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ABSTRACT

This paper presents the Analytic Hierarchy Pro¢@s$$P) as a potential decision making method for
prioritizing road projects for implementation. ARagnination of the way implementing agencies decide
over which road project to select for executionige/g a constant desire to have a clear, objectie a
scientific criteria. However, decision making ig, its totality, a cognitive and mental process \dati
from the most possible adequate selection basadngible and intangible criteria, which are arbitya
chosen by those who make the decisions. In thierpaphierarchical structure is constructed wittada
from a regional road directorate’s scheduled pakembads for implementation based on commonly
known factors used by agencies for selecting pt®jedn integrated factor base (IFB) taking into
consideration, the Social, Legal, Environments, rlemoic, Political and Technological (SLEEPT)
influence of roads has been developed to aid iwigirg a systematic approach for prioritizing road
projects. By applying the AHP, candidate projeas ©e prioritized in descending-order of the most
viable project to be selected for implementatiolne paper shows the adequacy of the AHP and proposes
the use of simplified professional software, thexp&t Choice' that is available commercially and
designed for implementing AHP. It is hoped thasthiill encourage the application of the AHP by
project officials and other project managementgssionals for implementing projects.
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1 I ntroductory Background

Road transport infrastructure is a crucial driveidevelopment, bringing socio-economic opportusitie
within the reach of the poor and enabling econortielse competitive and thrive in a globalized world
(The World Bank, 2008). Road transportation isnsae the backbone of economic development and
connects people to the services they need by altppeople to interact and generate the knowledate th
creates long-term growth. A successful organizatmognizes that when an effective strategy is gtgp
implemented, it will result in a sustainable conitpet advantage. Examining the formulation of an
organizational strategy, it becomes evident thattexjy is really about choices. In this contexpichs
mean making the correct decisions, selecting tisé dd&ernatives and periodically optimizing the icks

as the organizational environment changes (KendiSaaty, 2007).

An examination of the way implementing agenciesdieover which road project to select for execution
reviews a constant desire to have a clear, obgdivd scientific criteria (Haas & Meixner, 2005).
However, decision making is, in its totality, a ndiye and mental process derived from the most
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possible adequate selection based on tangibleraadgible criteria (Saaty, 2007), which are arbiya
chosen by those who make the decisions.

During the process of evaluating individual progeot groups of projects and choosing to implemesgta

of them to meet the objectives of organizations,dblection team ensures that several conditianmat.
These conditions may vary widely from firm to firbut may involve the assessment of the project
potential profitability, chance of meeting retum-imvestment, meeting the requirements of the law o
rules of industrial association, the availability gkills and knowledge for implementing the project
meeting project deadline and the possibility of timgeall technical and economic feasibilities (Mglnt
Meredith, Shafer & Sutton, 2011). Consequentlifeding methods are employed but can generally be
categorized into numeric and non-numeric.

There is a general understanding that the convaltipansport planning approaches, based on transpo
user cost savings, cannot easily work for all typiesoad investments, particularly when modal cleaisg
forecast, social pressures are induced or theaehigh chance of road closure (Odoki, Ahmed, Taglor
Okello, 2008). For example, the current engineeand economic models cannot adequately capture the
benefits to deprived communities if improving irdhaictures that lead to better schooling, bettatthe
care, or the provision of other services such peiwater supply, the provision of electricity, ety
established market or better emergency food digidh. Sometime socio-political issues which arthat
heart of the electorate are not easy to justifjniwithe conventional criteria for selecting progeébr
development.

Past attempts to overcome these problems havedamkesistency (Ghasemzadeh & Archer, 2000).
Therefore, there is a need to develop an integifadéedework to address the poverty, political andiao
benefit aspects in a systematic manner. In a stoadgucted on the topic “identification and treatinei
social benefits in road transport project appraigaR005, Eugene and Dey, highlighted the problerins
identification, separation, measurement, forecgsdind valuation