 1: Showing the data type and sources used for population accessibility index calculation for Tanzania
Information
Data Type
Source
Tanzania Road Network
ESRI Shapefile
TARURA-Dromas 2 Map
Digital Elevation Model (DEM)Raster Raster data
SRTM
SRTM 90m
Tanzania population density 2012
Raster data
National Bureau of Statistics (NBS)-Census 2012
2012 Census population
Excel Format
National Bureau of Statistics (NBS)-Census 2012
World population 2012
Raster data
Worldpop 2012
World population 2020
Raster data
Worldpop 2020
2.1.2 Tanzania Road Network
Tanzania Road Network is composed of both trunk, regional and district roads which are under both TANROADS and
TARURA comprising a total road network of 163,588 Km (cite reference). The Road network shapefiles were obtained
from DROMAS 2 (District Road Management system for TARURA) and used in the UTM projection. The Table 2 shows
the summary of Total Tanzania road network.
Table 2: Tanzania Classified Road Network (2018)-Source: DROMAS 2 Map-March 2019
Road Agencies
Total Length (Km)
Source
TANROADS
36,000
DROMAS 2 (2017)
TARURA
127,588
DROMAS 2 (2018)
163,588
DROMAS 2 (2018)
Total Length(Km’s)
2.1.3 Digital Elevation Model (DEM)
A Digital Elevation Model (DEM), is a digital representation of earth's topography, i.e. an elevation map. DEMs can be
used to derive topographic attributes in combination with other spatial data, DEM under USGS (United States Geological
Survey) has SRTM (Shuttle Radar Topography Mission) elevation model which generates high-resolution. For
Accessibility index slope determination, SRTM 90m grid resolution was used. SRTM data helped on accounting for slope
upon calculating walk speeds and path distances.
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SRTM data used for Tanzania for this purpose were specifically, SRTM_43_13, SRTM_43_14, SRTM_43_15,
SRTM_44_13, SRTM_44_14, and SRTM_44_1512 which were downloaded, merged and clipped in the shape of Tanzania.
2.1.4 Tanzania population data
Population distribution, is entirely on knowing where do people live? In order to know the number of people living in the
country, there is a statistics agency in Tanzania responsible for the population data which is NBS (National Bureau of
Statistics-Tanzania). NBS, Census in Tanzania is carried for every 10 years in which the previous was done in the year
2012, meaning the next one will be carried out in the year 2022.
Therefore 2012 population data was used in this research to only compare with the population density from the “WorldPop
data of 2012” for way forward to use worlpop data for 2020 which uses more advance approach on arriving to population
density. According to the National Bureau of Statistics (NBS), the population density available is Population of the
Region/District divided by the Area of the Region/District/ward/village, resulting in equal distribution of the population
in the entire District/ward/Village in region,
Figure 4 shows the Tanzania population density 2012 region wise from NBS Census 2012;

Figure 4: Distribution of Population density per region from National Bureau of Statistics
(Source-NBS-2012 Census)
2.1.5 Worldpop Data
The WorldPop project was initiated in October 2013 to combine the African Population (AfriPop), Asian Population
(AsiaPop) and American Population (AmeriPop) mapping projects. It aims to provide an open access archive of spatial
demographic datasets for Central and South America, Africa and Asia to support development, disaster response and
health applications. The data is designed with full open access and operational application in mind, using transparent,
fully documented and peer-reviewed methods to produce easily updatable maps with accompanying metadata and
measures of uncertainty13. Worldpop data was used as it uses the random forest dasymetric approach of calculating
population density which includes land use/cover, slope, lights from satellite image in the nights, elevation and available
population data for a given country. This supported in the research for AI as more considerations were considered in
population density calculation. The Figure 5 show the raster files from WorldPop data;
12

srtm.csi.cgiar.org/srtmdata/
o. S. School of Geography and Environmental Science, U. o. L. Department of Geography and Geosciences and D. d. Geographie,
“Worldpop,” Global High Resolution Population Denominators Project, 2018. [Online]. Available: https://www.worldpop.org.
[Accessed June 2019].
13U.
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Figure 5: Showing the Tanzania popualtion from WorldPop Data 2012.
Accessibility index was introduced by comparing the population density from the Worldpop data for 2012 and relating
to the Tanzania (NBS 2012 population given) for justification, which proved a 0.31 % Margin i.e. the value lied within
the threshold of our population analysis margin which justified the use of the Worldpop data of 100m gridded resolution
population as shown in the excel table below;
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Table 3: Comparison from difference in Tanzania population margin from NBS and Worldpop data

From the above comparison, the research was hence based on using the current Worldpop data for 2020 for population
AI calculation. Accessibility Index using a Worldpop data will be a better approach on allocating population along the
road using a GIS Spatial Database (Raster analysis from the World Bank Population worldpop_2020 14 ).

Figure 6: Figure showing North-East zone population density for Tanzania at Serengeti District.
14

www.worldpop.org - School of Geography and Environmental Science, University of Southampton; Department of Geography and
Geosciences, University of Louisville; Departement de Geographie, Universite de Namur) and Center for International Earth Science
Information Network (CIESIN), Columbia University (2018). Global High Resolution Population Denominators Project - Funded by The
Bill and Melinda Gates Foundation (OPP1134076). https://dx.doi.org/10.5258/SOTON/WP00645)
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Figure 6 shows the concentration of population of extreme habitation in major urban centers such as Mugumu in Serengeti
District and Bunda in comparison in the national parks using Worldpop data.
2.2 Treatment and Data Processing
The data treatment and processing started with the conversion of the georeferenced data such as Worldpop data 2020 to
the same geodetic reference in order to avoid compatibility errors in future spatial analysis. Thus, all the georeferenced
data were converted to the WGS 84 geodetic reference of the same UTM projection system.
2.3

Assumptions and Limitations

2.3.1 Assumptions
a. Development of a 90m slope-grid for the entire country and assignment of the travel time for each element of
the grid based on its slope;
b. All road surface and condition data are good, accurate and up-to-date.
c. WorldPop population density data for 2020 is accurate.
d. Walking individuals travel without carrying significant loads.
e. Walking individuals have no disabilities or injuries that affect travel speed.
f. There are no traffic jams.
g. Railroads, Planes and boats are never used for travel.
h. Earthquakes, landslides, floods, road maintenance, road construction and other blocking movements do not
occur.
2.3.2 Limitations
Some of the Tanzania road GIS files were not well edited/digitized and snapped which led to double allocation and some
missing gaps for population to the roads. We must note several limitations to this model and the resulting analysis.
Inaccuracies in our model are inevitable given the contrast between the dataset showing local shortcomings that local
residents tend to walk faster than visitors on local routes.
2.4 Network analysis
Network analysis is a method of calculating travel times or cost distances/ allocation over a road network in a GIS software.
The travel time can then be used to look at accessibility in the same manner as a cost time model. It principally requires
an accurate and complete roads dataset in the area of interest. An incomplete or inaccurate roads dataset typically yields
incorrect routes and misleading distance / time measurements. Results can be dramatic, such as in cases where some road
segments do not connect and the GIS therefore assigns unnecessary detours.
Network analysis can calculate travel in units of time or distance, offering an attractive package of analytical flexibility
and communicative efficiency. Trial network analysis calculations were performed with ArcGIS Desktop’s Network
Analyst tool and QGIS which managed to construct the cost distance and time models. In building a GIS-based, cost time
model of travel enables more accurate and generalizable assessment of accessibility.
2.4.1 Walking Speed
Walking speed is the speed in which humans tend to walk which provides insights for calculation of speed in different
slope/angle. This helps on knowing the behaviour of human being in accessing the road network with slope as main
consideration. This was calculated from a Waldo-Tobler Hiking function which involved slope and Raster-cell by cell
distance calculation considering angles/terrain. The slope raster data used for calculating walking speed was from SRTM
(Shuttle Radar Topography Mission) of 90m resolution. In order to use this function one simply calculates the slope of the
terrain, and then converts this to a walking velocity. It is easiest to do if the terrain is given in the form of a geographic
"matrix", with elevations at equally spaced increments in two directions. 15

15

P. Date, “THREE PRESENTATIONS ON GEOGRAPHICAL,” 1993.
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Figure 7: showing the part of Tanzania terrain from SRTM Digital elevation models.
Walking speed from Tobler Hiking Formula is given by;
𝑊 = 6𝑒 −3.5 𝑎𝑏𝑠(tan 𝜃+0.05)
Where W=Walking Speed in (Km/Hr), 𝜃=Angle
The Walking speed was calculated using both the TANROADS and TARURA road network using Tobler hiking
function which led to maximum walking speed going up to 5.03674 Km/Hr for a normal walking person in mostly high
slopes/hilly areas.
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Figure 8: showing the Tanzania walking speed graph and raster data
2.4.2 Travel Time
Travel time shows the remoteness of the area/households from facilities, with consideration of the difference of speed
from the surface depending on slope.
Travel time, in our AI calculation, is defined as distance divided by walking speed in a Rasterized gridded 100m resolution,
which made possible to calculate buffered time taken to travel for Tanzania road network.
Unfortunately transportation facilities with modern railroads, highways, and airplanes introduce topological complexities
thus they were ignored in the analysis, as mentioned earlier in the assumptions.

Figure 9: Relation of Travel Time with land slope.
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2.4.3
Cost distance
Comparisons between Simple linear distances and cost distance where by simple linear distance between origin and
destination poorly describe travels in Tanzania due to change in slope, thus a better approach is to use the cost-distance
method which calculates slope on a cell-by-cell basis. While the straight-line method (normal simple linear distance)
calculates slope based on the elevation values of the start and end points. In Figure 11 as explained by Erik Irtenkauf 16the
straight-line distance between points is 72.96 meters while the distance as calculated by the cost-distance algorithm is 104
meters. The cost-distance method involves calculating slope on a cell-by-cell basis while the straight-line method
calculates slope based on the elevation values of the starting and ending points as shown in the figures below;

Figure 10: Comparison of distance and time differences between raster analysis (cost distance) and straight-line distance.
(Source: Figure produced by Erik Irtenkauf)

Cost distance was used in calculating the population data which calculates the least accumulative cost distance for each
cell to the nearest source over a cost surface.

Figure 11: figure showing distribution of Cost distance for District (Rural and urban roads) (Source-Author).

16

E. Irtenkauf, “Analyzing Tobler ’ s Hiking Function and Naismith ’ s Rule Using Crowd-Sourced GPS Data,” no. May, 2014.
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Figure 12: Map showing distribution of cost distance with accessibility buffers of existing Tanzania roads.
(Source-Author).
2.4.4 Cost Allocation
This allocates respective population as a catchment for each road having inputs of travel times. Cost allocation calculates
each cell nearest source based on the least accumulative cost over a cost surface. Below is the map showing catchment
population served by each road in Tanzania

Figure 13: Map showing Cost Allocation for population catchment of Tanzania Roads for 2020. (Source-Author).
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3.0

FINDINGS

The AI has been used in accordance with the GIS spatial calculation of walking speed, travel times for Tanzania with
respective population density from World pop data.

Figure 14: showing population served by the road (source-Author).
AI gives an overview with the population allocation, for instance rounded red curves in the figure above shows no
population allocated in the circle, in which these are Tanzania national parks.
AI involved analysing 56955 number of roads in Tanzania with total Length of 163,588 Km’s, with a sample table below
showing population allocation for each road,
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Table 4: showing distribution of population data with sample respective roads.
Population by Road

road_code
116517
231615
233100
202319
196008
173029
173030
173031
173026
165331
231460
44601
216351
231462
142496
168263
192682
15368
152035
246099
202347
93042
15447
721113
93050
231465
74552
184198

road_class

SUM

Feeder Road
Feeder Road
Feeder Road
Collector Road
Feeder Road
Community Road
Collector Road
Collector Road
Feeder Road
Feeder Road
Feeder Road
Feeder Road
Feeder Road
Feeder Road
Feeder Road
Feeder Road
Community Road
Collector Road
Collector Road
Feeder Road
Feeder Road
Feeder Road
Collector Road
Feeder Road
Collector Road
Feeder Road
Feeder Road
Collector Road

2,262
123
13
988
198
480
11,793
5,050
2,809
1,031
30
793
4
52
258
22
34
483
15,815
105
50
232
9
1,595
3,790
495
32
1,665

Each road in the Tanzania road network both national and district roads had population relatively as shown in the Table
above with a form of catchment in relation to travel times. Almost 70% of the Tanzania population (approx. 56.3 Million2018) lives within the 30 minutes (0-0.5 Hrs) walk from the roads and 30% beyond 30 minutes in the sample table below,
Table 5: showing Sample travel time hours within 30 minutes band population.
Travel Time Hours
0-0.5 Hrs

Sum of Population (No.)
39,297,418

Figure 15: showing travel time hours bands with the Tanzania roads. (Source-Author).
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Working with cost allocation, identified population distribution from population density for a road network helped on
getting number of people served by each road as a catchment. Bearing in mind, calculating the AI principally requires an
accurate and complete spatial connected roads dataset with which an incomplete or inaccurate roads dataset typically
yields incorrect routes and misleading distance / time measurements with relation to population. The AI provides a basis
for estimating the proportion of the population which has access to the roads in catchment zones which will eventually
help towards integration of economic and social development with the research showed low average levels of access were
in hilly and mountainous regions.
4.0

CONCLUSIONS

The methodology developed is intended to assist with future road network planning by allowing relationships between the
existing (or future) population distributions on any given road network to be established, which can be used in the
prioritization in road management systems and eventually Traffic predictions for the road networks. The Accessibility
index can also be used in diverse fields such as assessing the maximum area where a lost person can travel. The AI
approach is so far being used by TARURA for population allocation within the road as one among the other factors in
Multi-criteria analysis (MCA) for prioritization of road maintenance needs.
5.0
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REPOSITIONING CHEMICAL ENGINEERING EDUCATION AND TRAINING IN TANZANIA
FOR THE NATIONAL INDUSTRIALIZATION AGENDA
G.D. Mrema
Faculty of Mechanical and Chemical Engineering, University of
Dar es Salaam, P. O. BOX 35131, Dar es Salaam, Tanzania
ABSTRACT
Tanzania has in recent years been enjoying a robust economic growth, attracting a significant amount of foreign
investment. Unfortunately a significant number of ongoing foreign investment projects and, or those still in the
pipeline have been handicapped by a shortage of adequate domestic skilled labour, leading to the importation of
foreign skills. The Tanzania Development Vision, TDV (2025) was articulated to address the situation, transform
and prepare Tanzania to graduate to a middle-income, semi-industrialized sustainable economy marked by high a
level of human development and social status by the year 2025. The aspired destination would be characterised by
a growth rate of 8-10% and five main attributes, one of which is: a well-educated and learning society. TDV (2025)
and other national, East African and regional strategic documents have been mainstreamed into the Tanzania Five
Year Development Plan II (FYDP II) - 2016/2017 – 2020/2021 with a view to ensuring holistic and inclusive
document that adequately addresses all the intentions Government. Higher education and training and in particular
the engineering education and training is expected to play a big role in ensuring the Vision is driven by a
"developmental mind-set and competitive spirit. In this study, analysis of the chemical process engineering
curricular (which is an important element of the education system) was made to find out whether it has a destination
and is adequate and effective in achieving the intended aspirations of the TDV and industrialization agenda, five
years into the deadline date. Secondary information from different sources was accessed and analysed. Internet
material was also accessed for comparison purposes. Results have indicated inadequacies in the CPE curricula and
education system and a need for reconstructing the education system, reviewing, repositioning and realigning the
curricula with international and national agenda as an attempt to making them more industry-based and destinationoriented.
Keyword: Learning society, education, industrialization, sustainable, economic development

1.0

INTRODUCTION

1.1. Background
The youthful Africa and Tanzania population in particular and its abundant natural resources are key aspects that need to
be fully harnessed for sustained economic growth. Higher education and training, science, engineering and technology
and in particular chemical and process engineering (CPE) play a crucially important role for enabling Tanzania to unlock
its growth potential by providing highly skilled labor required for the industrial growth. However, like other professions,
the CPE curricula (which is an important element in the education system) has been facing some challenges, that need to
be addressed jointly by the government, engineering education and training institutions, the industry and the private sector
to render it more productive to the TDV (2025).
Some of the challenges raised by the Prime Minister of the United Republic of Tanzania, Hon. Kassim Majaliwa while
addressing Multi-Stakeholders Forum on Local Content in Dar es Salaam on 20th September 2019 include: “the education
curricula and the education system not benefiting the youth graduating”, calling for curriculum reform (Citizen, September
2019). In the similar vein, during the 5 th Edition of Mwananchi “Thought Leadership Forum (MTLF)” in Dar es Salaam
on 19th September 2019, education stakeholders in the country complained to the ministry responsible for education on
inadequacy and inability of the education curricula in preparing youth with competitive knowledge and called for
upgrading of curricula and the education system to be able to:
Churn out relevant and competent workforce able to compete for the job market while also creating jobs;
Incorporate solution-based research, address socio-economic challenges in the country and id forward looking.
Similar concerns regarding shortfalls of the education and training for institutions outside Tanzania have also been
recorded (Sharma, 2014) who reported that in a bid to reduce large numbers of university graduates with similar academic
degrees competing for the same job, China converted at least 600 of its public universities into polytechnic institutions of
applied learning in 2014. The focus has been on training engineers, senior technicians and other highly skilled workers
rather than focusing on the highly theoretical over-academic studies with no quick impact on industrial growth. Driven by
similar concerns a requirement was also made for an urgent reform of the Chinese education system, to enable provision
of high quality talents, knowledge and skills that meet demand at the production frontline, Indeed an education system
and curricular with a destination.
The foregoing information suspects the Tanzania education and training system; particularly the engineering and
specifically the chemical and process engineering education and training curricula which is key for realizing national
industrial growth and development in Tanzania may be having destination identity problems and could thus face similar
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limitations towards attaining the TDV (2025) and the national industrialization agenda. A desk study was thus undertaken
to confirm the assertion and suspicion.
2.0

METHODOLOGY

The following methodology was used in the study which was mainly desk-work:
(i)
The industrial development before and after independence was analyzed;
(ii) Education and training institutions/programmes and specifically the CPE programme/curriculum was also analyzed;
(iii) Secondary information from local (UDSM), national and international was also accessed;
(iv) Internet information was also frequently consulted for comparison purposes and for confirmation formation of
opinion;
(v)
With the assistance of secondary information, the internet and personal experience, gaps between CPE curriculum
matrix entries and current/future needs of the industry/market were identified and suggested improvements put
forward.
3.0

THE TANZANIA INDUSTRIAL DEVELOPMENT TRENDS

Tanzania has recently been attracting signiﬁcant foreign domestic investment with intention to rapidly achieve TDV
(2025), FYDP-II (URT, 2016) and industrial growth. The TDV (2025) aspires for "a well-educated and learning society"
as one of its five major attributes. The others being: a high-quality livelihood; peace, stability and unity; good governance;
and a competitive economy capable of producing sustainable growth and shared benefits. Education is seen as "a strategic
change agent for the mind-set transformation", able to solve development challenges ahead, realize “an educated and
learning society” and inculcate among citizens "a development mindset and competitive spirit". The education system,
practice and experience may thus need to be restructured and transformed qualitatively with aim to promote innovation,
creativity and problem solving to ensure investments made on industrial projects (local and foreign) are not wasted in vain.
Foreign investment projects have however been facing serious and acute shortage of domestic skilled labour, necessitating
intervention policies including the Local Content Policy of Tanzania (URT, 2014) to limit importation of foreign capacities
– both knowledge skills and materials unless deemed unavoidable. To become and remain competitive, the development,
use and continuous improvement of human capital in engineering and technology are inescapable. Strengthened
engineering capacity in Tanzania is necessary due to several reasons including: sustained infrastructural development to
accompany its growth trajectory; accelerating industrial development especially in manufacturing to enable it become a
net exporter rather than importer of manufactured goods; for producing rising needs of energy and overcome frequent
power interruptions at certain times and meet power needs for ongoing and envisaged major projects; for empowering the
country to take control of its rich natural resources; and for assisting achievement of the TDV 2025 and the FYDP II Goals.
According to the Royal Academy of Engineers, Engineering has been defined as the ‘creative application of scientific
principles’, principles that are put in practice to invent, design, construct, maintain and improve structures, machines,
devices, systems, materials and processes, (Cebr, 2016). It is application of mathematical methods, science, and empirical
evidence to innovation, design, construction and maintenance. The definition accounts for the fact that scope of
engineering is not limited but is continually evolving due to the dynamic nature engineering-related clientele – the
industry. The engineering profession will thus continue to be a key driver for industrialization and sustained growth of
national economies including that of Tanzania as long as it is always tuned to industry/market needs.
Chemical (and Process Engineering) viz. CPE is a science of industrial processes/ methods and pathways which often than
not involves Chemistry and Mechanical Engineering to transform and, or separate raw materials into useful products. The
CPE programme was designed to equip students with the skill and ability to apply their knowledge of mathematics,
physical, and engineering sciences in the design, innovation and improvement of processes to meet society needs. It also
equips the student with skills and ability to identify and solve chemical engineering problems and to conduct research for
the improvement of the general society in conformity to operational, product, safety, environmental and economic demand
requirements (CD, 2015). Based on these premises and the need to support the infant industry that existed after
independence the then Faculty of Engineering (FoE) at the University of Dar es Salaam (UDSM) was established in 1973
with main aim to:
(i)
Assist in creating a vibrant engineering sector that would contribute more significantly to the national development;
(ii) Participate in improving standard of living/national income by providing stable trained human resources capital to
oversee good condition of the industry and the engineering sector;
(iii) Secure and develop national productive investments;
(iv) Be instrumental in achieving the national aim of self-reliance.
In addition, the FoE was to ensure that:
High standard of local engineers was attained and maintained;
Industry got high level professional advice and expertise locally;
Research and development in and with local industry was enhanced;
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Locally trained postgraduate engineers were available in selected areas.
Also the CPE was established in 1978 in line with FoE priorities and objectives, national priorities as well as the nature of
Tanzanian economy and was guided by the following objectives, namely to:
Provide education and advanced training for engineers related to chemical and process industry,
Conduct applied research and process development for quality and quantity improvement of products and process
diversification in the interest of suitable exploitation of natural resources,
Provide expert and professional advisory services in the form of consultancy to the industry, parastatals, government
and other organizations or institutions.
To collaboratively work with the already established three traditional programs namely, civil, mechanical and
engineering to ensure the FoE achieved mandate vested on it.
3.1 Tanzania Industrial Development and the CPE Curriculum
The Higher Education Development Programme (URT, 2010) recognizes relevant higher education curricula to be geared
towards the changing world of science and technology, the corresponding dynamic needs of governments, society,
industry, commerce and the surrounding environment in general. Education and training programme must consider the
nature of the host national industrial base, existing and envisaged and be aligned to it for it to have impact. The alignment
of skills for industry needs enables sophistication of industry to move from low tech to high tech diversification through
technological innovation, tailored training curricular, technological transfer, favorable international conditions, etc. The
two mutually reinforcing links and alignments, if properly considered, will enable Tanzania to claim having attained "a
high level of quality education for it to respond to development challenges and effectively compete nationally, regionally
and internationally with regard to increased growth and improvement of human welfare, aspired by the TDV (2015). Any
misalignment will deny opportunity for CPE education and training to make expected strong impact on the national
development agenda of institutions and, or countries. Failure to constantly reposition and, or align curricula have been
attributed to the following reasons among others:
(i)
Insufficient funds and, or different institutional priorities;
(ii) Lack of time due to busy schedules of the faculty for other activities;
(iii) Lack of resources in their wider sense and belief that there is no room in the curricula for new content and rigidity
to drop/change some courses;
(iv) Academics finding it easiest to teach using content used during their time although the practice may be a
disadvantage to graduates who will later on be expected to work in a dynamic and multidisciplinary field.
In this study, the CPE training curricula at the UDSM was analyzed over the last +50 years to understand its impact on the
current and future national industrialization agenda and the TDV (2025).
3.1.1 Pre-Independence Period
The Tanzania industrial sector was dominated by processing (to semi-finished stage) of few agro-based goods like sisal, coffee,
cotton, tea and tobacco with no chemical and processing industries. Requirements of finished products were exclusively
imported from abroad. Factories encouraged mainly served as intermediates to the European counterparts for final products.
There was no felt need for the Chemical and Process Engineering programme before independence until in the late seventies.
3.1.2 Post-Independence to Mid-1990s Period
The post-independence to mid-1990 period saw a shift of policies and priorities from the centralized, monopolistic economy
to decentralized, liberalized market economy pattern and from the predominantly agriculture towards industrial sector. Many
industries set up during this period were in the category of chemical and processing plants and included: natural gas processing,
brewing, tanning, tyre manufacturing, refinery, textiles, edible oil processing, cement production, sugar and glass production,
plastics, fibre plants, paper and pulp production, fertilizer plants and many other related plants. The Tanzanian education system
responded to the national requirements of diversified industrial ventures by establishing technical and related intermediary
colleges, the University of Dar es Salaam and later the then Faculty of Engineering. The main goal was to create substitution
industries that would utilize locally available raw materials to produce consumer goods and farm gears. About 40 years after
independence, student enrolment in universities had risen drastically although compared to other African countries it was still
considered low. Table 1 compares performance of the higher education sector with that in selected African countries in the
mid-nineties (40 years after independence)
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Table 1: Higher Institution Statistics for Selected African countries by 199817
SNo.
Country
Population in 1998 Established Universities
Other HE Institutions
1
Tanzania
32.2
3
13
2
DR Congo
49.2
4
28
3
Ethiopia
62.1
2
11
4
Sudan
25.9
21
14
5
Kenya
29.0
9
NA
6
Algeria
30.0
13
6
7
Morocco
28.0
14
33
8
Nigeria
121.7
30
29
9
South Africa 44.3
21
58
10
Egypt
65.6
16
28

University Enrolment by 1996
5,600,000
20,100,000
20,700,000
27,600,000
40,200,000
107,100,000
213,300,000
233,700,000
283,200,000
618,200,000

Other notable developments including establishment of FoE and CPE department and program (to support the growing
industry) were (Mrema and Towo, 1995):
(a)
Growth of many industries in the category of Chemical and Processing plants, largely set up by Government (parastatals)
and few by the private sector;
(b)
Growing number of import substitution industries mainly in the chemical and process engineering category (+90%) and
specifically in the agro sector;
(c)
Establishment of FoE in 1973 and CPE department and programme in 1978;
(d)
Vibrant university-industry relations with many joint undertakings between them including industrial training,
Technical Development Programmes (TDP) with high undisputed transparency and trust among them.
(e)
Few but quality engineering graduates from the FoE and the CPE program;
The Chemical and Process Engineering (CPE) curricula were developed to ensure the started industry received required
professional and expertise services. In the mid-80s however, the two curricula were harmonised and merged into one common
curricula following request from stakeholders. The other review was conducted in 1991/92 while minor review was done in
2001/2002 to introduced specializations and respond to national, international standards and market needs.
3.1.3 Mid-1990s to Mid-2020s and Beyond
The period between 2000 to-date has witnessed globalization and digital-driven fast industrial development and high use of the
ICT, innovation creativity and application of modern high technology leading to fast industrial growth. The nature of chemical
process industries (CPI) has also changed drastically in the past few decades with new processes replacing old ones.
Biotechnology, robotic and Nano-technology for example have claimed a dominant market share requiring paradigm shift
in the conceptualization, process and product design not only for economic feasibility, but also safety, environmental
impact, and overall risk. Many of the products from CPE industry of today and tomorrow have little in common with those of
1990s, signifying need for similar paradigm shift and evolution in the technical knowledge and skills demanded by the industry
and produced by education and training institutions. Indeed continued effort by higher education institutions to cope up has
resulted to notable output gains compared to previous and shown in Table 2.
Table 2: Higher Institution Statistics for Selected African countries by 201818
S/N
Country
Population in 1998
Established Universities
Other HE Institutions
1
Tanzania
56.3
39
555 (NACTE-based)
2
DR Congo
84.1
63
38
3
Ethiopia
109.2
134
35
4
Sudan
40.8
98
38
5
Kenya
51.4
50
540
6
Algeria
48.2
92
48
7
Morocco
36.0
128
211
8
Nigeria
195.6
152
354
9
S. Africa
57.8
136
50
10
Egypt
97.6
124
140

University Enrolment by 2018
+63,737 (2017/2018)
N/A
+130,000 (2008)
N/A
520,893
1,165,040 Only UG
900,000
+1,513,371 (UIS)
+2,600,000
+2,800,000

During the period the following have therefore featured prominently:
(a)
Liberalized and decentralized market economy;
(b)
Globalization orientation with several large multi-national enterprises;
(c)
Private sector-led economy {government slowly taking lead in some areas};
(d)
High technology {robotic} and skills-driven industry;
17

Population: UNESCO/MINEDAF, April 2098
https://data.worldbank.org/indicator/SP.POP.TOTL, IHU (2020) and https://www.nacte.go.tz/index.php/registration/registeredinstitutions/ (accessed on 10.10.2019)
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(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)
(m)
(n)

High (mass) production;
Rather low conduct of applied research at the university resulting to utilization of research results by the industryspecifically the multinationals who mostly prefer to look for answers from mother companies abroad while
Rather weak university-industry relations compared to previous years with few joint ventures between them;
Restricted access to the industry {most companies have folded up and have restricted doors to external persons,
university staff and students included, making it more difficult to impart practical experience to them};
Too much emphasis on acquired paper qualifications by regulatory bodies rather than on skills;
Proliferation of universities and other tertiary institutions some of which are ill-equipped resulting to churning out of
graduates;
Inadequate numbers and quality of trained engineers from training institutions to match requirements of the industry
and the country;
Unfavorable ratio of professional engineers: technicians which is consequent to unfavorable ratio of respective
institutions in the country;
Some gaps in certain areas between industry needs and graduate qualifications;
Over-reliance on external expertise by large foreign companies in the country.

The period was also marked by discovery, exploitation and use of a range of natural resources: natural gas and helium;
expanded exploitation of earth minerals - gold, diamond, coal, tanzanite; expanded industrial production - sugar, cement, lime,
iron and aluminium products; elastomers and plastics; pharmaceuticals and chemicals; food, beverages and other agroproducts. Initiatives are ongoing for establishing petrochemical/chemical industrial complex and liquefied natural gas (LNG)
plants.
4.0

RESULTS

From the analysis made the following results were revealed:
(i)
The number of universities in Tanzania is far below that in other counties in the continent and presumably in the
world; the comparison could be worse if similar comparison of engineering and CPE-related programmes was
made;
(ii) Industrial developments trends suggest a need for new knowledge and skills of engineers and technicians now than
before. Indeed the notion that current and new challenges for engineering will be across four key areas namely:
development of technological approaches and solutions for best ways to address environmental protection,
infrastructure, materials, energy, information systems, poverty reduction /income generation, natural resource use,
and bioengineering among others remains valid according to UNESCO (Cebr, 2016);
(iii) Globalization will continue to connect the world than before, requiring both social and political judgment to
navigate the changing conditions in the modern industry and the society;
(iv) The labour market will remain inclined towards higher skills at all levels including administrative, production and
other lines required by the industry;
(v)
The changing industrial and business patterns, models, multicultural work environments, shorter product life cycles,
and intense global competition will continually put pressure on and challenge the CPE curricula for relevance;
(vi) Training for the accumulated knowledge of technical (hard) skills as well as other (soft) skills including social
sciences, business and commerce will most likely help engineers to manage the constant challenges posed by the
industry.
(vii) The current CPR curriculum was last reviewed in 2010/2011 to meet stakeholders’ needs and remained so to-date
except for recent adjustments, orientation and massaging to suit the Universities Qualifications Framework (UQF)
needs and Tanzania Commission for Universities mandatory format requirements;
(viii) The CPE program and curricula have not been adequately aligned to current and future skills needs of industry
resulting to gaps between what CPE graduates know and what they need to know to meaningful impact the industry;
(ix) The misalignment of the curriculum is a reflection of specific interests of the faculty members and is an outcome
of their different earlier training experiences;
(x)
There is strong perception of severe lack of engineering capacity in certain areas in Tanzania which results heavy
reliance on imported expertise. Reasons for the deficiency have been attributed to several sources including:
insufficient output from the training institutions to meet country requirements; poor quality and lack of sufficient
practical experience and skills of the graduates produced, which often make them unemployable; local presence of
foreign engineering firms who prefer to import their own skilled labor; and the reluctance of the graduates to take
up poorly paid positions in rural areas (Cebr, 2016). There is also an acute shortage of engineering technicians due
to upgrading of some colleges to university status that offer degrees, without providing alternative thus distorting
the expected standard ratio of professional engineers: technicians which should be of the order of 1:5 or 1:6. The
ratio could thus be 1:1.5, 1:1 or worse indicating having larger number of qualified engineers being underemployed
and thus working as technicians. Tanzania needs a large pool of excellent professional engineers to support, add
value through breakthroughs in innovation, research and development, and helping economies grow and develop
while technicians are relied upon to faithfully keep systems and processes running, literally keeping the wheels of
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the nation rolling through support and complement to professional engineers, service and start-up of small-and
medium-scale industries thereby creating employment and improving quality of life.
(xi)

The CPE training curricula does not provide for adequate practical skills and experience before employment. The
economic development of a country affects the sort of projects engineers are exposed to. As such, the experience
that engineers gain is also important in terms of their ability to take on projects that are more complex in future.
Thus having exposure to new developments in the industry and access to the right resources to do a job is essential
for high-quality engineering though it is a virtuous cycle.

5.0

CONCLUSION

(i)

Basing on the range of chemical processes and industrial products designed and manufactured, chemical
engineering/chemical technology and science will continue being one of the most enabling sciences/technologies
behind success of the industry and other related major sectors;
(ii) Although the Tanzania education system and particularly the CPE education curricula have contributed greatly to
the success of international, regional and national development agendas, it still lacks destination orientation and
adequate alignment for it to avail more practical training and experience and accommodate courses deemed more
relevant to national development goals and the industrialization agenda;
(iii) The curricula has not been adequately aligned to the FYDP-II (URT, 2016) (the main national development agenda),
other regional/international agendas {articulated after the curricula came into use}and thus still lack destination;
(iv) Globalization, national agenda and needs of the industry will continue to shape the education system and the
curricula; practice and experience by influencing overhaul and reconstruction the education system and curricula
skill sets that were fit yesterday but may not be fit in today’s/tomorrow’s industrial setting in science, technology
and engineering;
(v)
Reconstruction, orientation, repositioning of the curricula to the national and international standards requirements,
the national FYDP-II goals and the national industrialization agenda will make it more relevant and impactful;
(vi) Orientation/alignment of the curricula to international, regional and national goals will render it more competitive,
impactful and relevant nationally, regionally and internationally and contribute more efficiently and effectively to
the achievement of the TDV (2025) and industrialization agenda;
(vii) Repositioning of the CPE curricula and reconstruction of the education and training system have to go together,
hand-in-hand;
(viii) Basic sciences and mathematics will need to be accorded importance in keeping up with the demands of the
chemical engineering in the future modern technological age as well as for promoting and enhancing industrial
productivity;
6.0

SUGGESTED AREAS FOR IMPROVEMENTS

The following actions are suggested for repositioning CPE curricula and improve CP engineering education and training
for greater impact on FYDP-II aspirations, TDV (2015), national industrialization agenda and international
competitiveness:
(i)
(ii)
(iii)

(iv)

(v)

Reconstruct the education system, reposition and align the curriculum with the national, regional and international
development agenda and globalised industrial expectation;
Involve the industry and other stakeholders in the reconstruction of the education system and curricula
review/reforms to ensure they capture the aspirations of FYDP-II (articulated after last review of the CPE curricula)
national vision / TDV (2025), and are destination oriented;
Remove from the curricula portions borrowed from other universities in the world and have not been adequately
oriented to current/future national aspirations. In particular jointly with industrial partners replace formulated
programme, course and subject objectives with learning outcomes and overhaul elective/optional courses replacing
obsolete ones but retaining parts still deemed relevant to current/future industry needs;
Consider replacement of the magisterial/lecture methods with competence-based, problem-based learning approach
to enable students earn a degree in a required subject through demonstration of skills and knowledge in a series of
carefully designed assessments (typical Russian approach). The system is likely to result in improvement in terms
of the students’ ability to solve problems as well as help them to develop and acquire certain “soft” skills: good
communication, team spirit and adaptability considered to be key requirements for graduate employability currently
and in the future;
Lobby to demystify a belief that all university academics should acquire academic PhD, an approach which may
not necessarily right for achieving industrialization agenda and may not be feasible. In fact having a good master
degree in an appropriate field, acquiring industrial experience and, skills, mastery in pedagogical/didactic skills and
having recommended ratio of engineer: technical staff would deliver better goods to the industry;
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(vi)

(vii)

(viii)

(ix)

(x)
(xi)
(xii)
(xiii)
(xiv)
(xv)

(xvi)
7.0

Regulatory and professional bodies to ensure engineering education and training curricula accommodate mandatory
practical and industrial training skills and experience for all students before and after graduation as part of
internship/apprenticeship before employment as done medical doctors and lawyers. Candidates engaged as
academic at technical universities and colleges should undergo at least two mandatory industrial trainings of not
less than a year outside the country as was done in the earlier years.
Practical training be at two different stages: during the course in the form of industrial practical attachments (as
done currently but without imposed hindrances), to expose students to the world of work and facilitate their
subsequent employment on completion of their studies but also to meet necessary professional registration and other
institutional requirements;
Relevant ministries (Education; Science & Technology, and Works) work closely with regulatory, professional
bodies and training institutions to ensure a conducive and dynamic industrial environment is established and
consolidated in the country. Through environment, foreign countries with significant industrial investments or are
involved in major infrastructural development activities in Tanzania to be required to participate in locating and
arranging relevant professional industrial training in their countries or elsewhere but in industrialized countries for
retooling of local engineering graduate students and, or employing them as trainees whenever possible. The
arrangement will empower local engineers and fast-track technology transfer which is vital for fast-tracking
industrial development and national economic prosperity. Some of the development partner countries including
Switzerland, Denmark, Germany, United Kingdom, Sweden, Finland and Norway have been instrumental in the
proposed arrangement in the past;
Higher education institutions to revive and strengthen university-industry relations and linkages which were
previously very strong and use them to:
Invite representatives from industry to serve on the engineering boards or on other higher administrative bodies of
the college/ university;
Invite professionals from business and industry as adjunct professors;
Through the relations, deteriorated but necessary infrastructure including workshops and laboratories inputs could
be rehabilitate and upgrade and state-of-the-art facilities acquire via industrial partners arrangements as done
elsewhere thus offloading bulk of the burden from the government;
Take advantage of the same close university-industry relations to close the gap between research conducted in
training institutions, development and transfer of findings to the industry thereby helping students to get practical
knowledge of their experience in the industry;
Revive the Office for Relations with Industry (ORI), the Committee for Relations with Industry (CORI) and the
Professional Clubs Meetings (PCM) previously chaired by senior engineer from the industry or outside the College,
with membership from the College, the industry, research and science and technology institutions;
Revive and strengthen innovation systems and cluster programmes (ISCP) at the college as part of co-curricular
engagement, foremost to stimulate and induce on staff and students industrial experience but also transfer the similar
experience to the industry;
Revitalize research groups and establish research centres of excellence and enable expanded research
skills/expertise and collaboration with partners from outside institutions thus enhancing staff/students
professionalism;
The proposed in-house arrangements will have limited success unless the professional/regulatory advise the
Government to restructure the education and training system and refraining from upgrading of technical colleges to
full university status without providing an alternative solution, which creates a gap in the intermediary institutions
(artisans and technicians) and distorts professional engineers: technicians good standard practice ratio of 1:5 -1:6
and limits and, or makes contribution by respective professions to be very difficult;
In addition to 6.1.5, the Government to come up with retention incentives and remunerations for technicians for
them to feel satisfied materially and in other ways to evade temptation to pursue a degree to achieve the same.
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THE IMPORTANCE OF PROJECT MANAGEMENT CAPACITY TO ENGINEERING PROJECTS
FOR NATIONAL SOCIO-ECONOMIC DEVELOPMENT
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ABSTRACT
Tanzania National Industrialization without building the capacity of managing Engineering projects will not be a
viable solution for National economic development. There will be a greater possibility for these projects to become
unsustainable and never meet stakeholders’ expectations. This paper explains the importance of building project
management capacity in the Engineering industry, after addressing some barriers of the past and current projects
implemented in Tanzania through observation and interview. The findings indicated that without the initiative of
building project management capacity to people to fill the knowledge gap and reduce the barriers, then Tanzania
will have many projects failure. Therefore, the paper recommends some important steps and suggestions so that
every Engineering project implemented in Tanzania meets stakeholders’ expectations thus becomes more effective,
successful as well as sustainable to the National Economic Development.
Keywords: Engineering Projects, National Economic Development, Project Management Capacity, Sustainable,
Tanzania National Industrialization

1.0

INTRODUCTION

It is still possible to see Tanzania takes her destiny into her hands and designs her own future, by harnessing Engineering
projects with science and technology for sustainable development. This means all Engineering projects should meet the
needs of the present and future generations, and improve the lives of Tanzanians in a tangible, irreversible and progressive
manner. According to the Trade and Development Board report (2018), transformation can only happen if there is a
sustained effort to close the technological gap between developed and developing countries, to contribute economic, social
and environmental development. Technology is defined as the application of scientific knowledge for practical ends such
as developing techniques to produce a product and/or deliver a service (UN, 2016).
Engineering projects, on the other hand, are the sources of the development. According to Siner and Sarridogan (2011),
the Engineering profession is the piston of innovation resulting from firms, individuals, universities, researchers and the
efforts of the civil society. Innovation as an engine of economic growth and national welfare is defined as the
implementation of a new or improved product or service. These products or services manufactured by the engineers
become part of industrialization that testifies all over the world. Therefore, to meet Tanzania National Industrialization,
Engineering projects need engineers with enough capacity for project management, to make the projects effective and
sustainable when delivering products or services.
2.0

LITERATURE REVIEW

According to A Guide to the Project Management Body of Knowledge (PMBOK Guide) 6th Edition, a project is defined
as a temporary endeavor undertaken to create a unique product, service or result. The project has a starting and ending
date, with a defined scope, set of activities, cost and quality needed at the end of the product, service and result. The
required end should meet the requirements of the stakeholders involved directly or indirectly to that particular project.
Project Management, on the other hand, is the application of knowledge, skills, tools and techniques to project activities
to meet project requirements (PMBOK, 6th Ed.). It is used as an approach to implement the projects from the initiation to
close-out. There are many implemented projects sponsored worldwide but in Tanzania, some projects are sponsored by
World Bank, United Nations, European Union, USAID, Japanese Foreign Aid Assistance and domestic public.
Project management is considered to be successful when the project objectives have been achieved. Other elements of a
successful project are that it is completed:
a.
within allotted time
b.
within budgeted cost
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c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.

at the desired performance / specification level
with acceptance by the customer
when the customer agrees to be a referee for future projects
within minimum / mutually agreed to scope changes
without disturbing the main workflow of the organization
without changing corporate culture
while utilizing the assigned resources effectively and efficiently
safely
when paid at the agreed to the price
without harming the environment
within the existing legal and regulatory environment
subject to conditions of the contract

According to the extensive literature reviews, it has been revealed that some of the projects:
a.
do not meet quality specifications,
b.
get abandoned before the end,
c.
are behind the schedule,
d.
get delayed to start,
e.
don’t stay within the scope boundary and
f.
spend more than the planned budget.
And their reasons are:
a.
Project goals are not well defined or understood. This can lead to the ineffective allocation of resources, confusion,
conflict, and stress.
b.
Project team lacks knowledge, skills, or organizational influence/power to effectively execute the project
c.
Competition for resources
d.
Resistance to change from the stakeholders
e.
Failure to align project goals with the personal benefits of the team members.
These challenges result in many projects failure because of lack of capacity in managing those projects. Capacity is defined
as the ability of individuals and organizations or organizational units to perform functions effectively, efficiently and
sustainably (UNDP, 1998). Capacity building is the process by which individuals, groups, organizations, institutions and
societies increase their abilities to (i) perform core functions, solve problems, define and achieve objectives; and (ii)
understand and deal with their development needs in a broad context and in a sustainable manner (Enemark, & Williamson,
2004:640). It is about the development of knowledge, skills and attitudes in individuals and groups of people relevant in
design, development, management and maintenance of institutional and operational infrastructures and processes that are
locally meaningful (Groot and van der Molen, 2000). This means engineering projects can contribute to sustainability if
Engineering companies invest in continuous capacity building in project management to their staff. Capacity building in
project management can be addressed at three levels:
a.
The societal level such as policies, management, accountability and resources
b.
The organizational level such as mission and strategy, culture and competencies, processes, resources (human,
financial and information) as well as interaction within the system, other entities, stakeholders and clients
c.
The group of people/individual level such as educational and training programs to fill the identified knowledge gap
from the staff. This is considered as the most critical.
3.0

PROBLEM DEFINITION

The literature review revealed that if there is no capacity building in managing Engineering projects to the individuals or
group of people, then there will be unsustainable and unsuccessful Engineering projects for National economic
development in Tanzania National Industrialization.
4.0

OBJECTIVE

The main objective is to increase the importance of building project management capacity in Engineering companies.
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5.0

METHODOLOGIES

Data was collected through the extensive literature review, field observation and interview with the management from the
public sector.
6.0

RESULTS AND DISCUSSION

6.1

Summary of the Results

The following is the summary of what was observed as some potential barriers to engineering project success and project
management in Dar es Salaam, Tanzania.
Table 1: Based on extensive project management experiences of authors in some countries of Africa within
two decades with observed barriers (Adeyemi, L. A. & Idoko, M., 2008)
Project Context
Infrastructures –
water, road etc
Fiscal Responsibility
Governance

Forms of Authority
Organizational Culture
Technology and
Accessibility
Processes, Procedures
and System
Project resources

Project documents

Project Management
Tools
Knowledge transfer

Sustainability

Observed Barriers
Inadequate facilities
Unsatisfied stakeholders such as end-users
Limited financial capacity
Lack of transparency in the system
Lack of sustainable support to the needs of the project
Misalignment between politics and policies
Limited awareness of value of project management to the top management
Cultural resistance to organizational change by the decision makers for supporting
implementation of matrix projected organization
Limited, not matching with the demand
Not utilized
Some are missing, some are not clear to every stakeholder involved in the project
No means of following-ups
Lack of qualified project managers and technicians
Lack of team building among team members
Limited support staff that can provide complimentary services such as permits, project
control accounting, procurement etc.
Lack of equipment and materials for the projects
Unclear responsibilities among stakeholders
Lack of accountability to few stakeholders
Improper transfer of project manager’s responsibilities
Lack of motivation therefore no creativity
Inadequate documentation
No proper plan for managing risks, communications, stakeholders, procurement,
budget, schedule, quality, scope and resources
Some are not available, inadequate
Limited, not open minded. Only based on intuition and experience
No good flow of information from the engineers to the management and other
stakeholders
Very few, other projects end without proper benefits to the end users
Lack of training to the end users

6.2 The Importance of Project Management Capacity in Engineering Companies
It is important to note that having this capacity will help engineering companies to reduce the observed barriers, and assign
required skills and resources, with proper processes and systems of planning, executing, monitoring and control as well as
closing for achieving project deliverable. The assignment will only be effective by
a.
Understanding clearly the project objectives and requirements
b.
Understanding all project stakeholders’ expectations with realistic assumptions
c.
Understanding project management processes including procurement
d.
Identifying adequate sources of funds and resources
e.
Identifying gaps from the previous projects earlier before the beginning of new project implementation
f.
Having good judgement that will contribute towards project success
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g.
h.
i.
j.
k.

Having commitment, strategies and flexibility of the company in supporting the project implementation especially
from the senior management
Having effective leadership, conflict resolution and risk management abilities
Having clear communication channels and methods that are familiar to all project team
Having effect team building and motivations
Learning from the past implemented projects (lessons learned) from future improvement

6.3 Project Management Capacity Model
In order to implement Engineering projects effectively for sustainable development, the following steps should be followed
according to capacity model from concept (initiation), develop (planning), execute (Execution, monitoring and control)
and transfer (closure) which all together form Project life cycle as shown in Figure 1 and Figure 2 below.

Figure 1: Project Life Cycle (Adam and Barndt, 1978)

Figure 2: Project Life Cycle in detail (Adam and Barndt, 1978)
6.3.1 Concept (Initiation Phase)
Step 1: Engineering companies should perform proper analysis of external and internal project environment, that include
company’s internal capabilities, infrastructure systems, human resources, partnerships, governance and transparency,
financial and procurement management capacities, power and influence, as well as physical space. If there is any gap in
skills, processes, technology and other resources, they have to document and mitigate well. Note that their projects should
be aligned with their company’s strategies, mission and vision.
Step 2: Engineering companies should develop project charter, get it approved by the project sponsor, and signed off by
all key stakeholders and partners to show their commitment to the whole project.
Step 3: Engineering companies should form project success criteria based on assumptions.
Step 4: Engineering companies should assign project managers to lead their projects
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6.3.2 Develop (Planning Phase)
Step 5: Engineering companies should develop the preliminary project plan that identifies scope, cost, schedule, quality,
risk, communication, information, procurement, stakeholders and work breakdown structure (WBS).
Step 6: They should empower project managers to assemble team members and develop their directory and responsibility
matrix. Note that if there will be a need to outsource, then they should develop competitive bids for procuring
and retaining the outside suppliers of products and services.
6.3.3 Execution (Executing, Monitoring and Control Phase)
Step 7: The project team should perform all Engineering works according to what has been written in the project
management plan from design development, field construction, testing to construction audit report writing.
Step 8: Engineering companies should perform track the status of engineering works including project risks, work
progresses, project deliverables and milestones, communication, quality assurance, stakeholders’ interests etc.
This step involves taking corrective actions to adopt changes that work best and put the project back on track, on
time and within budget. Those changes should be first approved by the Change Control Board.
Step 9: They should update the plan once changes get approval and take corrective actions immediately.
6.3.4 Transfer (Closing Phase)
Step 10: Engineering companies should conduct a post-delivery assessment to ensure that the project meets the
stakeholders’ expectations. If the project deliverable is well accepted by the stakeholders, close the contract,
finalize the finance and other administrative tasks, terminate the team and develop the close-out report with
lessons learned.
7.0

CONCLUSION AND RECOMMENDATIONS

As an Industry that focuses on harnessing sustainable Engineering and Technology for National socio-economic
development with Project Management, while achieving Sustainable Development Goal number 9, “Build resilient
infrastructure, promote inclusive and sustainable industrialization and foster innovation”, the project management
capacity is vital to every Engineering projects in Tanzania. Including the steps mentioned above in the capacity model, the
following are the recommendations:
Engineers: They should start sharing knowledge of project management by documenting lesson learned from previous
projects and conducting a systematic session of engineering project management seminar that allows understanding of key
challenges and advanced issues including proper technologies.
Engineering Companies: They should better empower their project manager throughout the project. In case of any
changes, they should have enough transition period for the next project manager, to gain knowledge regarding the decision
made earlier in the same project, before becoming in charge of it. They should have a well clear system with processes,
procedures and guidelines and communicate to all stakeholders involved in the projects. The top management and
executives should provide enough support with proper organizational culture and if assistance is needed, they should
outsource consultants specialized and certified in the management of projects.
Project Managers: They should act as a coach who gives the team members responsibility and trust, that leads to higher
motivation and successful completion of the projects. They should be qualified and equipped with tools, knowledge and
skills of project management so that they can lead and manage the team members, in order to achieve the project
deliverable as expected by the stakeholders.
With these taking into considerations, most of the Engineering projects will be sustainable for National social – economic
development while omitting the observed barriers in Tanzania National Industrialization. And they can only be achieved
if they all understand the importance of building and having the capacity of project management for Engineering projects.
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THE NEED OF CONTINUING CAPACITY BUILDING FOR PROFESSIONAL DEVELOPMENT
G. K. Modu and A.B. Rutayuga
ABSTRACT
The socio-economic development is a much broader concept and often defined by others based on what
it is trying to accomplish. However, many times, the objectives include among other things, development
of the physical infrastructure as well as competence (knowledge, skills and attitudes- mental
infrastructure) development of the workforce/human resource. Today, the world is in an era of
globalization, and we are living in a new economy of 21 st century – powered by technology, fuelled by
information, and driven by knowledge. Our lifestyles and ways of interacting with people also have
changed significantly. As technology changes, the competences (knowledge, skills and attitude) needed
to deal with those changes and the complexities of life also change. Hence, in order for Tanzania to be
able to cope with the reality of globalised labour market and 21 st century conditions, there is a need to
continuously build-up, up-date and up-grade competences of the local labour workforce and
organizational capacities. In the country, the quality of labour workforce is not only affected by the fact
that majority of the people are with no formal education or/and without education, but also based on the
views expressed through different reports and workings, highly skilled employees with requisite
knowledge and skills seem to be in short supply in various sectors of the economy. Also graduates lack
work-related attributes that are considered very essential for employment and/or professional growth;
and local firms lack proper human resource management systems/structures. In that regard, it is observed
that, for an individual country, like Tanzania to be an active participant in globalization, there is a great
need of having dynamic skills development and capacity building strategies for the professionals in the
world of work. In other words, substantial efforts have to be directed towards continuously building the
local capacity in terms of mental infrastructure to develop and sustain physical infrastructure, thereby
ensuring achievement of self-sufficiency and self-reliance to cope up with and handle those changes for
sustainable national socio-economic development. Otherwise, Tanzania as a country will remain merely
as an observer of globalization and keep on importing labour workforce/expertise from other countries.
Therefore, this paper seeks to indicate the significant and contribution of Capacity Building in achieving
local capacity in terms of mental infrastructure to develop and sustain physical infrastructure. Some of
strengths and challenges facing the local labour workforce are identified and discussed with the view of
stimulating debate towards enhancing local capacity building in Tanzania.
Key Terms: Socio-economic Development; Capacity Building, Physical Infrastructure; Competences
(knowledge, skills and attitudes -Mental Infrastructure); Local Labour Workforce
1.0

BACKGROUND

The socio-economic development is a much broader concept and often defined by others based on what it is trying to
accomplish. However, many times, the objectives include among other things, development of the physical infrastructure
as well as development of mental infrastructure of the workforce/human resource. The physical infrastructure comprises
physical structures, such as roads, bridges, ports, railways networks, power generation and supply systems,
telecommunication systems/platforms, industry processing systems/structures, etc. Mental infrastructure, on the other
hand, is competences (knowledge, skills, attitude and understanding – expertise and know-how) needed for among other
things, the development of new physical infrastructure; and up-grading and maintenance of the existing physical
infrastructure.
Today, the world is in an era of globalization, which is brought by advancement of science and technology in such a way
that different parts of the world are being connected and brought closer, and time for movement of information and goods
is tremendously reduced. In that respect, Mwamila, (2009) refers to globalization as “a significant reduction of time-scale
in the movement of goods, capital, labour, and ideas on the global space, in spite of the constant distance between the
source and final destination, resulting from increasing interdependence and connectivity of world’s market and
technological advances”. This means that, the pace of advancement in technology, hence changes in the needs of globalised
labour market have considerably increased the need to continuously build-up, up-date and up-grade knowledge and skills
of the workforce as well as to enhance organizational capacities.
Therefore, in order to speed up the human resource development and enhance organizational capacities, it is necessary to
adopt an optimum mix of various concepts and approaches of imparting competence (knowledge, skills, attitude and
understanding) relating to occupations in the various sectors of economic and social life. It is in that context that capacity
building approach is in a strategic position in respect of the development of the mental infrastructure which is a necessary
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input into the development of physical infrastructure, for the success of sustainable national socio-economic development
of any country.
2.0

CAPACITY BUILDING

Similar to the definition of socio-economic development, there have been many different definitions applied to capacity
building. In the effort to establish common understanding on the term, the related elements and features can be enhanced
through a greater focus of where capacity building efforts are directed – individuals, organizations, or interested
communities. Therefore, capacity can be built at individual level as well as at organizational level, and therefore definitions
should consider including all those concepts. “Capacity building” and “Capacity development” are often used
interchangeably. For instance, the World Bank describes capacity development as: “Involves the empowerment of societal
actors through learning, knowledge, information and innovations to effect transformational and sustainable change in
institutions, which in turn support the achievement of the development goal” (Steps for Designing a Results-Focused
Capacity Development Strategy, 2011).
UNDP defines capacity development as: “the process through which individuals, organizations and societies obtain,
strengthen and maintain the capabilities to set and achieve their own development objectives over time” (UNDP, 2009).
Also as per United Nations Development Programme, Management Development and Governance Division, 1998
capacity building can be defined as:.... “the process by which individuals and organizations increase their abilities to: (1)
perform core functions, solve problems, define and achieve objectives; and (2) understand and deal with their development
needs in a broader context and in a sustainable manner”.
In view of the above, capacity building (or capacity development) can be considered as the process by which individuals
and organizations obtain, improve, and retain the knowledge, skills, tools, equipment, and other resources needed to do
their jobs adequately. It allows individuals and organizations to perform at greater capacity (larger scale, larger impact,
etc) and minimize an over-reliance on outside experts as source of knowledge, skills, resources and solutions to our
country’s technical issues. Generally, Capacity building aims at developing the mental infrastructure which is necessary
input into development of the physical infrastructure.
3.0

WHY A NEED FOR MORE CAPACITY BUILDING IN TANZANIA?

3.1 Tanzania Policy Perspectives and Related Aspirations towards Socio-Economic Development
During the past few years, the government of Tanzania has developed a number of strategies and policy initiatives to guide
its development agenda in achieving indicated qualities and capacity levels necessary for national economic growth and
poverty reduction. The selected key strategies and policies for the purpose of this paper include the following:
a)
Tanzania Development Vision 2025 (URT, 1999):
The main goal of the Tanzania Development Vision 2025 is to attain a high quality livelihood for Tanzanians and achieve
a competitive economy at regional and global levels which should ultimately eliminate poverty in the country by 2025. In
that line, the Vision advocates Tanzania to be “a nation with high quality education at all levels; a nation that produces the
quantity and quality of educated people sufficiently equipped with the requisite knowledge and skills to solve the society’s
problems, to meet the challenges of development and be able to attain competitiveness at regional and global levels”.
Consistent with the Vision, the economy should be transformed from a predominantly agriculture one with low
productivity to a diversified and semi-industrialized economy buttressed by science and technology (URT, 1999).
To a greater extent, this aspiration can be realized with the availability of highly skilled professionals who can effectively
respond to and master the development challenges of the related economic sectors. For this purpose, capacity building
trainings have a great role to play by timely updating skills of professionals and must make significant contribution to the
development of knowledge society.
b)
The Second Five Year Development Plan (FYDP II), 2016/17 – 2020/21 (2016)
The Second Five Year Development Plan (FYDP II), 2016/17 – 2020/21, has integrated frameworks of the first Five Year
Development Plan (FYDP I, 2011/2012-2015/2016) and the National Strategy for Growth and Reduction of Poverty
(NSGRP/MKUKUTA II, 2010/2011-2014/2015) further extended to 2015/2016). The theme of FYDP II is “Nurturing
Industrialization for Economic Transformation and Human Development” incorporates the main focus of the two
frameworks, namely growth and transformation (FYDP I) and poverty reduction (MKUKUTA II). FYDP II outlines new
interventions to enable Tanzania industrialize in a way that will transform its economy and its society. More importantly,
FYDP II also implements aspects of Tanzania’s Development Vision (TDV) 2025 which aspires to have Tanzania
transformed into a middle income and semi industrialized nation by 2025 (URT, 2016). In that respect, domestic firms are
encouraged to pay attention to product development and innovation to ensure quality and appropriate marketing strategies
that make them competitive and capable of responding to global market conditions.
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From the above, it is apparent that most of the required interventions for growth and reduction of poverty are technologybased and their realisation shall obviously depend on the availability of engineers and technologists with relevant and upto-date competences (knowledge, skills, attitude and understanding) to spearhead them.
c)
Sustainable Industries Development Policy (SIDP, 1996):
The Sustainable Industries Development Policy (SIDP, 1996) for 1996 to 2020 recognizes the role of the private sector
for industrial development in Tanzania and emphasises promotion of an entrepreneurial base. The contribution of
manufacturing activities to GDP is considered important and focus is on promoting intermediate goods industries and light
capital goods and machinery industries as well as techno-economic preparations for exploitation of the country’s iron ore
deposits. In general, emphasis is given to the development of intermediate and capital goods industries as agents for
enhancing sustainable productivity, technological progression as well as structural transformation and integration. Human
resource development is regarded as an important factor for such development. Improving technical skills training, as well
as enhancing human creativity and productivity therefore become priorities.
d)
Construction Industry Policy (2003):
The Construction Industry Policy, (2003) aims at developing an internationally competitive industry that will be able to
undertake most of the construction projects in Tanzania and export its services and products, ensuring value for money as
well as environmental responsibility in projects implementation. The policy also advocates promotion and use of modern
technologies and facilities. In the regional and global market levels, the Policy emphasizes effective supervision of
construction projects. Indeed, such policy statements and/or related operational matters require to a greater extent the
availability of personnel with updated competences (knowledge, skills, attitude and understanding) at different levels in
related fields.
e)
National Employment Policy (2008):
Specific objectives of the National Employment Policy, (2008) include: enhancing competences of the labour force;
promote the goal of decent and productive employment; promote access to employment opportunities and resources by
the vulnerable and marginalised population to ensure income security and social inclusion; and improve collection,
analysis and timely dissemination of the Labour Market Information (LMI).
f)
Information and Communication Technology Policy (URT, 2003):
The current and future socio-economic trends as well as the rapid developments in science and technology advocate a
globalised economy that is knowledge-driven and being built on creativity, know-how and innovation. Obviously,
Information and Communication Technology (ICT) shall be a major driving force in that endeavour. As such ICT should
be harnessed persistently both in terms of securing the modern resources as well as training and retraining of the
relevant ICT professionals at all levels, if a country is to remain competitive.
Recognizing the importance of ICT in the promotion of priority socio-economic sectors for poverty reduction in Tanzania,
the Government has formulated the National Information and Communication Technology Policy to harness ICT
application in the country, articulating ten main focus areas including achieving strategic ICT leadership, conducive legal
and regulatory framework, human capital development, public service enhancement, infrastructure development, ICT
industry development, promotion of ICT and application, enhancing universal access to ICT and strengthening local
content in ICT.
In the process of implementing the indicated national and international development objectives, the Government has
specified the key priority sectors/areas towards sustainable national development. These include: Agriculture,
Agribusiness and Agro-Processing; Tourism and Hospitality; Transport and Logistics; Construction; Information and
Communications Technology; and Energy. Generally, priority developmental sectors are focusing on the entire population
and location in the country.
3.2 Analysis of Workforce Requirements to Realize National Strategies and Policies’ Objectives
The analysis of workforce requirements for effective realization of the National Policies’ Objectives as summarised in
Table 1 indicates that, most of the required interventions that are necessary for the transformation of Tanzanian economy,
from a predominantly agriculture one with low productivity to a diversified and semi-industrialized economy are
technology-based; and to a larger extent that can be realized by having a quality and balanced technical workforce, i.e.
adequate and competent engineers, technologists and engineering technicians in various formal and informal sectors of
which have indirect effect on job creation. Hence, investing in people, their knowledge and skills is the key for the success
of sustainable national socio-economic development.
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Table 1: Technical Personnel Requirements
Policy/Strategy/Priority Sectors
Tanzania Development Vision
2025

Related Objectives
Economy
should
be
transformed
from
a
predominantly agriculture
one with low productivity
to a diversified and semiindustrialized
economy
buttressed by science and
technology.

Second Five Year Development
Plan (FYDP II), 2016/17 – 2020/21,

“Nurturing
Industrialization
for
Economic
Transformation
and
Human Development.
Emphasis is given to the
development
of
intermediate and capital
goods industries as agents
for enhancing sustainable
productivity, technological
progression as well as
structural transformation
and integration.

Sustainable Industry Development
Policy

Necessary Interventions
Include:
alleviate productivity growth;
modernize and shift production structure
to technology based;
advance innovation and technology
adoption;
design
and
develop
industrial
infrastructure;
manage and maintain related industrial
technical processes;
develop human management systems
that can increase human capital value
Include:
strengthening
the
link
between
agriculture and industry;
design and development of industry
processing infrastructure
include:
design and development of infrastructure
for intermediate and capital goods
industries;

Construction Industry Policy

Develop an internationally
competitive industry that
will be able to undertake
most of the construction
projects in Tanzania and
export its services and
products, and ensuring
value
for
money;
promotion and use of
modern technologies and
facilities; and effective
supervision of construction
projects.

Include:
design and application of effective project
management systems/frameworks;

ICT Policy

To be a driving force
towards
achieving
competitiveness in the
globalised economy that is
knowledge-driven,
and
built on creativity, knowhow, imagination and
innovation.

ICT should be harnessed persistently both
in terms of:
securing the modern resources;
as well as training and retraining of
the relevant ICT professionals at all
levels

Key priority sectors:
-The core sectors are agribusiness,
tourism and hospitality, and energy;
-The enablers are construction,
transport and logistics, and
Information and Communication
Technology (ICT).

To develop and improve
the nation’s industry
base/infrastructure
is
necessary for the country
to improve its internal
and external trade and
commercial activities;

include:
expanding the use of alternative sources
of power, including renewable energy;
the recent discovery of large oil and gas
deposits will need development of
processing and transport infrastructure;
design and development of roads, ports,
railways, airport and industry
infrastructure

Required Technical Experts
Technology based activities
require
Engineers;
Technologists; and Technicians
with various specializations as
required by corresponding
interventions to spearhead the
processes.

Engineers; Technologists; and
Technicians
with
various
specializations to spearhead the
processes.
Engineers; Technologists; and
Technicians, including:
Mechanical engineers and
technicians; Electrical engineers
and technicians;
ICT experts at various levels;
Chemical
engineers
and
technicians; and
Food
technologists
and
technicians
requires competent experts in
engineering including:
Civil/Structural/Geotech
engineers and technicians;
Mechanical engineers and
technicians; Electrical engineers
and technicians;
ICT experts at various levels;
Architects and planners; Urban
designers; Quantity surveyors
and technicians; Land surveyors
and technicians; Valuers of
property and business; Real
estate experts and technicians;
Experts
in
environmental
issues; and
Artisans.
competent
engineers,
technicians
and
artisans
including:
Communication/telecoms
engineers and technicians;
Computer
engineers
and
technicians;
Electrical/electronic engineers
and technicians;
etc
Competent
Engineers;
Technologists; Technicians; and
Artisans in various technical
fields
are
required
in
implementing most of the
activities in the priority sectors

Source: URT, Ministry of Infrastructure Development, (2009): “Upgrading of Engineering and Technology Training
Capacity and Capability for Vision 2025”- modified by the author.
3.2 Quality of the Labour Workforce in Tanzania
The Tanzania Integrated Labour Force Survey (ILFS) 2014 Analytical Report ascertains that “education is an important
characteristic in assessing the quality of labour workforce”. In that line, the report indicates the following education
attainment levels of the work age population (persons with 15 years and above): Majority of persons (61.3 percent) had
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only primary education level; Persons that never attended formal education accounted for 22.3 percent; Persons with
secondary education accounted for 15.7 percent; vocational training accounted for 3 percent; While tertiary education
(non-university); and University education accounted for 1.8 percent and 1.3 percent respectively (ILFS 2014 Analytical
Report, 2016).
The ILFS 2014 results indicate also that, by using the national definition of youth (15-35 years of age) 55 percent of
working population is youth i.e. 14,761,562 persons of whom 12.5 million (84.5 percent) are economically active
population. Out of that, 1.5 million youths are unemployed (11.7 percent). While 11.0 million youths (88.3 percent) are
employed but higher rates are found in Rural areas (81.9 percent), whereby about two-third (65.8 percent) are in
agriculture, forestry and fishing industry. Construction and manufacturing industries rank among the least, i.e. 2.2 and 3.4
percent respectively.
In view of the above, the key issues to note from the results of the report are that: firstly, majority of persons as far as
work age population is concerned have very low and/or no education, the condition which is observed as a challenge to
the quality of labour workforce in the country; secondly, the results give a hint that there is little job creation in the
formal sector, and therefore most jobs are necessarily created in the low-productivity and low paying activities in
agriculture and private informal sectors, whereby mainly people with no formal education or/and without education are
able to participate (ILFS 2014 Analytical Report, 2016). In general, a person without education or skills has difficulty in
finding work, and when he or she finds a job, it is likely to be low paying and of uncertain duration (Shitundu, 2000).
Therefore, capacity building is necessary to impart local individuals/organizations with necessary knowledge and skills to
be job creators and not job seekers, hence minimize risk of unemployment and increase value of human capital.
3.3 Skills Mismatch and Lack of Employment/Life Skills
In the country, the quality of labour workforce is not only affected by the fact that majority of the people are with no
formal education or/and without education, but also based on the views expressed through different reports and workings,
such as ATE, (2011); Moyo, M., Simson, R., Jacob, A., and de Mevius, F., (2012); Modu, (2016); TIC, (2012); and
UNIDO, (2012) highly skilled employees with requisite knowledge and skills seem to be in short supply in various sectors
of the economy. Also graduates lack in-depth knowledge and skills of present and of emerging technologies and workrelated attributes (employment/life skills) that are considered very essential for employment (Modu, 2016). The most
recommended work-related attributes are as indicated in Table 2 below. Hence, there is a need for capacity building to
impart individuals with knowledge and skills of current technologies as well as life skills, to enhance efficiency and
accountability in different project works/undertakings.
Table 2: Most recommended work-related attributes
S/N Attribute
S/N
1.
Integrity (trustworthy)
10.
2.
Reliable
11.
3.
Teamwork ability+
12.
4.
Professionalism Ethics
13.
5.
Result-oriented
14.
6.
Self confidence
15.
7.
Self-motivation
16.
8.
Time management
17.
9.
Creativity + Innovation
18.
Source: Modu, 2016

Attribute
Commitment towards work
Detail-oriented
Planning and Organized
Positive attitude towards work
Adaptability
Visionary
Flexible
Critical thinking
Resource Management

3.4 Requirements of 21st Century
We are living in a new economy of 21st century – powered by technology, fuelled by information, and driven by
knowledge. Some of components of 21st century skills which are considered as very essential attributes for today’s
workforce in knowledge-based economy and global society, which include: Digital age literacy; Inventive thinking;
Effective communication; and High productivity.
An important note to take into consideration is that, as technology changes, the knowledge and skills needed to deal with
those changes and the complexities of life also change, and Tanzania is also obliged to cope with the reality of 21st century
requirements. Hence, there is a need for continuing capacity building to impart individuals and organizations with
necessary components of 21st century skills. For instance, according to the 21 st Century Literacy Summit (2002),
“Information and communications technologies are raising the bar on the competencies needed to succeed in the 21 st
century. Both researches and the business community agree: Effective communication skills are essential for success in
today’s knowledge-based society”.
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3.5 Local Firms lack Human Management Systems
The concept of “Human Capital” suggests that a person set of skills will not lead to a productive human capital unless well
utilized. This implies that there are other factors to be involved that need to be taken on board concurrently to minimize
risk of unemployment and increase value in human capital. Such factors include the country’s effective economic
infrastructure, leadership and human management systems in organizations to oversee how well people are managed and
can promote and facilitate the redeployment of resources from less efficient to more efficient uses (Modu, 2016). A wellfunctioning economic infrastructure and human management systems allow organizations, human resource, and
institutions to adjust to changing opportunities and demands in flexible and innovative ways (Utz, 2006). Without such
infrastructures and systems that deploy resources productively, it is possible to have a strong educational base and a highly
developed Research and Development (R&D) system but still to miss out on the full benefits of the intended knowledgerelated achievements with little or no returns in investing in higher education and training (Utz, 2006). As Hansson, (2009)
put it, organizational capacity must also be developed, not just individual skills for effective utilization of the later.
In Tanzania, according to Modu (2016), the sole ownership management system is dominating in local firms and proper
human resource management systems/structures are lacking. Also most of the organizations are on routine-based jobs,
which do not have elements of creativity or innovation. In order to deploy resources productively and increase human
capital value:
a)
Local companies need to shift from routine jobs procedures to other work methods that encourage innovations and
creativity to increase human capital value;
b)
Local companies need support to improve capacity and to move from sole ownership management system to
corporate management to achieve quality of production; and
c)
Also, local companies need to create practical link with higher learning institutions as they are associated with
exploration of new knowledge and technological advancement through research and development
4.0

CHARACTERISTIC OF EFFECTIVE CONTINUING CAPACITY BUILDING

Essential characteristic of “Effective Capacity Building/Development” is “transformation”, i.e. bringing about desired
changes that empower individuals, organizations, communities, etc. Otherwise as it is also outline in A UNDP Premier,
(2009) that “If something does not lead to change that is generated, guided and sustained by those whom it is meant to
benefit, then it cannot be said to have enhanced capacity, even if it has served a valid development purpose”.
Therefore, in that regard, skills development strategies and various kinds of capacity building programmes (CPDs) must
ensure that emerging technologies and other 21 st Century skills which are considered as necessary for professional and
organizational growth are taken on board and bring about changes in capacity of local professionals and organizations so
as to keep up with the pace of technological advancement and be able to develop and sustain physical infrastructure.
In other words, substantial efforts have to be strategically directed towards continuously building the local capacity in
terms of mental infrastructure to develop and sustain physical infrastructure, and put evaluation mechanism in place to
measure the impact levels of the same, thereby ensuring achievement of self-sufficiency and self-reliance to cope up with
and handle the changes for sustainable national socio-economic development. Otherwise, Tanzania as a country will
remain merely as an observer of globalization and keep on importing labour workforce/expertise from other countries.
5.0

CONCLUSION

In Tanzania, some of the major physical infrastructure undertakings are currently done through engagement of foreign
labour workforce/expertise, and that could be attributed by lack of local capacity. However, it is urged that, in the meantime
maintenance and sustenance of the developed infrastructure could still be done through deployment of local firms and
manpower. But this can only be reliably done if there is adequate local capacity in term of skilled personnel and strong
local firms. It is in that respect that, “dynamic and effective skills development strategy and continuing capacity building
programmes” for the professionals and organizations in the world of work are of strategic importance.
6.0
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EMBRACING DESIGN-BUILD METHOD AS AN OPTION FOR SUCCESSFUL DELIVERY
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ABSTRACT
Great demand for physical infrastructure in sectors such as transportation, energy and water supply
obliges construction industry in Tanzania to perform successful and maximize its contribution to the
sustainable socio-economic development of the nation. Apparently, construction industry in Tanzania is yet
to achieve envisaged level of success due to issues such as cost overruns and delayed project delivery.
Many factors affect success in construction projects, but delivery approach resulting from the selected
procurement and contracting methods is one of the key recognized factors. Despite its low usage in
Tanzania, Design-Build method, which inculcates alliance of key delivery players and integrates major
delivery stages, is acknowledged worldwide to be a better option in addressing construction problems
related with cost overruns, time overruns, cost uncertainty and contractual disputes. Accordingly, a study
was conducted with an objective of assessing suitability of Design-Build method as an option for improving
delivery of construction projects in Tanzania. Questionnaire survey, interview sessions and literature
review were utilized. The study found most practitioners in Tanzania consider Design-Build as
advantageous method associated with successful performance in terms of cost certainty, completion time
and dispute management. It also found that most of global features and best practices of the Design-Build
method are applicable to the Tanzanian environment. However, a number of challenges that limit use of
the method in the country were noted. The study concluded that Design-Build method is a beneficial option
that can be adopted to enhance performance of construction industry in Tanzania. For purpose of
mitigating limited usage the study recommends awareness sessions with practitioners. Relevant regulatory
bodies are encouraged to embrace Design-Build by publishing standard bid documents specific for the
method and introduce specialist category of registered firms classified and empowered to handle DesignBuild projects.
Keywords: Best practices, Contracting options, Design-Build, Procurement, Project performance.

1.0

INTRODUCTION

Construction industry in Tanzania is a fundamental economic sector which permeates most of other sectors as it transforms
various resources into constructed physical infrastructure necessary for socio-economic development of the nation (MoW,
2003). As stated by Ngowi (2002), in developing countries, construction industry is the key barometer of economic
performance and contributes a significant percentage of the gross domestic product (GDP) of the countries.
Correspondingly, BoT, (2018) shows that construction industry in Tanzania contributed 14.1% of the country’s GDP in
year 2017 and the annual construction revenues in Tanzania has steadily grew from TZS 4.49 trillion (7.3% of GDP) in
2012 to TZS 16.58 trillion in 2017. This reflects growing investment in major infrastructure projects in Tanzania
particularly standard gauge railway, airports, marine ports and roads.
However, it is unfortunate fact that Tanzania, like many other developing countries, is still characterized by insufficient
volume of the essential infrastructure services. The lack of adequate infrastructure is one of the biggest threats to longterm national growth, though at the same time it can be considered as an opportunity for construction industry to contribute
to the well-being of the nation. As stated in the National Construction Industry Policy (NCIP) 2003, achievement of
objectives and goals of all other national priority sectors in Tanzania such as education, health, water, agriculture,
manufacturing, tourism, mining, energy, land and good governance depends on the availability of reliable, strong and
competitive local construction industry (MoW, 2003).
Notwithstanding a fact that construction industry in Tanzania has a big and important role in the achievement of socioeconomic wellbeing of the nation, inherent situation in Tanzania as in many other developing countries, inflict
overwhelming challenges to the industry. According to MoW, (2003) weaknesses, problems and constraints hampering
performance the construction industry in Tanzania have always resulted from:
1.
Weak resource base and inadequate experience among many of local construction firms;
2.
Inadequate work opportunities and unsuitable contract packaging that favour foreign firms;
3.
Inefficient procurement system;
4.
Corruption and financial mismanagement;
5.
Unsupportive institutional mechanisms such as lack of financial credit facilities;
6.
Unfavourable donor conditions which tend to marginalize local construction enterprises;
7.
Poor working environment, including low standards of safety on construction sites;
19
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8.
9.
10.

Weak and non-facilitative policies and regulatory framework;
Low productivity and
Low technological base.

Without belittling other factors, procurement system is considered by many authors as one of the key determinants of the
performance of construction industry in any country. Love et al (1998), Babatunde et al (2010), Muriro & Wood (2010),
Oshungade & Kruger (2015), Naoum & Egbu (2016) and many other authors have reviewed various aspects of
procurement systems, searching for solutions to overcome problematic procurement practices and identifying best
practices for purpose of enabling the construction industry to effectively deliver its intended objectives.
Procurement is an aspect of construction activity in which project participants are solicited, acquired, engaged and
assembled together for purpose of executing their respective contractual obligations. The Charted Institute of Building
(CIOB) asserts that good procurement is synonymous with a successful project (CIOB, 2010). Typically, all project parties
desire to have certainty and assurance that construction project they are involved with shall be delivered on time, within
budget and to the agreed quality criteria. Accordingly, and as asserted by Simister (2009), selection of the most appropriate
procurement route is a critical step towards achievement of the said minimum project success criteria. A number of
procurement methods and their variants are available as alternative options that can be adopted by construction clients.
Simister (2009) has grouped procurement methods into the following four approaches;
1.
Traditional (separated design, bid, build) methods.
2.
Management methods (Management contracting and Construction Management)
3.
Package methods, famously known as Design-Build method,
4.
Partnering methods such as build, operate, transfer (BOT), build, own, operate, transfer (BOOT) or design, build,
finance and transfer (DBFT).
The difference between these approaches is attributed to variations in responsibilities of the main parties in carrying out
the five key functions of a typical construction projects namely; designing, building, management, financing and operation
as indicated in Table 1.
Table 1: Responsibilities of Project Participants (Source: www.Basic CivilEngineering.com)
Procurement
Function of Construction Project
method
Design
Build
Management
Finance Operation
Traditional
Consultant
Contractor
Consultant
Client
Client
Design-Build
Contractor
Contractor
Bridging Consultant
Client
Client
Management
Consultant
Specialized Contractors
Contractor
Client
Client
Contracting
All function shall be carried out by contractor (Concessionaire) and ownership of project shall be
Partnering
transferred to client
Another factor that distinguishes the four procurement approaches is respective contracts adopted to govern relationships
between parties of a particular project as illustrated in Figures 1 to 4.

The client enters into separate
contracts with designers and
constructers. Thus, architects and
engineers prepare designs in
collaboration with quantity surveyors
who advice on the cost implications of
design
variables.
Thereafter,
contractors who are solicited through
tender processes execute the work as
designed under the supervision of the
consultants.
Figure 1: Contractual relationship for Traditional Method
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Client enters into a single contractual
relationship with the Design-Build
contractor who is engaged to provide
design and construction services
using its own employees or
consorting with other qualified
subcontractors,
independent
designers, and specialist consultants.

Figure 2: Contractual relationship for Design-Build Method

Management Contracting is
also known as Construction
Management. In this method,
consultants are responsible for
design services while contractor
acts as a construction manager.
The management contractor
manages the project by
engaging and managing the
packages of construction work
executed
by
specialist
contractors
Figure 3: Contractual relationship for Management Contracting Method
Client
(Government/Public
Institution)

Concession
Agreement

Sponsors/
Shareholders

Concession Company
(Private Promoter)

Users of the
Product

Lending Banks

Construction
contractors

Material
Suppliers

Operators

Client (Public) grants a concession to a
private promoter (Concessionaire)
who is responsible for construction,
financing,
operation
and
maintenance of a facility over the
period of the concession before finally
transferring the facility, at no cost to
the Client, as a fully operational
facility. During the concession period,
the Promoter owns and operates the
facility and collects revenues in order
to be able to repay the financing and
investment costs.

Figure 4: Contractual relationship for Partnering Methods (BOT, BOOT, DBFT etc.)
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Because of a reason that clients’ objectives differ and project settings do not always match, it is a fact that no any specific
procurement route can be considered to be appropriate choice for all construction projects. Nevertheless, Love et al (1998)
asserts that there is always one procurement method that in some sense is ‘a better choice’ than all others for a particular
project. Reinforced by this assertion, and in consideration of the contemporary project settings, together with clients’
objectives of the recent times, is the fact which is being supported by many authors that Design-Build method is becoming
increasingly a suitable procurement approach that enables construction clients to deliver their project successfully.
While Design-Build is continuing to become prominent procurement method in the world, its use in Tanzania is still at a
very minimal level. Records of awarded contracts indicate very few construction projects in Tanzania are being delivered
using the Design-Build contracting approach. Few prominent projects include construction of Terminal 3 at Julius Nyerere
International Airport in Dar es Salaam, extension of Kilimanjaro International Airport, construction of National Housing
Corporation (NHC) building complexes in Dar es Salaam and construction of Standard Gauge Railway line from Dar es
Salaam - Morogoro - Makutupora in Singida. There are also instances of smaller Design-Build contracts where individual
clients engage a firm or a professional to oversee and carry out both the design and the construction activities for their
buildings.
Public Procurement Regulatory Authority (PPRA) that sets standards for public procurement in Tanzania, has issued
various standard bidding documents (SBDs) for procurement of works, but none is specific for the Design-Build approach.
Most of the issued SBDs are based on the traditional procurement method. Because of the absence of SBD for DesignBuild, PPRA is allowing public client in Tanzania to adopt and customize international standard documents such as FIDIC
Plant and Design-Build Contract and JCT Design-Build Contract to suit the settings of their construction projects.
Correspondingly, Regulation 129 of the Public Procurement Regulations, 2013 recognise and ratify the use of package
methods including Design-Build, design & construct and turnkey methods for public construction projects in Tanzania
(URT, 2013).
2.0

STATEMENT OF THE PROBLEM

Based on the preceding reviews, it is evident that there are no restrictions in the use of Design-Build approach for both
public and private construction projects in Tanzania. The method is recognised by the Public Procurement Act and clients
are also allowed to make use of international SBDs for their Design-Build procurement processes. Despite all these,
Design-Build procurement method is scarcely being utilized by construction clients in Tanzania. Consequently, the
worldwide acclaimed benefits of the Design-Build method are not experienced and realized by many of the construction
clients and practitioners in Tanzania.
3.0

STUDY OBJECTIVES

Accordingly, a study was conducted to assess the suitability of Design-Build contracting approach as an opportunity for
improving performance of construction projects in Tanzania. The study was steered by three specific objectives namely;
i)
To explore perceptions of construction practitioners in Tanzania towards the Design-Build contracting approach.
ii)
To discern factors that hinder adoption of Design-Build contracting approach in Tanzania.
iii)
To establish and recommend best practices that can be adopted by practitioners in Tanzania for implementing their
construction projects using the Design-Build approach.
4.0

BRIEF REVIEW OF DESIGN-BUILD METHOD

Many authors, including Lam, et al (2003), Levy (2010), Xu & Greenwood (2006), Gard (2004) and Ojo, et al (2011),
acknowledge that Design-Build method has gained considerable favour among construction clients because of its costeffective approach and rapid completion of the construction cycle. The authors have reviewed strengths and weaknesses
of the Design-Build method in comparison with other methods and have concluded that, worldwide, Design-Build method
is becoming superior in meeting client objectives of avoiding cost and time overruns.
Likewise, Hashem (2014) declared that Design-Build is the fastest growing construction project delivery approach in the
United States of America (USA) and in many other parts of the world. He asserts that Design-Build is neither a new nor a
revolutionary approach, but is the oldest known form of construction and has been in use since the inception of construction
industry. The Design-Build concept, historically known as the "master builder" concept, has been reported as being in use
for over four millennia. Cushman & Loulakis (2001) noted that many of the recognizable and historically significant
building projects from ancient Egypt, Greece and Rome were delivered using the “master builder” concept. Examples of
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historical Design-Build work from the world’s first civilizations include the Giza pyramids of Egypt built in 2675 BC and
the Florence Cathedral in Italy completed in year 1296 AD.
4.1 Performance of the Design-Build Method
Tsai et al (2014), reviewed a number of studies and confirmed that Design-Build delivery method is more appealing
because it allows the use of fast-track construction, improves the ability to manage risk as a result of having a single point
of responsibility, expedites the project schedule and encourages the development of innovative practices. Another
attractive feature of the method is its ability to enable procurement and initial construction activities to commence well in
advance of the completion of final design. This, in turn, shortens project duration as portrayed in Figure 5, which shows
time saving attribute of the Design-Build method in comparison with the traditional method.

Figure 5: Time saving attribute of Design-Build method (Source: Billings Construction Company)
Growing superiority of the Design-Build method is also evidenced by a study undertaken by Construction Industry
Institute (CII) in the USA. As shown in Table 2, the study established that using Design-Build instead of traditional method
will enable cutting down project unit cost by 6.1% while the use of Design-Build instead of Construction Management
method will lower project unit cost by 4.5%. In regard to construction speed, Design-Build method is 12% faster than
traditional method and 7% faster than the Construction Management method. Other used measures are delivery speed,
cost growth and schedule growth.
Table 2: Performance of Project Delivery Methods (Source: Design-Build Institute of America)
Metric
Design-Build v/s Design-Bid-Build Design-Build v/s Construction Management
Unit Cost
6.1% lower
4.5% lower
Construction Speed
12% faster
7% faster
Delivery Speed
33.5% faster
23.5% faster
Cost Growth
5.2% less
12.6% less
Schedule Growth
11.4% less
2,2% less
Superior performance of the Design-Build method is also becoming evident in some of the African countries. Oshungande
& Kruger (2015) in their study found that while traditional method of procurement is still the most used route in South
Africa, at 62% market share, Design-Build is the method that produces the best outcome in terms of project objectives.
Similarly, Idiake et al (2015) and Ojo et al (2011), while comparing performance of procurement methods in the Nigerian
construction industry, both discovered and pointed out that Design-Build method perform better in terms of cost and time
than the traditional method.
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In spite of the global acclamations around the Design-Build, Hashem (2014) cautions that the method is not necessarily
the best project delivery approach for all cases and in every project. Accordingly, users should diligently take note of
advantages and disadvantages of the method before adopting the same into their particular construction project.
4.2 Advantages and Disadvantages of the Design-Build Method
Client who choose to adopt Design-Build method are likely to experience the following advantages;
a.
They have only to deal with one firm, avoiding the need to commit resources and time to contract separately with
designers and contractors. There is a great reduction in administrative burden on part of the client.
b.
The method improves buildability of construction works, which is one of the important requisite for successful
delivery of the project. Unlike other methods, Design-Build enables constructor to participate and provide viable
inputs throughout the design process.
c.
Price certainty is obtained before construction starts provided client’s requirements are adequately specified and
changes are not introduced. Production of adequate and accurate project documentation reduces opportunity for
disputes and cost variations.
d.
Reduction of total project time is assured because early completion is made possible by overlapping of activities.
Construction can commence before design work is fully completed, thus reducing project duration associated with
less project total cost.
e.
There are likely to be fewer contractual claims, because factors which commonly trigger such claims are mainly
under the jurisdiction of the contractor.
Construction clients should also consider the following disadvantages that are likely to be encountered in the Design-Build
projects;
a.
Design-Build contract is unforgiving to the extent that badly assembled requirements will result in contractor’s
proposal which do not satisfy the employer. Change to client requirements or projects scope can become very
expensive.
b.
The client is required to accept and commit to a concept design at an early stage and often before the detailed design
is completed.
c.
Submitted bids are often difficult to compare because each design will be different, project programmes vary
between bidders and bid prices will be different for each design.
d.
There is no design overview unless separate consultants are appointed by the client for this purpose. A separate
(bridging) consultant is an additional cost for the client.
e.
Relatively fewer firms offer the design and build services so there is less real competition.
5.0

STUDY METHODOLOGY

The study employed both qualitative and quantitative inquiry methods. Qualitative methods were used to explore and
explain the nature of Design-Build approach in Tanzania and to find out different perceptions and experiences of
construction practitioners towards the approach. Quantitative method, on the other hand, were applied to determine extent
of challenges that limits the adoption of Design-Build contracting in Tanzania and also applied to quantify variation and
diversity of stakeholders’ perceptions towards the Design-Build approach.
In view of study objectives, together with limitation on the available time and resources, primary data collection was
confined to questionnaire and interview surveys only. Collection of secondary data involved in-depth literature review of
previous studies on the subject of Design-Build. Questionnaire was administered to preselected study population
comprised of engineers, architects and quantity surveyors sampled from lists of members on websites of respective bodies,
the Institution of Engineers Tanzania (IET) and the Architects and Quantity Surveyors Registration Board (AQRB).
Interview was conducted to the selected and readily available organizations namely; Contractors Registration Board
(CRB), National Housing Corporation (NHC) and M/s Construction Services Consultants Limited (CSC). Interview
survey was done for purpose of supplementing and substantiating information collected through the questionnaire survey.
Because of a large study population, sampling was done to obtain optimum number of respondents for gathering reliable
and unbiased information. As a result of sample size computation, a total of 128 sampled respondents were invited to
participate in the questionnaire survey that was administered using an online tool, the SmartSurveyTM whereas 93 of them
submitted their responses. Semi-structured face to face interview was used to collect information from officials appointed
to respond on behalf of their respective institutions.
The SmartSurveyTM survey tool was also used for analysis of data collected through closed-ended questions. The process
was fully automated and the tool gave out processed data and the already computed statistical results including the mean,
standard deviation and variance. Data collected from open-ended questions and interview sessions were analysed using
content analysis approach involving editing, coding, classification and tabulation of information.
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6.0

RESULTS AND DISCUSSION

The analysed information gave out profile of respondents together with outcomes of the three study objectives that aimed
to explore stakeholders’ perspective, to identify limiting factors and to establish best practices in regard to adoption of
Design-Build project delivery method in Tanzania.
Results indicate that majority of respondents (79%) are mature professionals aged above 35 years whereas more than half
of them (53.5%) have more than 10 years’ experience in the construction industry. Almost all respondents (96%) have in
one way or another participated in the procurement processes and about two third of surveyed stakeholders have a
background knowledge on the Design-Build method. This indicates that opinions gathered in this study are credible and
reliable because they have been given by experienced and knowledgeable practitioners.
6.1 Stakeholders Perception
Opinion about performance of construction industry in Tanzania was measured based on the five project success criteria
namely; cost, quality, time, freedom from contractual disputes and adherence to Health, Safety and Environmental (HSE)
regulations as summarized in Table 3.
Table 3: Measures of success in construction project delivery (%)
Success Criteria

Always

Often

Sometimes

Rarely

Never

Completion within the specified budget.

2.9

8.6

24.3

61.4

2.9

Completion to the desired quality specification

0.0

35.7

51.4

10.0

2.9

Projects are delivered within specified duration.

4.2

25.4

56.3

14.1

0.0

Projects are free from contractual disputes.

2.9

21.4

57.1

15.7

2.9

Construction sites adhere to HSE regulations

5.7

52.9

27.1

11.4

2.9

The results indicate that construction projects in Tanzania are rarely completed within the agreed budget. Success criteria
on quality, completion within time and freedom from contractual disputes are achieved occasionally but not always. On
the other hand, stakeholders’ opinions indicate that performance criteria in regards to HSE requirements are often
achieved. Results in Table 4 indicate respondents’ familiarity with the four basic procurement approaches in Tanzania.
This is also a measure of preparedness of construction stakeholders to use a particular method. Scales of 5 and 4 indicate
high familiarity while 2 and 1 indicate degree of unfamiliarity. Based on these results 91.5% of respondents are familiar
with the traditional procurement, 47.9% with management contracting and 42.8% are familiar with Design-Build method.
Only 25.7% are familiar with partnering method. These results confirm that traditional project delivery is still the most
familiar and highly used method by construction stakeholders in Tanzania.
Table 4: Measures of familiarity with the basic procurement methods (%)
Procurement method

5

4

3

2

1

Traditional (design, bid & build)

62.9

28.6

4.3

0.0

4.3

Management Contracting

9.9

38.0

31.0

15.5

5.6

Design & Build

7.1

35.7

35.7

17.1

4.3

Partnering (e.g. Build, Own, Transfer)

7.1

18.6

27.1

34.3

12.9

Suitability of the Design-Build method in Tanzania has been measured using respondents’ opinion about construction
projects where Design-Build approach has been applied. Results in Table 5 indicate that 49.30% of respondents have the
view that performance of project where Design-Build method has been adopted was good and 42.25% consider
performance to be reasonable. Likewise, results of interview survey have shown that clients using Design-Build method
experienced success in terms of cost certainty, timely delivery, proven value for money and mitigation of delivery risks
on their projects.
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Table 5: Measure of performance of Design-Build method in Tanzania
Measure of performance

Response (%)

1

Excellent

2.82%

2

Good

49.30%

3

Reasonable

42.25%

4

Poor

2.82%

5

Do not know

2.82%

6.2 Factors that limit the use of Design-Build method in Tanzanian
Based on stakeholders’ opinion, factors that limit application of Design-Build method have been listed in Table 6 in the
order of their impact.
Table 6: Assessment of factors that limit application of Design-Build method (%)
No

Limiting Factors

Agree

Neutral

Disagree

1.

Clients hesitate due to fear of the unknown.

97.1

2.9

0

2.

Clients prefer the familiar traditional method.

92.5

3.0

4.5

3.

Competition is restricted to "the biggest contractors” only

73.5

11.8

14.7

4.

Limited acceptance from a section of construction professionals.

67.7

23.5

8.8

5.

Lack of national Standard Bidding Documents for the method.

61.2

19.4

19.4

6.

Contractors are not capable to manage design work in the projects

59.7

19.4

20.9

Based on interview survey, the study identified challenges encountered by clients and consultants in the process of
implementing Design-Build projects. Results of interview survey are summarized in Table 7 and Table 8, respectively.
Table 7: Challenges encountered by Clients in the use of Design-Build Method
Lack of clear understanding about D&B concept among stakeholders.
Fear of unknown among decision makers. Feeling that D&B is an unexplored method prone to failure.
Being one of the first implementers of D&B building projects among public institutions.
Contradictory regulations. (there was a feeling that D&B re-introduce ‘design competition’ which is prohibited)
Lack of specific SBDs for Design-Build method cause substantial time wastage in securing approvals to use international SBDs
such as those issued by FIDIC and JCT.
Insufficient number of firms (consultants and contractors) capable of implementing Design-Build projects.
Poor response to Design-Build tender invitations.
Table 8: Challenges encountered by Consultants in the use of Design-Build Method
Procurement Laws in Tanzania are based on Traditional procurement approach where design and construction are stipulated
as separate activities to be executed by separate entities.
Lack of familiarities with D&B among client’s decision makers cause internal hesitancy to grant approvals, hence delayed
milestones.
Employer requirements used for bidding were not clear. They had to be re-casted to ensure proper framing of contract.
Too much of risks transferred to contractor had to be taken on board by pricing them on work item hence an increase of tender
price.
Being a public project, there have been a lot of third party reviews by government agencies most of which are not familiar with
the method.
6.3 Best practices in the use of Design-Build project delivery method
The study established a number strategies and practices that can be useful to construction clients who intend to adopt
Design-Build approach for their projects. Strategies and practices indicated on Tables 9 and 10 are the results of
questionnaire and interview surveys, respectively. The results correspond closely with a list of best practices compiled by
Design-Build Institute of America and published in a document known as “Design-Build Done Right” (DBIA, 2014).
Study results from literature review, found that DBIA document comprises of a list of best practices that have been written
to be universally applicable and appropriate for use in any type of Design-Build project.
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Table 9: Strategies that can enhance use of Design-Build method
Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

Selection of procurement approach based on project
objectives instead of familiarity only.

24.6%

69.2%

6.2%

0.0%

0.0%

Enhancing stakeholders’ awareness by arranging
study and professional forums

29.7%

68.8%

1.6%

0.0%

0.0%

Responsible authorities to prepare SBDs specific for
Design-Build approach.

51.5%

40.9%

7.6%

0.0%

0.0%

Responsible authorities to recognize and register
specialist Design & Build contractors.

40.9%

47.0%

9.1%

1.5%

1.5%

Clients to establish in-house units comprised of
competent construction professionals.

21.2%

43.9%

27.3%

4.5%

3.0%

Construction clients to outsource the tasks to another
organization.

12.1%

42.4%

25.8%

19.7%

0.0%

Table 10: Best practices adopted by client to facilitate use of Design-Build method
Creating awareness among internal stakeholders
Establishing teams to review and prepare required processes
Preparation of well detailed requirements to ensure little room for future changes to project scope
Collaborate with FIDIC for consent and permission to use their D&B documents
Prompt correspondence with regulatory authorities for permission to use SBDs that are not issued by PPRA.
Accordingly, the global practices that have been tested and confirmed useful, including those published by DBIA, are
considered to be applicable to Tanzanian construction industry and valuable reference to prospective construction clients
who wish to employ Design-Build approach. As guided by DBIA (2014), implementing their universal Best Practices on
any type of Design-Build project will increase probability of completing a project successful and meet expectations of all
stakeholders.
7.0

CONCLUSIONS AND RECOMMENDATIONS

Based on the study results, distinct conclusions have been drawn for each of the three specific study objectives and the
said conclusions have been used as the basis for deducing and proposing recommendations on how the outcome of the
study can become beneficial.
7.1 Conclusions
On the basis of stakeholders’ views, the study concludes that performance of construction projects in Tanzania is good on
aspects of meeting HSE but is just reasonable on aspects of quality criteria, completion time and freedom from dispute.
The study found that performance is generally poor in meeting budget criteria. In regard to the choice of procurement
methods, this study concludes that traditional procurement method is still the most familiar and highly used method in
Tanzania. Furthermore, the study considers that making proper choice of procurement method is of paramount importance
and selection of procurement method should align with basic features of the project rather than using rule of thumb based
on familiarity.
The study has noted that adoption of Design-Build method in Tanzania is still at lower levels, but concluded that project
performance where Design-Build method has been applied is good in terms of cost certainty, completion in time and
dispute management. Likewise, it has been observed that global features and best practices of the Design-Build method
are also applicable to the Tanzanian construction industry. Accordingly, the study concludes that construction environment
in Tanzania is intrinsically conducive for practicing Design-Build contracting method.
The study has identified a list of factors that limit adoption of the Design-Build method in Tanzania and concludes that
the following three are the major hindrances that require mitigation strategies;
i)
Lack of awareness and technical understanding needed for administering and managing Design-Build projects.
ii) Fear of unknown for clients who have never used any other procurement method besides the familiar traditional
‘design-bid-build’ method.
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iii) Non supportive regulations including the fact that Design-Build method is not clearly ratified and published SBDs
are mostly based on the traditional procurement approach.
Finally, on the basis of a number of identified strategies consistent with best practices published by trusted global
institutions such as DBIA, together with the facts that Design-Build method is not restricted in Tanzania and clients can
adopt international SBDs for procurement processes, the study considers there is sufficient rationale to conclude that
Design-Build method is a potential solution to most of problems currently encountered by the construction industry in the
country. Design and Build method is therefore a suitable option for performance improvement and successful delivery of
construction project in Tanzania.
7.2 Recommendations
Based on study results and the conclusions drawn from them, the following recommendations are considered appropriate
and are proposed to facilitate useful application of the Design-Build contracting approach aimed at performance
improvement and successful delivery of construction projects in Tanzania;
i)

Regulatory bodies and professional associations related with construction industry including ERB, AQRB, CRB,
IET, AAT and TIQS, should develop programs for creating awareness to their respective members about suitability
and efficiency of the Design-Build contracting approach.
ii) Clients should arrange for trainings to expose their technical staff and decision makers on the best ways to manage
and administer Design-Build construction projects. Client’s team should be imparted with sufficient knowledge and
competence to make informed decisions and are advised to take advantage of availability of universal best practices
and success strategies that have been confirmed useful in execution of Design–Build projects.
iii) Design-Build clients should use procurement process that focuses on the qualifications of the design-builder and its
key team members rather than tender price and therefore award the job to design-build teams that have demonstrated
strong design management expertise and project management capabilities required for execution of Design-Build
projects.
iv) Design-Build contractors should possess a thorough understanding of project build ability and competence in
utilization of appropriate construction methods. Contractors should constitute relevant project teams at early project
stages and keep them together throughout the duration to maintain project build ability.
v) Respective regulatory institutions should make arrangements that will enable recognition of the Design-Build as an
independent project delivery approach by;
Preparing and publishing SBDs specific for procuring Design-Build construction projects.
Establishing specialist category of registered contractors specifically organized and empowered to handle
Design-Build construction projects.
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ABSTRACT
Value-for-Money (VfM) is a term used to assess whether or not engineering projects have realized maximum
benefit from the funds spent. However, the survey of the literature has shown that there is no universally
accepted VfM framework to assess this concept for engineering projects. Neither is there a common
understanding on what VfM entails. The current trend also tends to shift from conventional financial and
compliance assessment or audits in order to assess whether maximum benefit are realized from public funds;
hence the need to develop comprehensive, accurate and acceptable VfM framework. Assessment of VfM
entails carrying out an independent, systematic and objective examination of the economy, the efficiency,
the effectiveness and the environmental impact of a programs, projects or activities, also commonly known
as 4E’s. Empirical approach on project viability, adequacy of design or definition of User Requirements,
selection of best contractor to executed the project, and meeting specified standards and quality are
presented. The paper concludes that in assessing VfM in engineering projects, requires one to examine the
entire scope of the project to determine that the project has been planned, designed, specified and constructed
to comply fully with the requirements (specifications) and standards. In order to achieve VfM, the works must
be planned, designed and specified properly to take into account economy, efficiency, effectiveness and the
environment. In addition, the Contractor selected to execute the works must deliver high quality works,
consistent with the stipulated specifications, at the most cost-effective price. The paper highlights VfM
concept, lists types of assessment/audits and summarizes national legal framework on VfM assessment in
engineering projects. Some of the VfM standard manuals and Guidelines are listed. The paper also presents
empirical approaches on VfM assessment currently in use in Tanzania are presented. Challenges on
assessing all engineering projects are also summarized and a way forward is proposed.
Keywords: Assessment, engineering projects, Framework, Value-for-Money, 4E’s

1.0

INTRODUCTION

The paper briefly highlights possible parameters to be used in realization of Value-for-money (VfM), presents challenges
in assessing VfM. A way forward is proposed at the end of the paper.
1.1 What is a Project?
A project20 is a temporary endeavour undertaken to create a unique product, service or result. Attributes of a project
(inclusive of engineering projects) are:
–
unique purpose,
–
temporary,
–
requires resources, often from various areas,
–
has a primary sponsor and/or customer, and
–
involves uncertainty.
1.2 Value-for-Money (VfM)
INTOSAI21 defines performance or VfM audit as an independent examination of the efficiency and effectiveness of
government undertakings, programs or organization with due regard to economy, and the aim of leading to improvements.
The second edition of the Handbook in Performance Auditing issued by the Swedish National Audit simplifies the
definition of performance auditing as examining whether public institutions “are doing the right thing” and doing this
“in the right and least expensive way”. This simplified definition brings us again to the core of VfM audit within the
framework of economy, efficiency, effectiveness and the environment.
Broadly defined value-for-money (or performance) audit is an independent, systematic and objective examination of the
economy, the efficiency, the effectiveness and environmental impact of government programs, projects or activities. VfM
audit therefore pays attention to the 4Es, namely economy (minimizing cost but considering quality), efficiency (making
the most of your resources), effectiveness (how well a program, project or an activity has achieved its objective) and
environment (minimum impact is induced by the program, project or activity to the surroundings). The 4E’s, which are
relevant terms to define VfM concept are summarized below:

20
21

Project Management Body of Knowledge (PMBOK) – Fourth Edition
INTOSAI: International Organisation of Supreme Audit Institutions
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Effectiveness
Efficiency
Economy
Environment

An end-oriented concept that measures impact or the degree to which predetermined goals and
objectives of a particular organization, program, project, or activity are achieved.
Making the best use of available resources.
Minimizing the cost of resources used for a program, a project or an activity without
compromising quality.
minimizing negative impacts of a program, a project or an activity to the surroundings

1.3 Other types of audits
An audit is an examination of results to verify their accuracy by someone other than the person responsible for producing
them. An assessment is a judgement made about the results. Assessment therefore goes further than an audit as it involves
the determination of actions necessary to make the assessed entity compliant.
1.3.1 Technical Audit
The National Construction Council (NCC)22 defines technical audit of a construction project as “an independent
examination and, or investigation into the planning, design, procurement and implementation of a construction project,
with a view of providing the top management and financiers with an independent appraisal on all the issues adversely
affecting the project performance.”
From the definition above, it can be inferred that technical audit requires one to examine the entire scope of the project to
determine that the project has been planned, designed, specified and constructed to comply fully with the requirements
(specifications) and standards. In order to achieve VfM in construction projects, two conditions must be fulfilled. First,
the works must be planned, designed and specified properly to take into account economy, efficiency, effectiveness and
the environment. Secondly, the contractor selected to execute the works must deliver high quality works, consistent with
the stipulated specifications, at the most cost-effective price. For these conditions to be realized, public institutions must
also embrace internationally accepted principles of VfM at all stages of project cycle. These principles are good planning
and clarity of objectives, openness and transparency, professionalism and ethical conduct, competent oversight and
compliance with national statues and regulations.
Technical audits are generally expected to lead to improved infrastructure quality and value; assured application of public
funds; transparent, cost effective procurement of works, goods and services; decreased project quantity and cost variations;
decreased annual maintenance expenditure; and increased project life with decreased life cycle costs.
1.3.2 Financial Audit
In accordance with ISSAI 20023 financial audits focus on determining whether an entity’s financial information is
presented in accordance with the applicable financial reporting and regulatory framework. It is further stated that the
purpose of an audit of financial statements is to enhance the degree of confidence of intended users in the financial
statements. This is achieved through the expression of an opinion by the Assessor as to whether the financial statements
are prepared, in all material respects, in accordance with applicable financial framework, or – in the case of financial
statements prepared in accordance with a fair presentation financial reporting framework – whether the financial
statements are presented fairly, in all materials respects, or give true and fair view, in accordance with that framework.
Financial audit is therefore an assessment to determine whether the accounts are true and fair. While VfM or performance
audit has a special purpose, deals with many different problems and differs around the world but the core concepts are the
same, financial audit is standardized and does not involve other professions apart from accounting.
1.3.3 Forensic Audit
Forensic audit is an examination and evaluation of an organization’s or individual’s financial information for use as
evidence in court. A forensic audit can be conducted in order to prosecute a party for fraud, embezzlement or other financial
claims. In addition, the audit may be conducted to determine negligence.
1.3.4 Compliance Audit
ISSAI 40024 defines compliance audit as an independent assessment whether a given subject matter is in compliance with
applicable authorities25. It further states that public-sector entities are entrusted with the sound management of public
22

NCC was established by Act of Parliament No 20 of 1979 (revised edition, 2007) to advise the government on all matters
relating to the development of the construction industry in Tanzania
23
International Standards of Supreme Audit Institutions on Fundamental Principles of Financial Auditing
24
International Standards of Supreme Audit Institutions on Fundamental Principles of Compliance Auditing
25
Rules, laws and regulations, budgetary resolutions, policy, established codes, agreed terms or the general principles
governing public-sector financial management and the conduct of public officials
Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|76

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania
funds. It is therefore the responsibility of the public sector bodies and their appointed officials to be transparent about their
actions and accountable to citizens for the funds with which they are entrusted, and to exercise good governance over
those funds.
1.4

How does VfM Assessment differ from Financial assessment

Table 1 below summarizes differences between VfM and Financial audits.
Table 1: Differences between VfM and Financial Audits
Aspect

VfM Assessment “Judgment”

Financial Assessment “Opinion”

Purpose

To assess whether a program, a project or an activity is
efficient, effective, economical and with minimum
negative impacts to the environment

To assess whether the accounts
are true and fair

Focus on

The organization and management of a program, a project,
or an activity and results / outcomes

The accounting system and
management system

Academic
background

Engineering, finance, procurement, economics, sociology,
law, management science, public administration,
accounting

Accounting

Methodology

Investigative but differs with area being assessed

Standardized approach

Assessment
criteria

Unique criteria for each project

Standardized criteria

Reports

2.0

Varying structure and content
Published on ad hoc basis

More or less standardized
Published on regular basis

NATIONAL AUDIT LEGAL FRAMEWORK

The public institutions presented in Table 2 are mandated to carry out VfM (or also known as performance) audits in
Tanzania:
Table 2: Public Institutions Mandated to carry out VfM (Performance) Audits in Tanzania
Name of Institution

Mandate

Remarks

National Audit Office
(NAO)

Article 143 of the Constitution of the United
Republic of Tanzania of 1977 (Revised 2000);
Section 33(1) of the PFA 2001 (Revised 2004) and
Section 28 of the Public Audit Act No. 11 of 2008
(PAA 2008) mandate the CAG to carry out VfM or
Performance Audits

CAG carries Financial Audits,
Performance Audits (VfM),
Forensic Audits, and Special
audits

Public Procurement
Regulatory Authority
(PPRA)

Section 9(1) (i) of PPA 2011 (as amended in 2016)
mandates PPRA to institute Procurement audits and
contract audits, Performance (VfM) audits

The Authority has a standardized
procedures of carrying out VfM
audits in engineering projects and
non-engineering
procurements
and reporting

National Construction
Council (NCC)

Section 4(i) of the Act that established the Council
mandates the Institution to promote quality
management including provision of technical
auditing services in the construction industry

NCC provides technical and VfM
audits services on consultancy
basis to the government and
various clients

Roads Fund Board
(RFB)

Sections 5(4) (i) of the Road and Fuels Tolls Act
Cap 220 (revised edition 2006) mandates the Board
to monitor the use of the funds disbursed to
TANROADS, TARURA, local authorities or other
agencies for the purpose and objects of the Fund.
To that end, the Board carries out technical audits

The Board has a standardized
procedures of carrying out
technical audits on Road Projects
and reporting
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Name of Institution

Mandate

Remarks

Technical Audit Unit
(TAU)

The Unit is under the Ministry of Finance and is
responsible for carrying out technical audits.

TAU is currently under the
Internal Assessor General Office
within the same Ministry

Cooperative Audit and
Supervision
Corporation
(COASCO)

Established in 1982, COASCO provides audits,
supervises research and consultancy services to
cooperatives and non-cooperative entities

It also provides training to
cooperatives on accounting
standards, advice on tax matters
and research to the development
and economic viability

3.0

VfM STANDARDS AND MANUALS

The following are some of the Performance (VfM) Auditing Standards and Guidelines in use:
ISSAI 1:
Lima Declaration of Guidelines on Auditing Precepts
ISSAI 10:
Mexico Declaration on SAI Independence
ISSAI 11:
INTOSAI Guidelines and Good Practices Related to SAI Independence
ISSAI 12:
The Value and Benefits of Supreme Audit Institutions – Making a Difference to the Lives of Citizens
ISSAI 20:
Principles of Transparency and Accountability
ISSAI 21:
Principles of Transparency and Accountability: Principles and Good Practice
ISSAI 30:
Code of Ethics
ISSAI 40:
Quality Control for SAIs
ISSAI 100:
Fundamental Principles of Public Sector Auditing
ISSAI 200:
Fundamental Principles of Financial Auditing
ISSAI 300:
Fundamental Principles of Public Performance Auditing
ISSAI 400:
Fundamental Principles of Compliance Auditing
ISSAI 3000:
Standards and Guidelines for Performance Auditing based on INTOSAI’s Auditing Standards and
Practical Experience
ISSAI 3100:
Performance Audit Guidelines – Key Principles
Value-for-money Audit Manual issued in January 2000 by the Office of Assessor General of Canada
Standards and Guidelines: Investigations issued by Assessor General Office of South Africa
Technical Auditing of Road Projects developed by the Republic of Botswana through Ministry of Works, Transport and
Communications.
The Roads Fund Board (RFB) developed Technical Audit Manual in September 2008 (revised in 2016).
4.0

PARAMETERS TO BE CONSIDERED OF ASSESSING VfM IN ENGINEERING PROJECTS

It is understood that any engineering project goes through six or seven phases namely, Programming & Planning; Design;
procurement; contract implementation; maintenance & operation phases. In assessing whether the project has realized
VfM, it prudent to discuss the most relevant phases because each phase deserves to be given the required attention.
4.1

Planning and budget aspects

(a)
Is the project feasible?
Regulation 69 of GN No. 446 of 2013 (as amended in 2016) stipulates procurement planning. Specifically Sub Regulations
69(1) - (6) details legal planning and budgeting requirements. Sub Regulation 69(2) stipulates that a procuring entity (PE)
shall take a strategic decision whether or not the most economic and efficient procurement can best be achieved by
separating contracts for each component. Sub Regulation 69(3) further states that a PE shall forecast its requirements for
goods, services and works as accurately as is practicable with particular reference to services or activities already
programmed in the annual work plan and included in the annual estimates. With regards to Sub Regulation 69(6) requires
the PEs to prepare its estimates based on prevailing market prices as provided by the Authority and updated from time to
time.
In addition, Sub Section 81(1) of EMA, 2004 requires any person, undertaking a type specified in the Third Schedule of
the Act, shall undertake or cause to be undertaken, at his own cost, an environmental impact assessment (EIA) study. Sub
Section 81(2) of the Act further states that an EIA study shall be carried out prior to the commencement or financing of a
project or undertaking. In assessment VfM in engineering projects, one has therefore to examine whether project feasibility
requirements were complied with.
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(b) Is realistic budget allocated and actually released?
It is important to note here that allocation of adequate budget and confirmation of funds availability are both legal and
contract requirements. At legal level, Sub Section 36(1) (g) of PPA 2011 (as amended in 2016) mandates accounting
officers to certify availability of funds to support procurement activities. Specifically, Sub Regulation 75(1) of GN No.
446 of 2013 (as amended in 2016) requires procuring entities to ensure that funds are allocated or committed before
commencing procurement proceedings.
Adequate project financing is also required at contract level. For example, Sub Clause 2.4 [Employer’s Financial
Arrangements] of General Conditions26 states that the Employer shall submit, before the Commencement Date and
thereafter within 28 days after receiving any request from the Contractor, reasonable evidence that financial
arrangements have been made and are being maintained which will enable the Employer to pay the Contract Price
punctually (as estimated at that time) in accordance with Clause 14 [Contract Price and Payment]. Before the Employer
makes any material change to his financial arrangements, the Employer shall give notice to the Contractor with detailed
particulars.
In addition, under Sub Clause 16.2(a) of GC, the Contractor shall be entitled to terminate the Contract if the Contractor
does not receive the reasonable evidence within 42 days after giving notice under Sub-Clause 16.1 [Contractor’s
Entitlement to Suspend Work] in respect of a failure to comply with Sub-Clause 2.4 [Employer’s Financial Arrangements].
Section 4 of EMA 200427 states that every person living in Tanzania shall have a right to clean, safe and healthy
environment. Section 3 of the Act defines environment to include the physical factor of the surroundings of human being
including air, land, water, climate, sound, light, ordour, taste, micro-organism, the biological factors, cultural resources
and the social economic factor of aesthetics and includes both the natural and the built environment and the way they
interact.
The Engineers Registration (Conduct and Ethics) Code made under Regulation 49 of GN No. 35 of January 29, 2010 of
the Engineers Registration Act (ERA) lists one of the fundamental rules of an engineer is to uphold safety, health and
welfare of the public and the protection of the environment in the performance of your professional duties. Engineers are
therefore bound to prepare designs which are environmentally friendly. Section 3 of EMA defines environmentally
friendly to include any phenomenon or activity that does not cause harm or degradation to the environment.
One of the hindrances to realization of VfM criteria, namely efficiency, economy, effectiveness and environment
protection, is inadequate and erratic funding in engineering projects.
(c)
Are the specifications and user requirements prepared comprehensive?
One of the conditions to achieve VfM in engineering projects is that engineering projects be planned, designed and
specified properly to take into account economy, efficiency, effectiveness and the built environment. The Client at this is
expected to define correctly and comprehensively specifications and requirements for the project. In order to that, adequate
and correct resources be invested at this stage because failure to define specifications and/or User Requirements, there is
no assurance that parameters of VfM namely, economy, efficiency, effectiveness and the built environment will achieved
during implementation.
Pursuant to Section 39 (c) and (d) of PPA 2011 (as amended in 2016) the User Department of a PE is required to prepare
technical inputs to statements of requirements and or terms of reference for procurement requirements and prepare to the
Procurement Management Unit. Regulation 184(1)(c) of GN No. 446 of 2013 (as amended in 2016) further states that the
solicitation documents shall contain the nature and required technical and quality characteristics, of the goods, works
or services.
4.2 Detailed Design and Tender Documentation
In order to realize VfM projects must be properly designed and specified. However, this requires resources. When
assessing VfM therefore, one has to check whether adequate designs were carried out and complete project documents
prepared. Regulation 69(2) PPR 2013 (as amended in 2016) requires PEs to take strategic decisions in terms of efficiency
and economy. This fact brings us again to the importance of preparing comprehensive and accurate specifications and
User Requirements as a condition to VfM realization.
4.3 Procurement of Contractor, Suppliers and / or Services Providers
The second condition for realization of Value-for-money in engineering projects the Contractor, Suppliers or Service
Provider selected to execute the contract must have the capacity and capability to deliver high quality works, Goods, or
26
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Conditions of Contract for Construction, Plant and Design and Build, First Edition 1999 of FIDIC
Environmental Management Act of 2004
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services consistent with the stipulated specifications, at the most cost-effective price. The practice in determining the best
Contractor, Supplier or Service Provider is to select the tender with the lowest evaluated cost. Section 3 of the PPA 2011
(as amended in 2016) defines lowest evaluated cost as the price offered by a tenderer that is found to be the lowest price
after consideration of all relevant factors and the calculation of any weighing for these factors, provided that such factors
have been specified in the tender documents.
4.4 Contract administration aspects
During contract implementation, the requirements of the contract documents must be followed in order to realize VfM in
an engineering project. If the specifications and / or User Requirements had been adequately defined and accurate design
prepared, provisions stated in the contract documents need to be complied with for realization of VfM. In assessing VfM
the following parameters need to be considered:
(a)
Health, Safety and Environment (HSE):
Most forms of contract require contractors, Suppliers or Service Providers to ensure that HSE requirements stated in the
contract documents are followed.
Examples:
– GCC Sub Clause 25.1 of Standard Documents issued by PPRA states that the Contractor shall at all times take all
reasonable precautions to maintain the health and safety of his personnel and the public as per the governing
occupational, health and safety laws; and
– GCC Sub Clause 22.1 of Standard Documents issued by PPRA stipulates that the Contractor shall take all reasonable
steps to protect the environment and to limit damage and nuisance to people and property resulting from pollution,
noise and other results of his operations.
– Sub Clauses 4.8 (a) and (b) of CC of FIDIC state as follows:
“The Contractor shall (a) comply with all applicable safety regulations, and (b) take care for the safety of all persons
entitled to be on the Site.”
On protection of the environment, Sub Clause 4.18 of CC of FIDIC requires the Contractor to take all reasonable
steps to protect the environment (both on and off the Site) and to limit damage and nuisance to people and property
resulting from pollution, noise and other results of his operations. The cited Sub clause stipulates further that the
Contractor shall ensure that emissions, surface discharges and effluent from the Contractor’s activities shall not
exceed the values stated in the Specification or prescribed by applicable Laws.
(b) Quality aspects
One of the VfM parameters is economy which entails minimizing the cost of resources used for an engineering project
without compromising quality. Assessing this aspect is therefore checking whether Specifications, Drawings, Bills of
Quantities and User Requirements stated in the contract documents were complied with.
(c) Cost aspects
The assurance that the project is completed within approved budget is one of the indicators that VfM was realized. It is
therefore important to assess whether the final project costs are within prevailing realistic costs. The maintenance costs
for the completed project should also be considered as part of the project cost if one to include all project costs.
(d) Project Delivery Time
This aspect mainly covers efficiency aspect but it directly affects the other 3 E’s namely, effectiveness, economy and the
built environment. Time-related costs increase with delayed completion. In assessing VfM therefore, project delivery is
of great importance.
(e) Project Closure and commissioning:
Procedures for project completion (both physical completion and administrative closure) need to be administered in
compliance with the provisions stated in contract documents.
The above parameters are assessed with a view to establishing whether efficiency, economy, effectiveness and the built
environment are in line with the contract documents.
4.5 Operation and Maintenance
The last phase of an engineering project is operation and maintenance. The project is expected to last for its design life on
the assumption that periodic and routine maintenance interventions are carried out. However, experience shows that
completed projects in good conditions do not receive adequate maintenance funding, which may be the cause of premature
failure. Premature here means that the project fails before its design life, thereby failing to fully realize VfM.
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5.0

ATTRIBUTES OF VfM ASSESSMENT REPORT

INTOSAI 40028 provides guidance on VfM reporting and it states that ‘the audit report should be reliable. The report
should be informative and, if provided, have logical and clear recommendations that are linked to the audit objectives
and the findings. The report should be complete, accurate, objective, convincing and as clear and concise as possible.’
A good report must be objective, accurate, concise and balanced. These attributes are summarized hereunder.
5.1 Objectivity
In order to be seen to be objective, one needs to present any relevant evidence that is opposed to his or her opinion, not
just the evidence in favor of it. There is a temptation to only present the evidence which supports the Assessor’s opinion.
This is not objective because when countering evidence is produced, the Assessor and the report lose credibility and it
will appear as if the Assessor did not do sufficient work to gather and analyze all evidence on which to base his/her
conclusions.
5.2 Accuracy
The Assessor should not be influenced by the desire of the project owner for positive comments to make statements
that have not gathered enough evidence to support, and where an Assessor does feel it is possible to make a positive
comment about some aspect, this statement should be supported by evidence. Where the Assessor finds areas of good
practice he/she should acknowledge this positively while focusing attention on developing recommendations to
strengthen areas requiring improvement.
5.3 Conciseness
An assessment is often the result of many hundreds of hours work and involves perhaps thousands of pages of working
papers and audit evidence. The role of the Assessor is to distil this material into as concise a report as possible. The
Assessor needs to be able to review their words and find a way to express their ideas in the shortest possible way,
replacing long words with shorter ones. The Assessor should also go through the report carefully and test every point
to see if they are all necessary. This test is simple; if this point was left out would the report be less effective at meeting
its objectives.
5.4 Balanced (unbiased)
It should be taken into consideration that the project owner appreciates it when the Assessor makes positive statements
in the report about those things that the former appears to have done well. The problem with this is that VfM assessments
are expected to add value, and when the Assessor comes across something that seems to be working well, there is very
little value to add to the Project Owner but it can serve as a demonstration of good practice to other institutions.
6.0

TYPICAL STRUCTURE OF VfM ASSESSMENT REPORT

A typical structure of a VfM or Technical Audit report commonly used is as follows:
1. Cover page (to be approved by the Employer)
2. Glossary of abbreviations and acronyms
3. Table of Contents
4. Executive summary (summary of findings, conclusions and recommendations)
5. Introduction
Background
Audit Objective
Scope of the Work
Audit Sample
Audit Limitations
6. Findings
7. Recommendations
8. Annexes:
Depending on the voluminous of the report, Annexes may be bound as separate volumes.
7.0

CHALLENGES AND WAY FORWARD

There is currently no standard approach of assessing realization of VfM encompassing in engineering projects. The
empirical approach of assessing VfM currently in use do not factor into the project costs by discounted them in the present
value. We therefore need to account for maintenance costs adequately when assessing project costs. The designs we
28

Fundamental Principles of Compliance Auditing
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prepare and User Requirements we define should be comprehensive and realistic to reflect actual conditions. We need to
realize VfM in engineering projects accurate assessment of project cost need to be prepared, adequate User requirements
and technical specifications be specified, ensure timely project delivery and effective procurement and contract
management should be instituted. Finally, we need to conducted detailed and comprehensive research to develop
standardized framework for assessing VfM in engineering projects in Tanzania.
8.0

CONCLUSION

In order to realize VfM in engineering projects, two conditions must be fulfilled. First, the projects must be planned,
designed and specified properly to take into account economy, efficiency, effectiveness and the environment. Secondly,
the Contractor or Suppliers selected to execute the works and supply the goods must deliver high quality works and Goods,
consistent with the stipulated specifications, at the most cost-effective price. However, currently there are no standardized
procedures for assessing VfM in engineering projects. It is therefore proposed to conducted research in order to develop
standardized framework for assessing VfM in engineering projects.
9.0
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THE EFFECTS OF GLOBAL CLIMATE CHANGE ON OCCUPATIONS 29 AND ADAPTED INITIATIVES
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ABSTRACT
Global Climate Change is a phenomenon of extreme weather conditions which, if not controlled, affect adversely
the worker’s performance. Extreme temperature (heat and cold) inversely affect the human energy needed to
execute economic activities. The severity of extreme Climate is seen to be having long-term adverse consequences
to the environment and to the human activities. The human body can only work efficiently only under ambient
conditions. Both industrial and agricultural productions are compromised under severe climate conditions.
Occupations are those human activities which contribute to the income of the country and the workers. The current
extreme weather and temperature variations are evidences of the persistent Global Climate Change. Global
Climate Change effects have drawn the attention of the United Nations; as such has engaged many of its
organisations like FAO, UNEP, ILO, WHO, UNIDO to develop initiatives to mitigate the Global Climate Change
impacts. This paper has been written to discuss on how human economic activities are being affected by Global
Climate Change. The paper also discusses the initiatives so far adopted and those under research in an endeavour
to address Global Climate Change impacts to have a habitable universal.
Keywords: Global Climate Change, Occupations and Initiatives

1.0

INTRODUCTION

Until recently, the study of Global Climate Change (GCC) 30 impacts on occupations had not attracted much interests of
the occupational practitioners and the researchers despite the fact that Global Climate Change issues are of immemorial;
progressively and adversely affecting the human life. Global Climate Change (GCC) has slowly grown over a period of
time to reach the present alarming stage. Thanks to the realization of the effects to spark the universal attention. World
Health Organization (WHO) testifies that human-induced climate change effects claim about 150,000 lives annually as a
result of hurricanes heat waves, droughts flood and thereby promoting the spreading of addresses like cholera,
gastroenteritis and malaria with higher mortality rate. It is estimated that climate change will add USD 4 billion by 2030.
This paper has been written to highlight on Global Climate Change effects on human life and briefly mitigation initiatives.
The universe is sleeplessly searching for solutions to restore a habitable earth. The paper also aims at turning the mindset
of those people who, for apparent no reason, have not yet been able to analyze, appreciate and to take corrective measures
to address the various occupational hazards associated with the Global Climate Change.
2.0

GLOBAL CLIMATE CHANGE THREATS ON OCCUPATIONS

The Global Climate Change (GCC) impacts on the occupations are the greatest threats on economic development. Weather
and temperature variations, floods, droughts, emissions of the Greenhouse Gases (GHGs) are evidences of the persistence
of the Global Climate Change. Normally, human beings feel comfortable when body temperatures range between 20 oC –
27oC. When the core body temperatures are above the ambient temperature of 27oC, an inborn physiological temperature
system tries to bring down the temperature to the ambient one. Lack of ambient temperatures or insufficient air leads to
fatigue, headaches, and thirsty (dehydration) as is the case for workers working under higher temperature or in confined
spaces, as they are subjected to higher temperatures which lead to heat concentration; hence exhaustion. Workers working
in outdoor work stations with heat concentration and radiation of the heat are at risk to contract heat related diseases like
skin rushes. Workers, on the other hand, working in flooded workplaces stand to construct water-borne diseases like
diarrhea, cholera, etc. Workplaces found in Africa are heavily affected by floods and droughts hence workers working
under those conditions are victims of heat related and water related diseases as the working conditions become very harsh.
Global Climate Change is increasingly affecting environmental air conditioning. In Africa and Tanzania inclusive, outdoor
workers are exposed to heat radiation of the strong sunlight during hot seasons while workers in Artic zone are exposed
to extreme cold (freezing). In this context, outdoor activities are affected by weather conditions. Heat and cold therefore
are hazards.

29
30

Occupations are human activities which contribute to the income of the workers
Global Climate Change is a phenomenon of extreme weather conditions
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People migrating to avoid floods

Disposed people in temporary shelter

World Food Programme (WFP) and Food and Agriculture Organization (FAO) confirm that extreme weather conditions
contribute quite significantly to human migration in search of bearable working conditions, changing style of working.
The ailing agriculture sector caused by extreme weather – rainy or droughts force farmers to migrate from rural to urban
abstaining from farming. Farmed crops are either washed away by foods or dried up by droughts thus pressurizing for
humanitarian food supplies. Agriculture which is the main activity to rural is extremely vulnerable to Global Climate
Change because farming in Africa is weather defendant. Equally so extreme weather which these days is caused by
Climate Change affects the construction sector. Construction slows down during floods and during hot temperatures.
A study has been conducted by the International Food Policy Research Institute (IFRRI) in 2009 indicating that by 2050,
cereal harvest which is the African staple flood will have terribly dropped by 14%. The study further indicates that there
shall be lower yields, low level of human and physical capital, high level of poverty and child malnutrition with high level
of family displacement. Migration will dimidiate human movement. Precisely, the apparent increase, magnitude and
duration of the Climate Change shocks provide little room to recover thereby perpetuating human migration, Global
Climate Change affects subsistence farming, the main activity/occupation for the rural. In this aspect, food is compromised
to perpetuate starvation, malnutrition and poverty.
3.0

TRIED INITIATIVES TO MITIGATE THE EFFECTS OF GLOBAL CLIMATE CHANGE

A number of United Nations Agencies and other Non-Governmental organisations concerned with Global Climate Change
issues have engaged themselves in spearheading adaptation of initiatives to address the effects of the Global Climate
Change. Initiatives, not limited to are as follows:
1.
Both developed and developing countries are engaged in capacity building programmes for the understanding of
the dynamics of Global Climate Change. The targeted group is the extension staff expected to promote good
practices. The World Health Assembly (WHA), for example is providing support to capacity building and
implementation of projects which strengthen health systems in response to Climate Change effects. PHA is a
periodic gathering of civil society organized by the People’s Health Movement (PHM) in order to share experiences
and analyse the global health situation followed by developing civil society strategies to advance health for all.
People’s Health Movement (PHM) is a global network comprising of civil society groups, researchers and activities
in health advocacy. The PHM objective is to revitalize the Primary Health Care thereby health social determinants
and thereafter addressing the growing inequalities nationally and internationally.
2.
Constructing dams and reservoirs which conserve water for domestic, agriculture and industrial use.
3.
Adoption of agro-forestry initiatives for the recovery of endangered species. Trees are nurtured to cover and protect
water sources and at times providing protective moisture and keep pasture land cooler and thereby reducing heat
stress suffered by livestock.
4.
Adoption of Climate Change smart agriculture which will ensure increased productions, enhancing resilience of
livelihood and ecosystem, ensuring food security and removal of emissions from the atmosphere. The 2015 Paris
Agreement directs governments to be committed to climate change mitigation and trade embracing the 17 current
UN Sustainable Development goals by embedding leadership skills into individuals thus enabling them comfortably
take responsibilities and act positively towards a more resilient future.
5.
Governments establishing initiatives which link the community to provide guidance on how to address Climate
Change challenges.
6.
Planting drought resisting crops. Through research, farmers will be supplied with that will adapt to severe weathers.
Adopting agriculture practices which allow farmers to grow several crops in order to enhance environmental
protection while at same time providing better harvests
7.
Adopting cultural heritage which incorporate environmental protection
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8.
9.

Establishing financing mechanism which will finance the villagers to promote eco-balance agricultural practices.
Providing prevention/warning systems based on quantitative research while in developing countries much is desired
in form of creating awareness about the effects and impact of Climate Change on occupations.
10. Developing acceptable shielding mechanism like providing protective clothes (PPE) and constructing buildings which
take into account extreme temperatures protection.
11. Adopting air conditioning appliances which are friendly to the human and to the environment.
4.0

CHALLENGES TO ADOPTING ADAPTABLE CLIMATE CHANGE MITIGATION INITIATIVES

A good number of initiatives to curb universal climate change are in place, but yet the following are challenges: 1.

2.

3.
4.
5.
6.

5.0

Present and future effects and impacts of Global Climate Change on occupations are effecting the human life by
causing hazards, damaging infrastructures, disrupting agricultural activities (farming and harvesting) and reducing
energy supply. The World Health Organization (WHO) and the United Nations Development Programmes (UNDO)
have revealed that over 140,000 adults and 2,000,000 children die annually through starvation, water-born diseases
and environmental pollution.
Underfunding Climate Change adaptation programmes has left developing countries struggling to get funds to address
Climate Change issues in own countries. The United Nations Framework Convention on Climate Change (UNFCCC)
which calls for developed countries to fulfill their obligation of subscribing to Climate Change funding has discovered
that not much has been done. The Least Developed Countries Funding (LDCF) is grossly underfunded. At the
November 2012 Doha United Nations Conference on Climate Change discovered that LDCF has received only USD
537 Million out of USD 3 billion.
Lack of transparency and lack of having common understanding of what Climate Change is all about contribute to
the unsuccessful fight/struggle.
Climate Change mitigation programmes are being implemented by people who are not experts in the field.
Developing countries have not taken serious measures to study and institute initiatives to curb Climate Change
impacts.
The International Institute for Environment and Development (ITED) confirms that non-availability of educative
information and lack of transparency have contributed to the difficulty to assess how much rich countries are
committed and helping poor countries to reduce their vulnerability to the vice.
Green Jobs Initiatives (GJI) were launched in 2008 to promote opportunity and equity for sustainable economies. The
values of green jobs on Occupational Health and Safety are being studied. The challenge is getting the various
international organizations coordinated to bring positive results in time. The Organizations which are engaged to
study the valve of Green Jobs include the International Labour Organization (ILO), United Nations Environmental
Programme (UNEP) and the International Trade Union Conference (ITUC).
CONCLUSION

To combat Global Climate Change squarely calls for concerted efforts of the developing and developed countries. With
the harsh effects of Climate Change on human activities, it is, therefore, imperative to adopt cost effective approaches
through advocacy, forestry management and sustainable and disease free health systems. Advocacy would be by
legislature, conventions by governments and international agencies, Non-government organizations, industry,
professionals and the local communities. Advocacy must create an environment to allow sharing knowledge, information
and experiences. Forestry management would focus on conserving existing forests and creating new ones while health
systems would dwell on adapting community based models. Good governance and political will are tools to back the
legislations.
It should be noted that the impacts of climate change in developing countries are enormous hence the world needs to
carefully strategize its methods of approach in providing solutions to climate change because resilience and capacity of
the societies in developing countries is limited. It is challenge which needs to be addressed both at global and local level.
Creating knowledge and awareness through sensitilisation should embrace both decision makers and the public and more
particularly to the young generations whose future is threatened by different dimensions of climate change.
This paper for the IET 30th National Conference titles ‘The Effects of Global Climate Change on Occupations and the
Adapted Initiatives’ tallies very well with the conference “Harnessing Sustainable Engineering and Technology for
National Socio-Economic Development”, because the adapted initiatives are focusing on using smart technologies to
address the global climate change effects on occupations for life sustenance. The objective of the adapted initiatives is to
have a friendly work environment. For example, afforestation, carbon dioxide harvesting, green jobs, etc aim at freeing
the employee form climate change hazards. A free of occupational diseases environment is a boost to the workers’ morale
and productivity.
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ABSTRACT
Plastic wastes which are generated at different levels from households, institutions and
commercial establishments as well as industries present contemporary global environmental
problems. In many countries including Tanzania particularly in Dar es Salaam city, plastic waste
disposal practices such as open burning, illegal dumping and littering result in serious
environmental pollution. This calls for an intensified study that focuses on the recycling of waste
plastic bottles for environmental sustainability. This paper presents results of a study that aimed
at establishing an alternative disposal method for Polyethylene Terephthalate (PET) as a stabilizer
for subgrade layer in road construction. Laboratory tests were conducted on both un-stabilized
soil samples and stabilized soil samples (mixed with PET plastic waste). Classification tests were
conducted for un-stabilized soil sample only. Compaction and strength tests were conducted on
both un-stabilized and stabilized soil samples. Results of the study indicated that un-stabilized soil
sample had 45.6% liquid limit, 28.6% passing 75µm sieve and 22.7% plasticity index, hence the
sample fell under group classification A-2-7, whose general rating as a subgrade layer was poor.
The un-stabilized soil had 9.4% optimum moisture content, 1892 kg/m3 dry density and CBR value
of 6. Stabilized soil sample with 1% PET by weight of soil had 9.1% optimum moisture content,
1873 kg/m3 dry density and CBR value of 16. The 1% stabilized soil sample whose resistance to
standard load was 3.1565 kN compared to 1.1235 kN of un-stabilized soil sample. The 1% ratio
was equivalent to 21.375 tons of shredded PET plastic waste. These results indicate a potential
for PET plastic waste recycling for improving strength of “problem soils” via mechanical
stabilization and thus alternative disposal method for PET plastic waste, thus environmental
protection and sustainability.
Keywords: California Bearing Ratio, PET Plastic waste, Soil Stabilization, Subgrade layer
1.0

INTRODUCTION

Plastics are lightweight, sturdy and adaptable permitting their fuse into a differing scope of utilizations. From caps and
defensive attire to significant segments in robotization and avionics, plastics are a vital piece of the world (Jan, Brems, &
Dewil, 2010). However, the disposal of plastics waste has turned into a significant worldwide ecological issue. Currently,
the common plastic waste disposal methods are landfilling, incineration, open dumping and haphazard littering especially
in urban areas. These methods have negative impacts on human health and the environment including as rivers and
roadsides which are at times filled and loaded with waste plastics (Kwabena, Victor Nana, & Trinity, 2017).
Incineration of plastic waste which is also used as means of its disposal has negative impacts on the environment especially
in terms of hazardous gases and compounds such as nitrous oxide, Sulphur oxides, dust and dioxin released on the
environment (Sachin, A.K, & Singh, 2011). Disposal of plastic wastes in landfill has negative impacts as well. Not only
because plastics take longer time to degrade but also the volume of plastic waste increases every year (Yu Lih, Cher Tien,
Usaid, & Mou'ad A, 2016) and reduce the lifespan of the landfills. Again, when plastic is degraded, it is still present as
smaller pieces which cannot be visible by a naked eye (microplastics) hence choking marine life and propagating up the
food chain (Romera-Castillo, Pinto, Langer, Álvarez-Salgado, & Herndl, 2018). This is what prompted the Tanzanian
government to ban the use of plastic carrier bags under Environmental Management (Prohibition of Plastic Carrier Bags)
Regulations, 2019 (Made under section 230 (2) (f)) that came into force in June 2019. However, the ban does not include
plastic bottles which have a growing demand from various end-use segments, such as automotive, health care, oil and gas,
construction, food and beverage as well as the household products.
One of the methods to reduce plastic waste in the environment is through recycling by stabilization of expansive (problem)
soils (Sharan & Mahabir, 2017). Expansive soils contain minerals that can retain water. They experience serious volume
changes relating to moisture content changes. They swell or increase in their volume when they soak up water and contract
or lessen in their volume on drying. According to (Sharan & Mahabir, 2017), due to their swelling and shrinkage nature,

31

Corresponding author: Email: karolief310@icloud.com
Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|87

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania
expansive soils bring about unfavorable cracking in engineering structures such as foundations, pavements, retaining walls,
channel beds and linings, hence making expansive soils unfavorable choice for construction, thus requiring improvement
in its properties by reinforcement or stabilization. This improves the load-bearing capacity of a subgrade for support of
foundations and pavements. For a long time, engineers have utilized conventional added substances, for example, cement,
lime and kiln dust to improve the characteristics of promptly accessible soils (Sharan & Mahabir, 2017).
This study was carried out to establish a prospect of recycling plastic waste from post-consumer products and use as a
stabilizer for subgrade layers in the construction of roads hence providing an alternative method of disposal of plastic
waste in Tanzania and consequently reducing the direct negative impacts associated with incineration and open dumping
of plastic wastes. The primary objective of the study was to establish the possibility of using plastic waste as a stabilizer
for the subgrade layer in road construction as an alternative disposal method for PET plastic waste. This was realized
through three specific research objectives namely; classification of the soil sample in the laboratory (by conducting sieve
analysis, Atterberg limits and linear shrinkage tests) that was later stabilized with plastic waste, determination of strength
of un-stabilized soil and stabilized soil (mixed with shredded PET plastic waste) and comparing the results and
determination of the optimum ratio of plastic waste to be incorporated for subgrade layer in road construction.
2.0

BRIEF LITERATURE REVIEW

Plastic is a sort of material that is usually known and utilized in regular day to day existence (Ningwei, Dilasha, & Seonhee,
2009). Plastic consumption generates large volumes of very persistent waste that is universally found in the terrestrial
environment (Lei, Lian-Jun, Charles S, & Eddy Y, 2018). Plastic wastes in the environment lead to uncontrolled problems
since they can persist in the environment for a very long time (Elena-Diana, Raluca, Christina, & G, 2016). Polyethylene
Terephthalate (PET) which is plastic-type selected for this study is normally from its various applications, for instance,
bottling mineral water and soft drinks, salad dressing containers, processed meat packages, oil jerry cans, milk, shampoo
and detergent bottles (Gwada, Ogendi, S.M, & Trott, 2019).
Disposal of plastic waste has become a global environmental problem although various ways have been adopted. Plastic
waste management via incineration is non-environmentally friendly and feasible since this may discharge carbon dioxide,
(NOx and Dioxins) a contributor to global warming. Landfilling with plastic waste is not likewise attractive since plastic
is non-degradable. The best alternative for reasonable plastic waste administration is through reusing or recycling. This is
because the advantages of either its reusing or recycling are various and furthermore ecologically well-disposed contrasted
with other strategies for plastic waste disposal (Nyavor-Akporyo, Kutsanedzie, Achio, Nyame-Tawiah, & Appiah Gyeke,
2013).
Plastic waste can be recycled in various fields including civil engineering. There are several applications in which plastic
waste is used in Civil Engineering such as the construction of bridges, roads, highways, buildings, railroads and water
retaining structures. As of now, plastic is utilized in the development of adaptable pavements by preparing modified
bitumen and in the production of rail with plastic rather than iron metal (Reddy, Manjusha, & Kulayappa, 2017). One of
the plastic recycling options in Civil Engineering is via soil stabilization for improving properties of soil in construction.
Soil stabilization is a powerful technique for improving the properties of soil. The fundamental point of this method is
increasing strength, constructability, workability and stiffness of the soil (Kiran & Shruti, 2017). Soil stabilization can be
done in various ways such as mechanical stabilization (Arpitha, Dayanandha, & Kiran Kumar, 2017), chemical
stabilization and by using other improvement techniques (Sagar, et al., 2019). In relation to this study, mechanical
stabilization has been applied in subgrade layer (compacted layer thought to be 500 or 300 mm in thickness, just underneath
the pavement) giving the appropriate establishment to the pavement (Reddy, Manjusha, & Kulayappa, 2017). Therefore,
stabilization can aid in improving the natural soils for construction of highways and airfields, reducing the permeability
of soils and controlling grading of soils and aggregates in construction of bases and subbases of highways and airfields
(Kiran & Shruti, 2017).
3.0

MATERIALS AND METHODS

Three test categories (index properties of soil, compaction tests and strength tests) were conducted in line with the
recommendation in (Sabatini, Bachus, Mayne, Schneider, & Zettler, 2002). Materials used for such tests were soil sample,
tap water and shredded PET plastic waste as shown in Plate 1, the latter was obtained from a shredding unit at TabataGerejia area, Ilala, Dar es Salaam.
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Plate 1: Shredding machine at Tabata-Gereji and shredded PET plastic waste
Sieve analysis test, liquid limit (LL) tests, plastic limit (PL) tests, linear shrinkage, and moisture content determination
were conducted on index properties of soil. The liquid limit was determined at 20 mm cone penetration from the liquid
limit curve. The plastic limit was computed by equation 1. LL and PL aided computation of plasticity index of soil by
equation 2. Plates 2 and 3 show sample preparation for sieve analysis test.

Plate 2: Soaking soil sample
Plastic limit =

Plate 3: Running out dust from soil sample

(mass of wet soil + container) − (mass of dry soil + container)
× 100
(mass of dry soil + container) − (mass of container)

Plasticity Index of soil = LL − PL

(1)
(2)

Linear shrinkage test was computed by equation 3 to determine the shrinkage of the soil sample.
Original length − Final length
Linear shrinkage = (
) × 100
Original length

(3)

Compaction tests were conducted for determination of optimum moisture contents and maximum dry densities of the unstabilized and stabilized soil samples. The mixing ratios of shredded PET plastic waste of 6-20 mm sizes and soil sample
used for all compaction tests as shown in Table 1 were conducted in a 1000 cm3 volume mould thus a total of 3000 g were
mixed as recommended by (Zhou, 2006). Strength tests as shown in Plate 5 were also conducted to determine the strength
of un-stabilized and stabilized soil samples by equation 4 expressed in CBR (4-day soaked) which is the most widely
recognized parameter used to assess quality strength of a pavement layer (Reddy, Manjusha, & Kulayappa, 2017). Plate 4
showing mixing of shredded PET with soil for compaction and strength tests.
CBR at 2.54mm penetration =

L × 100
13.34

(4)

Where L = load value at 2.54mm cone penetration
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Plate 4: Mixing shredded PET with soil

Plate 5: A mould in a CBR testing machine

The mixing ratios of shredded plastic waste and soil used for all strength tests as shown in Table 2 were conducted in a
2305 cm3 volume mould thus 6000 g were mixed. The all-inclusive tests were conducted at Transportation-Geotechnical
Engineering (TGE) laboratory at the College of Engineering and Technology-University of Dar es Salaam. Computation
of percent plastic by weight of soil for subgrade layers was done using equations 5, 6 and 7 in which the density of PET
adopted for all calculations was 1380 kg/m3 (Jankauskaite, Macijauskas, & Lygaitis, 2008).
Volume of subgrade layer = Thickness × Length × Width

(5)

Volume of PET = Volume of subgrade layer × Percent plastic of soil

(6)

Mass of PET = Density of PET × Volume of PET

(7)

Table 1: Plastic and soil mixing ratios for the compaction test in 3000 grams mould
Ratio (%)
Plastic
waste
0
0.5
1.0
2.0
3.0
4.0
5.0

Weight (g)

Sandgravel soil
100
99.5
99
98
97
96
95

Plastic
waste
0
15
30
60
90
120
150

Sand-gravel
soil
3000
2985
2970
2940
2910
2880
2850

Ratio (%)
Plastic
Sandwaste
gravel soil
0
100
0.5
99.5
1.0
99
2.0
98
3.0
97
4.0
96
5.0
95

Weight (g)
Plastic Sand-gravel
waste
soil
0
6000
30
5970
60
5940
120
5880
180
5820
240
5760
300
5700

Table 2: Plastic and soil mixing ratios for strength test in 6000 grams mould4.0 Results and Discussion
4.1 Sieve analysis test
Sieve analysis test was for 1274.0 g of dry soil sample adhering to BS 1377:1975 standard revealed grain size distribution
curve shown in Figure 1, which reflects sand with fine, medium and coarse particles in the range of 0.075-0.2 mm, 0.20.6 mm and 0.6 to 2 mm, respectively. It also contains gravel particles of fine and medium particles in the range of 2-6
mm and 6-20 mm, respectively BS (1377-2:1990). The test revealed that soil sample has particles of both sand and gravel
which are evenly distributed (Officials, 2010). The percent passing sieve No. 200 was 28.6%, implying that the soil sample
fell under group classification A-2-7 since the value did not surpass a maximum value of 35% (Officials, 2010).
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Figure 1: Particle size distribution curve for soil sample only
4.2 Atterberg limits for soil sample only
This involved determination of the liquid limit, plastic limit, plasticity index and linear shrinkage by using the cone
penetrometer method. At 20 mm cone penetration, the liquid limit was 45.6% as shown in Figure 2. The value of 45.6%
implies that it is inorganic soil. Also, an average plastic limit of 22.7% was obtained from 23.1% and 22.4% of plastic
limits. Plasticity index from equation 2 was 22.9% which with LL of 45.6% in plasticity chart, soil sample fall in region
2 above A-Line that implies inorganic soil with medium plasticity. That is to say, soil exhibit plastic properties with clayey
particles. Linear shrinkage (L.S) was 10.7% which indicate the quality of soil is poor since for poor soils L.S ranges
between 10%-15% (Murthy, 2003).

Cone Penetration (mm)

28
24
20
16
12
37

39

41

43
45
47
49
Moisture Content (%)

51

53

Figure 2: Liquid limit chart
4.3 Classification of soil sample
The information on sieve analysis and Atterberg limits was used to establish the class of the un-stabilized soil sample that
was later stabilized with shredded PET plastic waste. The classification was based on grain size distribution and limits of
the soil where the AASHTO soil classification system was used. Table 3 show summary of the obtained results in
comparison with results from a similar study (Reddy, Manjusha, & Kulayappa, 2017) in which the percent passing sieve
No. 200 (75 m) was 28.6 hence the value shows soil was of granular materials. Granular material is soil with 35% or less
passing via sieve No. 200, (Officials, 2010), liquid limit of 45.6 (for which minimum value in AASHTO chart is 41) and
plasticity index value of 22.7 (minimum value in AASHTO chart is 11). Hence, the soil sample fell under group
classification A-2-7 whose properties were a soil of granular materials with silty or clayey gravel and sand. Group A-2-7
implies soils with poor rating for use as a subgrade layer in pavement construction (Officials, 2010). Therefore, soil sample
to be used as a subgrade layer was poor, thus it deserved improvement and for this study, mechanical stabilization by
shredded PET plastic bottles was used.
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Table 3: Summary results on index properties of soil for classification
Description

Criteria for Group A-2-7
(%)

Sieve analysis %
passing 75 m)
Liquid limit
Plastic limit
Plasticity index
Soil classification

Values from
lab test (%)
28.6

Values for black cotton soil
(%) (Reddy, Manjusha, &
Kulayappa, 2017)
90

Values for red
soil (%) (Anand
& H.P, 2017)
-

45.6
22.7
22.9
Sand-gravel

67
35.36
31.62
Silty Clay

53
16.66
33.34
Lean Silt

Maximum of 35
Minimum of 41
N/A
Minimum of 11
Depend on lab test
results

Results reported by (Reddy, Manjusha, & Kulayappa, 2017) on sieve analysis significantly deviates from the results
obtained in this study, perhaps due to some other soils properties different from those of the soil used in this study. While
(Anand & H.P, 2017) did not conduct sieve analysis, all three studies on the other hand, have indicated comparative
results for LL, PL and PI.
4.4 Compaction test for un-stabilized soil sample
The laboratory test results revealed the soil sample had 9.40% optimum moisture content and maximum dry density value
of 1892 kg/m3. The 9.40% provided the amount of moisture required for un-stabilized soil to conduct the CBR strength
test. 9.40% implies the required moisture content for soil particles to be well-lubricated hence attaining maximum
densification of soil particles during compaction. Optimum moisture contents (wn) of sands are typically
0 ≤ wn ≤ 20
% (Zhou, 2006). Hence the 9.4% obtained was within the standard range. The 1892 kg/m 3 was the highest dry density
attained by the soil sample during compaction. 1892 kg/m3 dry density in Figure 3 provided the optimum value for the
degree of compaction for comparison with site area compaction during construction. The nature of the curve results is as
shown in Figure 3, which implies that the soil sample was well compacted during the proctor test. Results obtained from
a similar study by (Anand & H.P, 2017) for red soil had OMC value of 13.6%. Also, MDD for black cotton soil by (Ekta,
Ravi, & Prashant, 2017) was 1620 kg/m3.

Dry Density (kg/m3)

1950
1900

1892
1857

1850

1847

1800
1750

1750

1729

1700
1650
1600
4

5

6

7

8

9

10

11

12

13

14

15

Moisture content (%)
Figure 3: Compaction test curve for un-stabilized soil sample
4.5 Compaction test for un-stabilized and stabilized soil samples
Optimum moisture contents (OMCs) and maximum dry densities (MDDs) for each test were obtained from compaction
curves as shown collectively in Figure 4. Results for such values from the curves are as shown in Figure 4. The
compaction tests conducted provide values whose curve results were compared.
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2000
Dry Density (kg/m3) 0%
Plastic

Dry density (kg/m3)

1900

Dry Density (kg/m3) 1%
Plastic
Dry Density (kg/m3) 2%
Plastic

1800

Dry Density (kg/m3) 3%
Plastic

1700

Dry Density (kg/m3) 4%
Plastic

1600

Dry Density (kg/m3) 5%
Plastic

1500
4

5

6

7

8

9

10

11

12

13

14

15

Moisture Content (%)
Figure 4: Compaction curves for un-stabilized and soil samples mixed with plastic waste
4.5.1 Maximum dry density
With the stabilized soil samples, it was observed that MDD decreases with an increasing percentage of shredded plastic
waste as shown in Figure 4 and it was 1892 kg/m3 for a pure soil sample to 1752 kg/m3 for soil sample mixed with 5%
shredded PET waste plastic. Therefore, as waste plastics were increased in soil sample cohesion between soil particles
decreased, as a result, it does not allow maximum compaction to occur since densification is hindered and air voids become
large thus the values for MDD decrease significantly. According to a study conducted on black cotton soil by (Anand &
H.P, 2017) MDD decreased from 1500 kg/m3, 1490 kg/m3, to 1460 kg/m3 for 0%, 0.4% and 0.8% percent plastic by
weight. Therefore this shows that MDD values decrease in addition to plastic waste in a soil sample.
4.5.2 Optimum Moisture Contents (OMCs) for soil samples
Moisture content for various stabilized soil (mixed with shredded PET plastic waste) samples decreases as shown in Figure
4 as the amount of plastic for stabilization increases. This is because the presence of plastic makes less moisture to be
demanded by the soil sample (Anand & H.P, 2017) as result moisture is readily lost as soil particles are less bonded
together due to plastic additives. A similar study by (Anand & H.P, 2017) OMCs varied from 28.2%, 20.5% to 21.6% for
0%, 0.4% and 0.8% percent plastic by weight of the black cotton soil. This shows that the OMCs can also vary non linearly
depending on the type of soil investigated.
4.6 Strength test for un-stabilized soil sample
The load value for the un-stabilized soil sample was 0.8025 kN at 2.54 mm penetration as shown in Figure 5. The CBR
value computed by equation 4 was 6. A CBR value of 6 indicates subgrade strength class S3 whose range for CBR is 3-6
(Ministry of Works, 1999). This indicates the soil sample as a subgrade layer has not achieved the minimum CBR or
strength value of 15 for use as a subgrade layer in road construction. Therefore, stabilization is required to improve its
strength for it to be used as a subgrade layer in road construction.
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Figure 5: Load penetration curve for un-stabilized soil sample
4.7

Load values for un-stabilized and stabilized soil samples

The strength tests on various shredded PET plastic waste percent by weight of the soil as shown in Figure 5, the strength
of stabilized soil at 1% showed resistance of the soil to standard load had a significant value of 3.1565 kN while load for
soil with 0% plastic was 1.1235 kN This indicates an improvement in resistance to load by 2.033 kN The 3.1565 kN was
a significant value compared to 1.9474 kN, 1.5515 kN, 0.9202 kN and 0.46 kN of 2%, 3%, 4% and 5% percent respectively.
Therefore, a further increase in shredded PET plastic waste made the soil to become less resistant to load imposed on it.
Hence 1% was the optimum value for the strength test.

Load (kN)

3.5
3
2.5
2
1.5
1
0.5
0
0

1
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3
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5

6
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(kN)
1%
Plastic
Load
(kN)
2%
Plastic

Figure 6: Loads against penetration with respect to percent plastic by weight of soil
4.8

CBR values for un-stabilized and stabilized soil samples

CBR values as shown in Figure 7, show that the strength of the soil started to increase upon addition of shredded PET
waste plastics. The CBR value increased from 6 for soil only to 9 at 0.5% and 16 at 1% plastic by weight of the soil.
Further increase of shredded PET waste plastics at 2%, 3%, 4% and 5% percent plastic by weight of the soil led to decrease
in CBR value as it dropped significantly to 10 at 2%, 8 at 3%, 5 at 4% and 3 at 5% respectively. A minimum CBR value
of 15 is recommended for subgrade layer, as shown in Figure 7 it was obtained at 1% plastic by weight of the soil whose
CBR value was 16. Therefore 1% ratio provided required CBR value. A similar study conducted by (Ekta, Ravi, &
Prashant, 2017) also showed an increase in CBR value of soil from 1 for soil only to 2.02, 11.70, for soil with 2% and 4%
percent plastic respectively but also decreased to 4.80 and 4.40 for soils with 6% and 8% percent plastic. This indicates
that plastic wastes should be added to a limited significant amount to achieve maximum CBR as further increase lead to a
decrease in CBR of the soil.
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Figure 7: CBR Strength values with respect to various percent plastics
4.9 Optimum ratio
Results of the study have shown that the optimum ratio of shredded PET was 1%. This ratio resulted in a CBR value of
16, a satisfactory value for subgrade layer construction (Ministry of Works, 1999). Hence 1% was the optimum ratio for
mixing PET with sand soil for this study. From this study, it is evident that there was an increase in CBR value of the
soil. Most extreme CBR was accomplished when 1% measure of plastic waste was added to the soil. Further addition of
the strips resulted into a decrease in the CBR value. A 0.7% optimum ratio of waste plastic strips was obtained by mixing
it with red soil (Harish & Ashwini, 2015). The difference in results is due to the type of soil sample investigated by (Harish
& Ashwini, 2015) which is red soil and sand-gravel used in this study being stabilized (mixed with waste plastics). A
similar study conducted by (Tarun & Suryaketan, 2018) obtained a 0.8% of plastic strips of 2 cm sizes, which is different
from this study since shredded plastic sizes used for this study ranged from 6-20 mm in size.
4.10 Computation of percent plastic by weight
The optimum ratio for plastic waste was 1% as it gave a CBR value of 16. The improved subgrade layer would consist of
lower and upper layers. CBR values of 9 and 16 were both used for the design of both subgrade layers. Plate 6 shows a
laboratory scale section of a road with subgrade (stabilized with plastic waste), subbase, base course and surface layers.

Plate 6: A lab scale section of a road
Taking consideration of Dar es Salaam city with moderate or dry climate the lower layer was designed with 150 mm
thickness and an upper layer with a 150 mm thickness (Ministry of Works, 1999), hence the entire thickness for improved
subgrade layer was 300 mm. A subgrade layer section of a road as shown in Figure 8 was adopted to reflect the lab scale
mould to actual road at site. The road section in Figure 8 with dimensions of 7 m wide, 100 m long and 300 mm thickness
was used to estimate the 1% optimum ratio of plastic waste for stabilization in tons. The lower 150 mm layer was designed
as subgrade class S7 in which 0.5% shredded plastic waste was used and the upper layer requires subgrade class S15 in
which 1% was used for estimation. The total volume for each (lower and upper) subgrade layer computed from equation
5 was 105 m3. For lower subgrade layer, 0.5% plastic by weight of soil amounted to 0.525 m3 of shredded plastic waste
using equation 6. This was equivalent to 724.5 kg mass of shredded PET using equation 7. For the upper subgrade layer,
1% plastic by weight of soil amounted to 1.05 m3 of shredded PET plastic waste equivalent to 1449 kg of PET plastic
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waste. The total mass of plastic waste to be used for stabilization of soil to be used as a subgrade layer in road construction
per 0.1 km of the road is 2.1735 tons of shredded PET plastic waste. This corresponds to 21.735 tons of shredded PET
waste plastics per one kilometer of such designed road.
7000
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3%

Side Ditch

Surface (4cm)
Base Course (10cm)
Sub base (10cm)
S15
S15
S7

Sub Grade Layers (300mm)

S7

Figure 8: A road section showing subgrade layers
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to 21.735 tons of shredded PET plastic waste per one kilometer of the road with specifications of 7 m wide, subgrade layer
of 300 mm thickness. Results of the study indicate a potential not only on the alternative disposal method of PET plastic
waste but also a substitute for stabilizing agent compared to the common stabilizing agents of lime and cement that are
used for the improvement of subgrade layers in road construction. More research studies however are needed to confirm
and perfect the results obtained in this study.
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LEGAL THEORY AND PRACTICE OF ARBITRATION IN TANZANIA:
CONSTRUCTION INDUSTRY PERSPECTIVE
Menye David Manga32
ABSTRACT
Tanzania is coming live to alternative dispute resolution (ADR) mechanisms with Arbitration taking
the lead as the most preferred mechanism of dispute resolution. As development activities increase
and particularly in the construction sector and foreign investments, disputes will occur which will
need to be resolved. This paper looks at the legal theory of Arbitration in Tanzania and its practice.
A detail presentation is made of the Tanzanian Arbitration Act and how Courts in the country can
assist in Arbitrations. Emphasis has been made with the construction industry in mind which is more
conversant with most engineers. Attempt has also been made to look briefly at the new trends in the
practice of Arbitration in the country with an assessment of the challenges and opportunities for
engineers and engineering profession. No reference is made to International commercial arbitration
which will be a focus of future papers.
Keywords: Arbitrator, Submission, Reference, Tribunal, Award
1.0

INTRODUCTION

Arbitration is a form of alternative dispute resolution. The disputing parties hand over (by means of submission or
reference) their power to decide the dispute to the arbitrator(s). Arbitration is an alternative to court action (litigation), and
generally, just as final and binding unlike mediation, negotiation and conciliation which are non-binding. Arbitration is
the private, judicial determination of a dispute by an independent third party. An arbitration hearing involves a tribunal. A
tribunal may consist of any number of arbitrators. One and three are the most common numbers of arbitrators.
Arbitrators as a rule are unlearned in law. They are expected to decide the matters in dispute according to those
principles of equity and good conscience which, in their opinion, will do justice between the parties, untrammeled by the
niceties of the law33
General principles of arbitration are that the object of arbitration is to obtain a fair resolution of disputes by an impartial
third party without unnecessary expenses or delays Parties should be free to agree how their disputes are resolved; subject
only to such safeguards as are necessary in the public interest and courts should not interfere.
2.0

WHAT IS A DISPUTE

A dispute is when one asserts a fact and the other denies the fact. A state of a dispute is then said to have occurred. Disputes
or disagreements will inevitably develop in the course of implementation of construction and engineering contracts. This
is due to the fact that the construction and engineering industry comprises formal and informal organizations and persons
such as companies, firms and individuals working as consultants, main contractors and subcontractors, material and
component producers, plant and equipment suppliers. The industry has a close relationship with clients and financiers.
Disputes need to be resolved.
3.0

THE ARBITRATION ACT OF TANZANIA

The Arbitration Act34 and the Civil Procedure Code35 are used to govern arbitration in Tanzania. However, when arbitration
fails, parties resort to the Court of law for dispute resolution. The Arbitration Act 36 of Tanzania incorporates multilateral
agreements like the Geneva Protocol on Arbitration Clauses of 1923 and the Geneva Convention on the Execution of
Foreign Arbitral Awards of 1927.37 Tanzania also is a contracting state of The New York Convention 38 and contracting
32
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David Co. v. Jim W. Miller Constr., Inc., 444 N.W.2d 836, 840 (Minn. 1989)
34 Cap 15 RE 2002
35 Cap 33 R.E 2002
36 Cap 15 RE 2002
37 Cap 15 RE 2002, 3rd and 4th Schedules
38 Kapinga,W, Kujorjie O.T and Kapinga K. , Law Business Research Ltd 2014, Tanzania pp 406
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state to the Convention on the International Settlement of Investment Dispute between States and Nationals of Other States
(ICSID) of 1965 since 17th June 1992. In addition, Tanzania is a member of Multilateral Investment Guarantee Agency of
1985 since 19th June 199239.
4.0

REFERENCE OR SUBMISSION CLAUSE

The Arbitration Act40 provides for reference in clause 5
“5. Reference to arbitrator to be appointed by third person
The parties to a submission may agree that the reference shall be to an arbitrator or arbitrators to be appointed by a
person designated therein and an arbitration may be designated either by name or as the holder for the time being of any
office or appointment.”
A model of an arbitration reference is provided below
“Any dispute or reference of any kind whatsoever which arises or occurs between the parties in relation to
anything or any matter arising out of or in connection with this agreement shall be referred to arbitration
administered by the Tanzania Institute of Arbitrators under its Arbitration Rules Edition 2018.” 41
The attributes which collectively identify arbitration, were listed by Lord Wheatley in Arenson v. Arenson42. He listed the
following attributes which point towards arbitration43:
(a)
There is a dispute or a difference between the parties which has been formulated in some way or another;
(b)
The dispute or difference has been remitted by the parties to the person [i.e. the arbitrator] to resolve in such manner
that he is called upon to exercise a judicial function;
(c)
Where appropriate, the parties must have been provided with an opportunity to present evidence and/or submissions
in support of their respective claims in the dispute; and
(d)
The parties have agreed to accept his decision (as final and binding)
The parties to arbitration have only the power to appoint the arbitrators but they have no power to remove them. Section
4 of the Act provides that:S. 4

"Unless a different intention is expressed therein a submission shall be irrevocable, except by leave of the court,
and shall be deemed to include the provisions set forth in the First Schedule hereto, in so far as they are applicable
to the reference under submission".

The provision to be implied in submissions under section 4 of the Act cited above include inter alia power of two arbitrators
to appoint an Umpire; power to make an award; power to enlarge the time for making an award; power of the umpire;
power to examine witnesses on oath or affirmation and power to require parties and witnesses to attend and to produce all
books, deeds, papers, accounts writing and other documents in their possession44 and powers to provide for costs of the
arbitration and of the award.
5.0

ADVANTAGES AND LIMITATIONS OF ARBITRATION

The advantages of arbitration vis-à-vis litigation are often said to be the following:
(a)
Speed
Arbitration is not burdened by the backlog of cases in the courts which results in the long gap of time between the filing
of writs and actual hearings. Further, parties can agree on procedure and avoid the cumbersome rules and documentation

39

Kapinga, W B and Ng’maryo,E –Registration and Enforcement of Arbitral Awards in Tanzania, a paper presented to the European,
Middle Eastern and African Arbitration Review 2013, pp 94
40 Cap 15 RE 2002
41 Tanzania Institute of Arbitrators Rules Edition 2018
42 [1973] Ch 346; [1973] 2 WLR 553; 117 SJ 247; [1973] 2 All ER 235
43 Arbitration in Construction Disputes, A Procedural and Legal Overview By
OON CHEE KHENG, BE (Civil) (UNSW), LLB (Hons), MBA, CLP, MIEM, PEng (M),Advocate and Solicitor
A paper based on a lecture delivered on 24 May 2003 in Seremban to The Institution of
Engineers, Malaysia (Negri Sembilan Branch)
44 Item 6 of the First Schedule, Arbitration Act Cap 15 RE 2002
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in litigation. Hearings in arbitration are less formal. All these will translate into faster resolution of the disputes referred
to arbitration.
(b) Cost
Fast hearing and less paperwork mean lower costs to be borne by the parties.
(c)
Privacy and Confidentiality
All arbitral hearings are held behind closed doors and members of the public are not allowed to be present unless consents
of the parties and the arbitrator are obtained. Further, the requirement of confidentiality is always attached, expressly or
impliedly, to arbitration.10
(d) Enforceability
If not challenged, the arbitral award is as good as a court judgment.
(e)
Party Autonomy
Unlike litigation, parties in arbitration have a freedom of choice as to the arbitrators, language used, and procedure to be
adopted, method of arbitrators coming to their decision, time and venue of hearing and others which are not expressly
excluded by the Act as falling within the province of the court.
(f)
Subject Matter in Dispute
It is often said that an arbitrator, chosen partly because of his technical training, can grasp the facts and understands them
much better and faster compared to lay judges can.
(g)
Flexibility
This feature is in fact tied to party autonomy as the parties can agree how best to conduct the proceedings from its
commencement to its conclusion.
How valid are, however, all the listed advantages?
(i)
Speed
It is true that arbitration as a means of resolving dispute can be faster compared to litigation but t lawyers are engaged to
represent parties in arbitration who may turn the arbitral hearing to one which is not unlike a court hearing. Further, and
especially in the case of inexperienced arbitrators, delaying tactics by lawyers are not dealt firmly by the arbitrator for
which a judge, because of his training and professional background, can deal easily. It will not be wrong to say that even
experienced arbitrators may feel inhibited by the provisions of the Act to be too “active”.
(ii) Cost
Arbitration is not necessary cheaper compared to litigation. In litigation, you do not have to pay the judge and the use of
the courtroom etc. In arbitration, arbitrator(s) and the venue of the hearing will have to be paid.
(iii) Privacy and Confidentiality
Though privacy is definitely being upheld, but there have been some recent inroads into relaxing the strictness of
confidentiality. Further, it may also be asked, with respect to the requirement of confidentiality, what are confidential? For
how long? Who are bound by this requirement of Confidentiality? Further, it has to be said that if an arbitral award is
challenged in court, the award together with all documents filed in court are public documents and hence the notion of
confidentiality is thereafter irrelevant. However, the requirement of confidentiality is not without its strong advocates and
this requirement is still strongly guarded against.
(iv) Enforceability
Though an award is to a large degree as enforceable as a court order, it is however still subject to challenge in that it can
be set aside or be remitted to the arbitrator for reconsideration.
(v)
Party Autonomy
This to a large extent is still true but some cynics are suggesting if a large dose of “arbitrator supremacy” may also be
present.
(vi) Subject Matter in Dispute
Not all construction industry disputes involve complex technical issues; some may just turn on the interpretation of a
clause in the construction contract. Further, it may be said that a technically qualified arbitrator may not have a real
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advantage: there is a distinction between an arbitrator using his technical knowledge and expertise to understand and
evaluate the evidence before him and to provide or fill the gap of the evidence himself.
(vii) Flexibility
This is true for arbitration the price of flexibility may be certainty and consistency. The parties to a construction contract
can of course choose if they want arbitration to be the means of resolving disputes between them. All standard forms of
construction contracts provide for arbitration as the means of resolving disputes between the parties because of their
complex technical nature and that construction law is a rather complex branch of law. There is increasing trends that
international commercial disputes are often referred to arbitration for their resolution. This is usually through international
arbitration institutions.
6.0

THE ARBITRATION AGREEMENTS

Arbitration is a consensual form of dispute resolution and it is therefore a pre-requisite for arbitration to proceed that the
parties must consent to refer their dispute to arbitration. Such consent is called the arbitration agreement. Arbitration
agreements, like most agreements, can be either oral or written. An arbitration agreement does not need to be a separate
and distinct agreement from the main agreement between the parties: it can be in the form of a single clause within the
main contract itself; in fact in most standard forms of construction contracts this is the case. The importance of an
arbitration agreement however extends to more than an expression of consent to refer to arbitration, it also limits the extent
of an arbitrator’s jurisdiction with respect to a particular ‘dispute’ or ‘difference’ which is referred to him for
determination. The question of whether a ‘dispute’ or ‘difference’ falls within the subject matter of an arbitration
agreement, and hence is one which the arbitrator has jurisdiction, is a matter of construction of the words used by the
parties in their arbitration agreement. As an example an arbitrator has no jurisdiction to consolidate different causes of
actions arising from different contracts even if the parties are the same.
7.0

STAYING OF COURT PROCEEDINGS

The presence of an arbitration agreement does not bar or prohibit either or both parties from referring their disputes to the
courts. However, if a party to an arbitration agreement commences a court action against another party, the other party
sued can apply to the court to have the action stayed pending arbitration 45. The power of the court to stay such a court
action commenced by a party to an arbitration agreement is contained in Section 6 of the Arbitration Act.
It can be seen by reading section 6 of the Act that the court may stay a court proceeding commenced by a party to an
arbitration agreement upon the other party’s application for a stay if the following elements are present:
(a)
There must exist a valid and binding arbitration agreement;
(b)
There is a commencement of legal proceedings;
(c)
The legal proceedings are “in respect of any matter agreed to be referred to Arbitration”; and
(d)
The party which applies to stay the court proceedings must make the application “before taking any other steps in
the proceedings”.
The order to grant a stay is the court’s discretion and even if all the above listed elements are present, the court may still
not grant the order for a stay if, for example, there is an inordinate delay in applying for a stay; there is a bona fide
allegation of fraud; the dispute is one of a purely legal nature or arbitration alone will not dispose off all the issues in the
dispute. However, the prima facie duty of the court is to grant the stay.
8.0

THE ARBITRATOR - APPOINTMENT AND REMOVAL

An arbitrator may be appointed by the parties themselves, by an independent third party usually Arbitration Institutions
such as National Construction Council (NCC) or Tanzania Institute of Arbitrators (TIArb), or by the Court. An arbitrator
needs not be legally qualified and must not have any interests in the dispute referred to him and must be free from
bias and be seen to be so. Sometime an arbitration agreement specifies the qualification of an arbitrator and unless such
a qualification is waived by the parties, the appointment of an arbitrator who does not meet the qualification will not be a
valid appointment. Section 11 of the Act provides that “The authority of an arbitrator or umpire appointed by or by virtue
of an arbitration agreement shall, unless a contrary intention is expressed in the agreement, be irrevocable except by leave
of the High Court. ”With respect to the revocation of an arbitrator’s authority, the implication of section 18 of the Act is
two-fold:

45

Arbitration Act Cap 15 RE 2002

Harnessing Sustainable Engineering and Technology for National Socio-Economic Development|102

30th National Conference, December 5-7, 2019, Ngurdoto Mountain Lodge, Arusha, Tanzania
(a)

The arbitrator’s authority may be revoked by the High Court; and

(b)

The parties can inter-parte provide in the arbitration agreement a provision to allow for such a revocation.

Sections 10 of the Act deals with the situations where the appointed arbitrator “refuses to act, or is incapable of acting, or
dies”. The High Court shall have the power to make appointment or substitute or replacement of the arbitrator. An
arbitrator can also be removed if the arbitrator is not impartial, or may not be impartial. Other than these, an arbitrator can
also be removed, or has his authority revoked, if he has misconducted himself, or has misconducted the proceedings.
9.0

MISCONDUCT BY THE ARBITRATOR

The word “misconduct” is not defined in the Arbitration Act. The use of the word misconduct does not necessarily imply
a lack of moral value. The High Court has the power to remove an arbitrator, or has his authority revoked, if the arbitrator
has misconducted himself or has misconducted the proceedings, section 18 of the Arbitration Act. Further, with respect to
an award which has been published by the arbitrator, the award may be set aside if the arbitrator has been found to have
committed misconduct or has misconducted the proceedings.
Certain instances of misconduct include bias or partiality; failure to decide all issues contained in the reference32;
acceptance of bribes or other forms of inducement; improper delegation of duties; failure to observe rule(s) of natural
justice and others It can be seen from the brief instances given above that except for acceptance of bribes and acting with
partiality, the rest of the instances can hardly be considered to be “immoral”. The English Arbitration Act 1996 has
replaced the word “misconduct” with “serious irregularity”.
10.0 THE AWARD
The word “award” lacks a legislative definition in the Arbitration Act.” Award spells out the rights and the liabilities of
the one party vis-à-vis the other as a consequence of the dispute. With the publication48 of the award except an interim
award, the arbitrator becomes functus officio, i.e. he no longer has any power vested in him. However, the following four
qualifications will need to be borne in mind which does not render the arbitrator becoming functus officio:
(a)
If the award is an interim award;
(b)
Case remitted by the High Court,
(c)
The power to correct “any clerical mistake or error arising from any accidental slip or omission”; and
(d)
The question of cost.
An award must meet certain requirements before it will be enforced by the court.
Firstly, the award must be rational and must contain an adjudication of the issues and not a mere expression of opinion,
Secondly, the award must also be certain and consistent: there should not be any ambiguity or doubt in the award. Thirdly,
it must be final and complete: the award must settle all issues referred to him for a decision. Fourthly, the award must not
contain any illegality or anything which is contrary to public policy. Fifthly, the award must be capable of being
performed.
Sixthly, the remedies awarded by the arbitrator must be one which is within his jurisdiction to award; for example, an
arbitrator has no jurisdiction to publish an award which directs the transfer of real property. The award can be enforced by
a party to the arbitral reference by putting into operation section 17 of the Arbitration Act by enforcement by the court.
The court has power to remit an award back to the arbitrator for his reconsideration and an award so remitted must be
reconsidered and made by the arbitrator within three months. The court also has power under the Act to set aside an
award. Though section 16 of the Act when read literally suggests that the court can only set aside an award when the
arbitrator has committed misconduct or has misconducted the proceedings, it has been generally accepted that the court
has inherent jurisdiction to set aside awards on grounds of:
(a)
(b)
(c)

Error of law on the face of the record;
The award is partly or wholly in excess of jurisdiction;
Defective award.

An arbitrator has the jurisdiction to award interests. Interests are in two parts; interests before the making of the award and
interests after the making of the award. Arbitrator also has discretion to deal with the question of costs in his award both
the costs of the reference and the costs of the award. Costs of the reference include all expenditures in the entire case
whereas the costs of the award consist of the arbitrator’s remuneration and expenses.
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11.0 ARBITRATION INSTITUTION IN THE COUNTRY
The forerunner of arbitration institutions in the country is the National Construction Council (NCC) who published the
first Arbitration Rules in the country in 1984 and these have been improved over years, the improvements have involved
slight amendments to take into account some of the basic requirements of the Model Law on Arbitration of the United
Nations Commission on International Trade Law (UNCITRAL). The model law is being adopted by many countries of
the world as part of their principle arbitration law.
Tanzania Institute of Arbitrators (TIArb) is a baby of the key proponents of the NCC arbitration practitioners and was
started in order to bring an “independent” arbitral institution. TIArb has arbitration rules that are almost mutatis
mutandis with those of the NCC.
Institution of Engineers Tanzania (IET) and Architects and Quantity Surveyors Registration Board (AQRB) have also
established arbitration activities using more or less variants of the NCC Arbitration Rules 2001 Edition.
12.0 AD HOC ARBITRATION
Apart from institutional arbitration there are significant activities going on as ad hoc arbitration. This is when parties
identify and engage an arbitrator as an individual not through any arbitration institution. The ad hoc arbitrator and the
parties will however need to agree on the arbitration rules to use in the arbitration proceedings. In most cases in ad hoc
proceedings parties will decide to use established arbitration rules such as those of NCC or TIArb.
13.0 NEW TRENDS IN ARBITRATION IN TANZANIA
This paper is confined to local arbitration. There are however a number of disputes in Tanzania that are being resolved
through international arbitration institutions such as the International Chamber of Commerce (ICC), International Center
for Settlement of Investment Disputes (ICSID), London Court of International Arbitration (LCIA) and others. The country
has not been happy with awards of these international arbitration institutions and has concerns on their impartiality. The
country is now moving towards getting disputes arising from projects being implemented in Tanzania adjudicated through
judicial bodies or other organs established in the Country. The Natural Wealth and Resources (Permanent Sovereignty)
Act 2017 in section 11(2) states
“Disputes relating arising from extraction, exploitation or acquisition and use of natural wealth and resources shall be
adjudicated by judicial bodies or other organs established in the United Republic and accordance with the laws of
Tanzania”
This is a trend setter for application to projects in other sectors of the economy such as in construction. The recent
compromise agreement reached between the Government of Tanzania and Barrick Gold indicates that there is an
agreement to establish an African focused international framework to resolve any disputes in the future. An African
focused international framework simple means resolution of dispute within African international dispute resolution centers
such as Kigali International Arbitration Center, Nairobi Center for International Arbitration and may be “Dar es Salaam
Center for International Arbitration”.
14.0 THE ENGINEER AS THE ARBITRATOR
Engineers should rise up and start training to qualify as Arbitrators both as local and international arbitrators so as to grab
these emerging opportunities. Tanzania Institute of Arbitrators (TIArb) in collaboration with the Law School of Tanzania
is now carrying out training in the conduct and practice of arbitration. The Association of Consulting Engineers Tanzania
(ACET) has been carrying out structured trainings that will lead to qualification as FIDIC adjudicators and arbitrators at
national level and with further training at International level. Other professions and particularly the Lawyers are taking the
lead on what should be rightly the jurisdiction of engineers.
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ABSTRACT
This paper presents the application of analytical hierarchy process (AHP) methodology in
identification and ranking of the factors affecting the performance of a forensic science laboratory
(FSL) as decision making problem. As part of multi-criteria decision-making (MCDM) tool, AHP was
selected due to its power in ranking the cause factors. Two sets of three performance indicators were
identified (number of case-files backlogged, extended turnaround time and implementation of quality
management system (QMS) and (supply chain management (SCM) challenge, professional and
academic development and high absenteeism rate), leading to two 3 x 3 comparison matrices. The
performance factors were analyzed using two sets of cause factors (high sample influx, lack of
specialized equipment and large number of case-files per analyst) and (lack of funds/budget, low
number of competent/qualified staff and lack of motivation for self-development). After evaluation of
consistency vectors (CV), consistency index (CI) and random index (RI), the consistency ratio (CR)
was tested successfully (CR < 0.1) in both cases leading to the final ranking of the cause factors,
which shows that the high sample influx was highly ranked in the first set of cause factors and lack of
funds/budget for the second set, while lack of motivation and large number of case files were ranked
the least. The AHP method allows the management to focus on solving the problems related to these
highly ranked cause factors in order to finally improve laboratory performance.
Keywords: Forensic science laboratory, laboratory management, multi-criteria decision-making,
analytical hierarchy process, laboratory performance measures, ranking of cause factor.
1.0

INTRODUCTION

A forensic science laboratory (FSL) receives crime scene samples, processes them and analyzes them to give results for
use in the judiciary systems. The management of the FSL requires engineering decisions in order to keep the laboratory
operational and in expected performance. The performance of the FSL is measured in terms of number of case-files
processed per unit time (weekly, monthly or annually) or number of sample processed per unit time. Other measures of
performance include turnaround time (Omari et al., 2018), backlogs generated (Omari et al., 2017), supply chain
management, all of which are affected by absenteeism (Omari et al., 2019) and staff skills, experience and engagement.
Attaining good performance will put the FSL at competitive level. However, there are a large number of highly interlinked
factors which hinder good performance, ranking of which necessitates application of suitable methods like AHP.
Laboratory sample management is part of process control, one of the essentials of a quality management system,
implemented to ensure that the samples received are handled without jeopardizing the requirements needed to produce
accurate test results in the valid time called the turnaround time (TAT). The term TAT describes the interval when a test
is requested to the time when the client or the requesting authority collects the results. In the FSL, backlogged case-files
leads to work stress and frustration of both analysts and clients (Hurst and Lothridge, 2010; Nelson, 2011; Omari et al.,
2018). Moreover, criminal cases remain unsolved for the whole period a case-file is backlogged, defeating the purpose of
FSL. On the other hand, backlog elimination paralyzes other FSL functions and is also a costly operation (Hurst and
Lothridge, 2010). Causes of backlogs extend from internal (lack of specialized equipment, low staffing levels and lack of
professional staff) to external causes (such as submission of compromised samples, wrong samples, etc.). Extended TAT
has been reported to depend on large sample influx, lack of specialized equipment, competence among analysts and large
number of case-files received per unit time.
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There is no industry wide agreement about what constitutes a laboratory backlog. National Institute of Justice (NIJ), U.S.
Department of Justice defines a backlogged case file or sample as one that has not been tested 30 days after submission of
case-file to the FSL. Many FSLs, however, consider a case-file backlogged if the final report has not been provided to the
agency that submitted the case-file. Extended TAT for completed case-files occurs when a case-file takes too long to
complete than what is expected by both FSL management and the clients (Steindel, 1995; Hawkins, 2007). While clients
are aiming at making fast decision on cases, delay in receiving the analytical results (Kaur et al., 2015) can lead to unmet
targets, withdrawn cases by judges, and failure to complete investigation on time. As a result, complaints from stakeholders
disrupt the powers of the FSL in presence of competitors. Together with lack of specialized equipment that can take many
samples per unit time, lower number of analysts and lack of skills among analysts, other causes of extended TAT include
lack of staff engagement and poor integrity of submitted samples (Chien et al., 2007; Manyele, 2017). Competitiveness of
the FSL can also be enhanced through implementation of quality management system (QMS). Factors hindering QMS
implementation resemble those affecting accumulation of backlogs and extended TAT, making AHP application the best
tool for identifying and prioritizing solutions.
In the progressively competitive and challenging environment within which FSLs operate today, absenteeism is a complex
matter. Resulting from absenteeism, analytical services from FSL are faced with impeded productivity, inefficient service
delivery due to extended TAT, and, thereby negatively affecting sustainability, as well as reduced performance and
competitiveness. Absenteeism is, therefore, a significant concern in the field of human resource management. The
prevalence of absenteeism in the laboratory services necessitates research so that valuable contributions may be made that
will, ultimately, empower management and positively contribute to the discipline being studied.
Analytical services offered by laboratories go in tandem with procurement or reagents, instruments, utilities, etc., all of
which require proper chain of supply. The supply chain so established should perform well for the laboratory to remain
competitive. Analysis of the Supply Chain Performance Measures (SCPM) served as an indicator of how well the supply
chain system in the laboratory was functioning. Measuring supply chain performance can facilitate a greater understanding
of the laboratory services and improve its overall performance. It is important to measure the performance of the supply
chain by focusing on the factors contributing to the challenges facing SCM (Charan et al., 2008).
To achieve competitive edge, the laboratory management has to assess the current situation and establish the critical factors
hindering such a move. Thus, this study employed AHP methodology to rank the rather many interrelated and complex
factors and tackle the bottlenecks in a well-informed manner. The AHP gives laboratory management a scientific means
of identification and ranking in making engineering decisions as to which factors to place more efforts. To start with, a
large number of cause factors (up to six) for three main performance measures were identified and incorporated in a
questionnaire filled in by FSL staff to collect their perceptions on the ranking of main causes and provide a guide to
pairwise comparison (Saaty, 1980). The perceptions were then grouped according to staff categories to identify disparity
in views among them. This paper presents a complete and thorough analysis of performance factors for a laboratory
performing forensic science services using step by step application of the AHP methodology.
The key problem addressed in this paper is a proper identification of the factors affecting laboratory performance measures.
Together with the three first performance measures of FSL competitiveness used in the AHP methodology, other measures
were also considered in this study, with completely different major or cause factors such as the supply chain management
(SCM) was identified to be an important measure of performance (Charan et al., 2008; Taticchi et al., 2010; 2013) and
the professional and academic development for FSL staff. Finally, absenteeism among the laboratory employees was also
identified to be a factors affecting performance (Rasasingham, 2015; Vanneste et al., 2015).
2.0

LITERATURE REVIEW

2.1 Introducing AHP
AHP is a multiple criteria decision-making (MCDM) tool, which plays a critical role in many real life engineering
problems. Almost any local or central government, industry or business activity involves the evaluation of a set of
alternatives. Application of AHP to laboratory management is a new research undertaking. Very often these criteria are
conflicting with each other, for example, the main factors are the same for all the performance measures, hence, increasing
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complexity of the problem in terms of the evaluation matrices. Furthermore, the pertinent data are very expensive to collect
leading to use of AHP.
In multifactor decision making, engineers subjectively and intuitively consider the various factors in making their selection
of performance measures and main factors. For FSL where difficult decisions must be made more often, a quantitative
approach is recommended. All of the important factors such as productivity, TAT in sample movement steps, personnel
and responsibility interaction and academic developed, etc., can then be given appropriate weights. This approach is called
the multifactor evaluation process (MFEP), and works for situations in which we can assign evaluations and weights to
the various decision factors related to laboratory management. The AHP process uses pairwise comparisons and then
computes the weighting factors and evaluations (Durso and Donahue, 1995). This is an Eigenvalue approach to the pairwise comparisons which provide a methodology to calibrate the numeric scale for the measurement of quantitative as well
as qualitative laboratory performances. The scale ranges from 1/9 for “least valued than”, to 1 for “equal”, and to 9 for
“absolutely more important than” covering the entire spectrum of the comparison (Vaidya and Kumar, 2006).
In order to thrive and survive, FSLs must critically evaluate the key factors affecting competitiveness. AHP approach
based on pairwise comparisons was originally introduced by Saaty (1990) as an excellent MCDM tool which was
acknowledged by many researchers. One of the main advantages of AHP is its simplicity compared to previous decision
support methods. It uses hierarchal way with goals, sub goals or factors and alternatives. The structure will then be
translated into a series of questions of the general form, ‘how important is criterion A relative to criterion B?’, answers of
which are derived from a series of mathematical computations involving matrices (Saaty,1980). The input to AHP models
is the decision maker’s answers to a series of questions which is then termed pairwise comparisons. One advantage of
using AHP is that it illustrates how possible changes in priority at upper levels have an effect on the priority of criteria at
lower levels. A further advantage of AHP is its stability and flexibility regarding changes within and additions to the
hierarchy.
However, AHP also has some weak points. One of these is the complexity of this method which makes implementation
quite inconvenient. AHP also requires data based on experience, knowledge and judgment which are subjective for each
decision maker. This necessitates a participatory approach in filling the pairwise matrices, which forms the initial step. A
further disadvantage of this method is that it does not consider risks and uncertainties regarding the performance measures
(Yusuff et al., 2001). AHP has been applied for a vast number of areas, but it has not been applied in solving laboratory
management problems addressed in this paper. Saaty (1980) has explained about hierarchies, multiple objectives and fuzzy
sets. Ramanathan and Ganesh (1994) used group preference aggregation methods employed in AHP by deriving members’
weightages, when participatory approaches are used.
3.0

METHODOLOGY

3.1 Development of AHP Methodology
Laboratory competitiveness improvement involved identification of performance measures and detailed analysis of current
situation, collection of baseline data and setting of goals. Figure 1 summarizes the performance measures and major factors
for each measure. The first row shows the same major factors for the three performance measures, that is, case-file
backlogs, extended TAT and implementation of QMS. These are perceived to be the key measures of performance in this
study. Any other set of performance measures can be created by using different views, for example those listed at the
bottom of Figure 1.
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Figure 1: Interrelationships among the laboratory performance factors and perceived causes.
The hierarchy was structured from top (competitiveness problem) through the intermediate level (performance measures)
to the lowest level (main factors) as shown in Figure 1. This problem solution comes from the first row such that all the
three performance measures are affected by the six factors, from which only three most important (that is, high sample
influx, lack of specialized equipment and large number of case-files received). The implementation of computations starts
with pairwise comparisons and establishment of the matrix A, forming the heart of the AHP.
The main cause factors considered in this research were six, from which two sets of three highly ranked factors were
selected, that is, large number of samples per case-files (sample influx) (Manyele, 2017) and large number of case-files
received (Omari et al., 2017), lack of specialized equipment or instruments, lower number of competent staff/analyst, poor
integrity of submitted samples and lack of employees’ engagement.
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3.2 Design and Implementation of the Decision Making Process
The structure of the typical decision problem consists of a number, say M, of alternatives and a number, say N, of decision
criteria. Each alternative can be evaluated in terms of the decision criteria and the relative importance (or weight) of each
criterion can be estimated as well.
START

DECISION PROBLEM IDENTIFICATION
(FSL COMPETITIVENESS)

Extended TAT

Laboratory Backlogs

Perceived
ordering
of factors

High sample influx

A=

CV

Implementation of QMS

Lack of specialized
equipment

a11

a21

a31

a12

a22

a32

a13

a23

a33

max

Level X

Large number case
files received

Level Y

Level Z

n=3

Consistency Index, CI

Random Index, RI = f(n)
RI

CI
Consistence Ratio, CR = CI/RI
CR
Re-arrange the matrix of pairwise
comparison until CR < 0.1 for all
performance measures

NO
Is CR < 0.1?

YES

Proceed to overall
ranking of performance
measures and main factors

Identify key factors and
prepare control measures

Develop methodology
for improving FSL
competitiveness
END

Figure 2: Flow chart for implementation of the AHP procedure for improving FSL competitiveness
(CV = Consistency vector).
Let aij (i = 1, 2, 3, ..., m, and j = 1, 2, 3, ..., n) and denote the performance value of the ith alternative (i.e., Ai) in terms of
the jth criterion (i.e., Cj). Also denote as Wj the weight of the criterion Cj. Given the decision matrix, the decision problem
considered in this study is how to determine which the best alternative is. A slightly different problem is to determine the
relative significance of the M alternatives when they are examined in terms of the N decision criteria combined. For
simplicity, m = 3 or 6 and n = 3 or 6, that is, 3 x 3 matrices will be used in this study (as shown in Figure 2).
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4.0

RESULTS AND DISCUSSION

4.1

Ranking of the Main Performance Factors based on Employees Perceptions

4.1.1 Overall Ranking
The overall ranking of the main factors for each of the performance factor, based on employees perceptions are
summarized in Figure 3. Based on Figures 1 and 2, the main factors at Level Z for each of the three performance measures
were ranked by the FSL employees. These main factors were then used to create matrix A. However, each of the
performance measure had its own ranking of the main factors which was considered during the matrix creation as per
Figure 3.

Figure 3: Overall ranking of cause factors affecting laboratory performance (increased case-file backlogs, extended
TAT and QMS implementation challenge in the laboratory) based on employees’ perceptions.
4.1.2 Causes of high case-file backlog in the laboratory
The challenges facing case-file backlog management can be best resolved internally within the laboratory rather than being
imposed externally, as shown in Figure 3. The factors ranked by respondents were large number of sample per case-files,
lack of specialized equipment and instruments, lower number of competent staff or analysts, large number of case-file
received, poor integrity of sample received and lack of employee engagement. In this study, it was identified that large
number of samples per case-file could be the main factor in causing high case-file backlog in the laboratory, which scored
the highest ranking of 2.15, followed by lack of specialized equipment/instruments. The least factors being perceived of
causing case-file backlog were poor integrity of samples submitted and lack of employees’ engagement.
4.1.3 The causes of Extended TAT in the Laboratory
The causes of extended TAT were also ranked during employees perceptions as shown in Figure 3. Most of the FSL
services are directed towards providing a rapid, reliable report at a reasonable cost. However, it is also important to stress
on how soon a report would be available to the requesting authority or the client, especially the criminal justice system.
Despite a significant overall decrease in crime in the society, the judiciary experience more cases than before due to the
contributing factor of delayed laboratory results. Long TAT affects strongly economic and administrative decisions for
the clients.
Figure 3 shows also that sample influx and the large number of case-files received are the most highly ranked factors that
affect the extended turnaround time. What is needed is a real commitment to forensic science services through adequate
funding for purchasing more specialized equipment and instruments, as well as strategic reforms that increase the number
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of competent staff or analysts. In addition, there should be policies that encourage reduction of turnaround time in
laboratory processes. A poorly functioning criminal justice system, for example, allows crimes and forensic issues to go
in liberty, separating victims and their families, compromising the assurance of the public and intensifying the risk of
being highly alert.
4.1.4 Challenges in the Implementation of Laboratory QMS
The problem relating to the functioning of quality management system in FSL is caused by problems related to QMS
implementation process in each of the forensic science disciplines. Many problems affect QMS implementation, such as
those outlined in Figure 3. Results show that the highest score observed was due to lack of specialized instruments followed
by large sample influx and increased number of case-files received. The employees have limited knowledge and skills in
the area of quality management, effectiveness of which can boost the business conditions into which the laboratory
operates. Lack of training programs on QMS may also present major obstacles in development and implementation of
QMS in most laboratories.
Economic crisis in the implementation and certification of quality management system in laboratories involves sustaining
certain expenses. Supplies such as consumables and reagents are always not available to manage a large number of casefiles and the same for validation of methods towards the certification or accreditation. Therefore, the Government
intervention and financial support by allocating more funds to the FSL towards implementation of QMS is important.
4.1.5 Perceived causes of Lower Performance in SCM
Figure 4 shows that lack of competent suppliers and competent and qualified staff are the most factors causing lower
performance in supply chain management in the FSL which is true for other laboratories as well. Lack of staff engagement
and large number of requests (most of which being ad-hoc) are second highly ranked cause factors affecting performance.
In addition, reduced cooperation from suppliers is a barrier towards the implementation of a proper supply chain for
laboratories.

Figure 4: Ranking of the factors affecting SCM performance based on staff perceptions.
Figure 4 shows also that, if the laboratory staff are not fairly engaged with the process of supply, the supply chain
responsiveness is reduced which makes the laboratory less dynamic in its business hence less competitive. In other words,
an increasing number of case-files and high sample inflow require supplies to be procured on time.
4.2 Application of AHP to the Laboratory Performances Problem
4.2.1 Creation of Pairwise Comparison Matrices
The first step is creation of the three matrices (A1, A2 and A3) in relation to the values of rankings from the employees’
perceptions (Figures 3 and 4), for each main factor and performance measures. As an example, Figure 5 shows a sample
matrix A1 with entries of the pairwise comparisons for the first performance measure, that is, case-file backlogs. To address
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Equation (1), three 3 x 3 matrices were developed based on the flow chart presented in Figures 1 and 2 (for the case-file
backlogs, TAT and QMS problems), as summarized in Figure 5, whereby the numbers in the matrix of pairwise
comparisons (A1, A2 and A3) were later on converted to decimals to make them easier to work with (normalized). This was
followed by converting the numbers in the matrices of pairwise comparison to decimals to make the numbers easier to
work with (that is, normalized), leading to matrices N1, N2 and N3, as shown in Figure 5.
4.2.2 Manipulation of the Pairwise Comparison Matrices
To determine the priorities for the three main factors, the average of the rows of the normalized matrices were determined
leading to a single matrix Avg. The consistence ratio matrix, Cv, starts with the weighted sum vector matrix, Wsv, as shown
in Figure 6.

Case file backlogs
1.000 3.000 9.000
0.333 1.000 6.000
A1 =
0.111 0.167 1.000
Total = 1.444 4.167 16.00

N1

Case file backlogs
0.692 0.720 0.562
0.231 0.240 0.375
0.077 0.040 0.063

=

6.000
0.333
1.000
7.333

Implementation of QMS
1.000 3.000 3.000
0.333 1.000 0.500
A3 =
0.333 2.000 1.000
Total = 1.667 6.000 4.500

Extended TAT
0.783 0.692 0.818
0.087 0.077 0.046
0.130 0.231 0.136

Implementation of QMS
0.600 0.500 0.667
N3 =
0.200 0.167 0.111
0.200 0.333 0.222

Extended TAT
1.000 9.000
0.111 1.000
A2 =
0.167 3.000
Total = 1.278 13.00

N2 =

Figure 5: Normalized pairwise comparison matrices for the three performance measures increased case-file
backlogs, extended turnaround time and quality management system implementation in the laboratory.

Avg

=

0.658 0.764 0.589
0.282 0.070 0.159
0.060 0.166 0.252
MF1

W sv =

= 3.0541

2.042 0.180 2.388
0.860 2.042 0.210
0.180 0.860 0.503
MF2

3.103 3.009 3.124
3.015 3.103 3.009
3.009 3.051 3.030

Cv =

= 3.0541

MF3

= 3.0544

n=3

CI = [ 0.0270, 0.0270, 0.0272 ]

n = 3; RI = 0.58

CR = CI/RI = [ 0.04661, 0.04663, 0.04690 ]

Figure 6: Determination of consistence ratio (consistence test)
Since all the values of CR are higher than 0.1, then, it was concluded that the matrices A1, A2 and A3 are consistent. The
last step was to determine the weighted evaluation values, WE, by multiplying the factor evaluations by the factor weights,
and summing up the columns to complete the analysis. The overall ranking is given as
E, values of which are then
plotted to provide a graphical view, as shown in Figure 7.
Results presented in Figure 7 show that high sample influx (number of samples per case-file) was a critical factor affecting
laboratory performance. This is logical because high sample influx leads to both extended TAT and increases backlogs
due to unfinished or incomplete laboratory work. Large number of case-files received, despite of being ranked the lowest,
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is also a significant factor. This is because, large number of case-files increases workload to rather fewer analysts (large
number of case-files per analyst) as each case-file require a separate report, despite of different case-files being analyzed
at once when sophisticated machines are available. The entries in the pairwise comparison matrices for the three
performance measures (supply chain management, professional and academic development, and high absenteeism rate) in
the FSL are summarized in Figure 8.

Figure 7: Overall ranking of a first set of cause factors affecting laboratory performance (high sample influx, lack
of specialized equipment and large number of case-files).

Figure 8: Overall ranking of a second set of cause factors affecting laboratory performance (supply chain
management, professional/academic development, and high absenteeism rate).
Different from Figure 8, the results presented in Figure 8 show that lack of funds/budget was a critical factor affecting
laboratory performance. This is logical because lack of funds causes backlogs to accumulate as reagents are not purchased
on time, machines stay idle and un-serviced for an extended time, professional and academic development of the analysts
is impeded and implementation of QMS slows down as systems cannot be maintained. Using AHP, the second factor was
established to be lack of competent and qualified staff which remain few, and cannot be increased due to lack of funds and
budget. Lack of engagement among staff will always cause high absenteeism rate, and diminished professional and
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academic development efforts. Similar to the way the arrows interact between the cause factors and performance measures,
the same applies a complex interaction of the cause factors and performance measures in real organizational challenges.
Comparing Figures 7 and 8, the values of overall ranking, ∑WE, are comparably similar and for each set of cause factors,
the indication is given as to which factors need to be dealt with first in order to improve performance of the laboratory.
The next question is how the cause factors can be solved in order to improve performance. Based on laboratory
management experience, Table 1 shows the proposed means of solving the cause factors.
Table 1: Proposed means of minimizing the impact of the cause factors on laboratory performance.
Overall
Performance
ranking
factors to be
Means of minimizing the impact on laboratory
(∑WE)
improved
performance
- Train criminal investigations on proper sampling
1) High sample
- Policy on maximum number of samples per case
1) Case file
0.6135
influx
file
backlogs,
- Expand workforce
2) Extended
TAT
2) Lack of
- Proper procurement planning, and implementation
specialized
0.2288
- Lobbing, political will and budgeting for
3) Implementati
instruments
instruments
on of QMS
3) Large number of
- Increase/expand workforce for analytical work
0.1577
case-files
(decrease case-files/analyst year)
- Develop new sources of revenue, improve and
maintain old sources of revenue
1) Lack of
1) Supply chain
0.6192
- Implement entrepreneurial strategy
funds/budget
management
- Employees to work extra hours in revenue
challenges
generation areas
2) Professional
- Proper training program implementation
and academic
2) Lack of
- Service contracts with suppliers
development
competent/qualifi
0.2668
- Links with manufacturers for spares and
3) High
ed staff
troubleshooting
absenteeism
- Employ and retain competent staff
rate among
3) Lack of
- Motivate staff and raise their morale
staff
engagement and
- Encourage staff to undertake further studies related
0.1140
motivation for
to their jobs
self-development
- Award staff initiative for self-development
5.0

CONCLUSION

The AHP methodology is suggested for decision making in the laboratory management environment to solve decision
making problems from a large number of available list of cause factors and performance measures. Two cases were
included to illustrate the AHP methodology. Using this method it was possible to assign the values of relative importance
to the cause factors based on preferences and experience. In this study, we proposed two sets of performance factors and
cause factors, leading to 2 x 3 = 6 comparison matrices based on application of 3 x 3 matrices. By using multiple
performance variable and cause factors incorporated in the AHP, an appropriate pair-wise comparison of AHP was
proposed for constructing weighting scheme for laboratory performance variables. Based on this study, it can be concluded
that: (a) High sample influx and lack of funds/budget are the most critical laboratory performance challenges facing the
national forensic science laboratory. (b) The second critical factors are lack of specialized instruments and lack of
competent/qualified staff, solutions to which have been provided. It is recommended that, due to financial demands on the
implementation of solutions to debottleneck the laboratory performance, the management should focus on the most critical
first, followed by the least ranked problems.
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ABSTRACT
The knowledge of entrepreneurship is being highly discussed and recommended due to its great importance
in the establishment of companies to contribute to economic growth around the world. The importance
recognised has made the art of entrepreneurship being embedded in the growth of companies through its
employees and this brings up the practice of intrapreneurship which much as it is being practiced in the
corporate world it is yet to be highly implemented at university level and below. Intrapreneurship is the act
of behaving like an entrepreneur while working for an organization. It integrates risk-taking, innovation
approaches, as well as the reward and motivational techniques. This paper main objective is to review and
discuss the option of incorporating intrapreneurship from learning/ college level and instil the art to fresh
engineers to develop good entrepreneurs in the future. Intrapreneurship matters on two levels’i)) On a
personal level, it allows employees the space to ideate, experiment, iterate and fail. It combats a culture of
fear-based decision making and increases job satisfaction and productivity leading to growth ii) On a
strategic level, intrapreneurship unearths new growth areas and revenue streams while creating customercentric, agile and creative teams. Based on literature review this paper provides insights on the concept of
intrapreneurship while looking at the gaps and best fits at the Learning Institutions and Organisations
levels.
Keywords: Intrapreneurship; Entrepreneurship; engineering education; growth strategy

1.0

INTRODUCTION

The Tanzanian Development Vision 2025 has five key elements these include people having attained a high quality of
life; peace, tranquillity and national unity; good governance and an educated society. The first element can be achieved in
many ways entrepreneurship being one of them and considered by many as a key tool with ability to improve standards of
living and create wealth, not only for the entrepreneurs, but also for related businesses. Engineers value the ability to solve
problems in novel ways, the capacity to envision alternative solutions, and the knack for design fits in perfectly in
complementing the development goals. However, traditional instructional and evaluation methods may make students
overly risk averse, impacting their willingness to innovate to the extent necessary to make disruptive changes to
technology. Fostering an entrepreneurial spirit in engineering students may allow them to be more creative and less risk
averse in their approach to solving problems.
The inclusion of entrepreneurship education is now becoming necessary due to its great importance in the establishment
of companies to contribute to economic growth around the world, entrepreneurship is one of the most currently discussed
academic subjects. According to Stamboulis et al, 2014, entrepreneurship and new businesses have become a valuable
potential for development and economic growth in modern society.
The engineering profession amongst other professions finds itself to be the key in attaining the Development Vision 2025.
This is because in attaining the Vision 2025 the country must focus on encouraging local production of high quality and
competitive prices. This will only be realized if there is an efficient availability of various local production inputs and
infrastructure for energy, transportation, information, water, etc., and the impact will be more ostensible with products
that are recording high growth in the market, and those within the priority sectors of the economy. Entrepreneurship is
crucial in realising the required level of production through mobilisation of available resources to create enterprises.
This paper looks critically into the importance of entrepreneurship in an engineering perspective while considering the
best approach in effecting it in our daily routines through Intrapreneurship. These routines will range from the level of
engineering education at college level all the way to practicing engineers in small to multinational organisations.
2.0

CONCEPTS AND DEFINITIONS

The conceptual foundation of Intrapreneurship and Entrepreneurship are described in detail in this section utilising
available literatures from papers and manuscripts.
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2.1 Intrapreneurship
Previous work as presented by S. Wennekers et al. (2008) has proposed various definitions of entrepreneurship. These
definitions share a number of features. First, intrapreneurs are proactive individuals with a strong desire for action. They
are ‘self-starters’ who do not have to be asked to take an initiative. In fact, they usually do not even ask for permission,
and may ignore disapproval and other negative reactions from their environment about their ideas. Second, their proactive
behaviour is focussed on the pursuit of an opportunity without regard to the resources they currently control1. Somehow
intrapreneurs always seem to find a way. And third, intrapreneurs often pursue something that in some sense is ‘new’ or
‘innovative’, i.e. intrapreneurial behaviours and actions deviate from the status quo. In table 1 we give an overview of
previously formulated definitions.

Figure 1: Theoretical Model of Intrapreneurial Mindset
In all, previous definitions and perspectives consistently mention opportunity pursuit, resource acquisition, risk taking,
proactiveness and innovativeness as key elements of entrepreneurial behaviour in existing organizations Figure 1. There
is a literature on each of these phenomena. The literature on early-stage entrepreneurial activity by new business founders
has opportunity pursuit as a main focus and also pays ample attention to resource acquisition and risk taking. However,
while conceptually quite relevant in many respects, this domain is exclusively focussed on individuals pursuing an
opportunity outside existing organizations.
2.2
Entrepreneurship
S. Karimi et al, (2010) define Entrepreneurship like the behavior of a person who displays the traits (need for achievement,
need for power, risk-taking tendency and competitiveness) necessary to obtain or attain something in life, to research and
become self-sufficient. Gomezelj et al, (2013) provide another definition that Entrepreneurship is a global process and a
phenomenon of recent decades, and it seems it will be even more prominent in the coming years.
Entrepreneurship is relevant for all sectors, technological or traditional, for small and large firms and for different
ownership structures. Entrepreneurship contributes to job creation and economic growth and competitiveness, unlocks
personal potential and provides opportunities for many local communities this complements the first element of vision
2015.
2.2.1 Entrepreneurship education
The intent of Entrepreneurship education is to prepare people, particularly youth, to be responsible, take risks, manage the
business and learn from the outcomes by immersing them in real life learning experiences. The idea of educating
entrepreneurs, as such, is a new concept; and that eighty per cent of students surveyed at the end of an entrepreneurship
course said they plan to start their own business at some point in his career C Hamilton (2005). Despite the highly emerging
of entrepreneurship as an important mechanism for the generation of social returns in terms of economic growth and job
creation; the debate about the need and the way of introduction of specific entrepreneurship courses in higher education is
still ongoing.
Entrepreneurship Education consists in teaching students the process, knowledge and skills required for starting a new
business. The skills that the students need to develop during the course are very different to those acquired in other courses.
This is still in the making as the concept is relatively new with limited number of trainers who clearly understand the
concept.
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2.2.2 Entrepreneurship business
Li (2014) defines entrepreneurship as a particular condition of people finding business motivation and then integrates
resources related to entrepreneurship, thus forming a valuable capacity that is the ability of entrepreneurs in performing
business processes.
Entrepreneurship can happen in any business context, all the way from large corporations (that can afford to take on large
opportunities, yet often encounter difficulties executing new ideas), to startup companies (are the best way to pursue point
solutions that extend an existing context or pursue ideas that are more radical and yet require fewer resources)
3.0

INTRAPRENEURSHIP TO ENTREPRENEURSHIP

Entrepreneurship refers to employee initiatives in organizations to undertake something new for the business, without
being asked to do so. While entrepreneurship is related to corporate entrepreneurship, these concepts differ in the following
sense. Corporate entrepreneurship is usually defined at the level of organizations and refers to a top-down Process, i.e. a
strategy that management can utilize to foster more initiatives and/or improvement efforts from their workforce and
organization. Entrepreneurship relates to the individual level and is about bottom-up, proactive work-related initiatives of
individual employees.

Figure 2: Employee to Entrepreneur
The labour market needs to recruit more and create as many entrepreneurs as possible. The projected statistics shows an
increase of labour force of 2.0 million people over the past five years; i.e. from 2014 to 2018. The national labour force
has grown from 22.3 million people in 2014 to 24.3 million people in 2018. In addition, the number of people with
employment has increased from 20.0 million in 2014 to 22.0 million in 2018. In addition, there has been a decline in the
rate of unemployment in the country from 10.3 percent in 2014 to 9.7 percent in 2018 (NBS, 2019). The specific number
for the private sector which reflects the effectiveness of entrepreneurship in the country is presented in Figure 3.
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Figure 3: The number of formal employments created (NBS, 2019)
The trend observed in figure 3 shows that the number of employments generated by the private sector is going down this
reflects the fact that entrepreneurship is not being well promoted and supported in the country.
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4.0

GAP ANALYSIS AND CHALLENGES OF THE CURRENT SETUP

The Tanzanian educational system, which was set to serve to train civil servants, will not allow teachers and students to
adapt to meet the economic and social demands that such global transformation is bringing. The vision 2025 projects
Tanzania to become a middle-income nation by the year 2025; for this to be achieved a semi to full industrialized economy
is inevitable. Industrialization and entrepreneurship are part and parcel as they complement each other; while continuing
to tap the potential of manufacturing, industrialisation strategies should also target other sectors where economies show
latent comparative advantages. Even more importantly, industrialisation stra-tegies should also consider how to promote
high-growth entrepreneurship. Table 1 presents facts extracted from the African Economic Outlook 2017 Report.
Table 1: Facts extracted from the African Economic Outlook Report
Fact
Potential labour force (annually) between 2015 and 2030
Africa’s working-age population are starting new businesses, the highest rate in the world.
Firms with fewer than 20 employees and less than 5 years’ experience provide the most jobs in Africa’s formal sector.
African entrepreneurs start businesses to exploit opportunities in the market
African entrepreneurs start businesses because they cannot find other jobs

Figure (% or number)
29 million
22%
44%
33%

The majority of early-stage entrepreneurs operate in low productivity sectors that typically require low skill levels and
offer few barriers to entry. While small young firms tend to create the most jobs, few grow fast. Entrepreneurs who are
more skilled and highly motivated have more potential to grow and contribute to this new wave of industrialization than
other types this can be supported by facts extracted from the African Economic outlook presented in Table 1. The growth
of entrepreneurship has observed many challenges for the past years however looking at engineering as the focus of this
paper one of the challenges observed is the relevance of entrepreneurship courses offered to the current business setup.
Most of universities/ colleges offer course which tends to be more theoretical and they do not focus on the actual situation
happening on the field and equipping the graduates to tackle the real-life issues that they can face as entrepreneurs. Table
2 presents factors enabling or hampering graduate entrepreneurship at an aggregate level.
Table 2: Summary of factors affecting graduate entrepreneurship in Tanzania (E. Mwasalwiba et al)
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5.0

CONCLUSION

The limited engineering growth in Tanzania is a result of a disconnection between the education sector, the private sector
and the National Innovation System. This is proven by planning commission findings that the Vision 2025 has not been
well communicated to its stakeholders. The existing disconnection in the key sectors for the development of Engineering
is the source or incompetence in graduates and its trickle down effects goes all the way to the industry. The sectorial
disconnection in educational perspective results in an education system which lacks focus and proper foundation there is
a missing link between educators and employers. This suggests the need to overhaul engineering education and rephrase
it to suit the need of our conditions and situations.
This paper was looking at the relationship between intrapreneurship and entrepreneurship and its relation to engineering
practices. The paper has looked at the key factors between the two and how related they are the following are the dawned
conclusions;
a.
b.

c.
d.
e.
f.

6.0

The concept of intrapreneurship and corporate entrepreneurship is not optimally delivered in our colleges and the
concept in yet to be adopted by our corporations especially in public institutions where this concept is needed the
most.
Intrapreneurship is basically a sequential process, intrapreneurial activities may be grouped in three phases, i.e.
'vision and imagination', 'preparation' and 'emerging exploration'. This categorization is proposed for research
purposes mainly. In reality these phases may overlap, and sometimes activities are partly carried out in recurring
cycles and/or in a reversed order.
Intrapreneurship is key in becoming an independent entrepreneur. Whereas the key differential elements between
the two is the investment of personal financial means and the related financial risk taking, a higher degree of
autonomy, and legal and fiscal aspects of establishing a new independent business.
Large Corporation needs to encourage Intrapreneurs in their cooperation and for it to work corporate
entrepreneurship should be implemented.
The link between educators and employers should be emphasised; currently we have the education policy and the
employment policy however we do not have a policy or setup linking the two.
The data between the African Economic Outlook (AEO) and Tanzania in figures reflects a clear trend that
entrepreneurship is not well promoted in Tanzania as AEO facts states that firms that have fewer than 20 employees
(most of these are entrepreneurs) provide more jobs in African formal sector.
RECOMMENDATIONS

The national setup reflection policy and education is key in looking at the challenges and suggesting the best way of
overcoming them. The main recommendation issues is we need to have a general focus/ policy that push the entire country
to support entrepreneurship as facts shows that that’s the reliable way of attain the industrial economy. Specific
recommendations include;
a.
At the level of educational institutions, the challenge is to enhance the relevance of entrepreneurship courses and
programs taught in universities for addressing practical issues in the Tanzanian context. Teaching entrepreneurship
has to move beyond listing strategies for raising capital. Students need also to be equipped with skills enabling them
to deal with negative attitudes, competition from cheap imports, choice of appropriate technologies, and to take
advantage of other factors that are unique to the Tanzanian context. Our courses needs to be revamped to match the
real situation and cop with the Tanzanian context.
b.
There is a need of conducting further studies on the link between the two policies the education and the employment
policy as there is a bridge between the two and this should reflect on encouraging trainers to increase their coverage
and teach about becoming intrapreneurs this will bridge what the market wants vs what is taught and colleges
through policy review.
c.
Public institutions should encourage intrapreneurship by adopting corporate entrepreneurship this will allow
innovations and increase effectiveness in performance.
d.
Engineers needs to be courageous to start businesses even before they leave employment this will develop required
experience that is needed to run business when they retire or leave employment for any other reason; this can also
be achieved by utilising several opportunities highlighted.
e.
The entrepreneurship conditions in the country needs to be improved; more graduate and the public at large should
be encouraged to become entrepreneurs to match the projects figure and hence attain the vision 2025
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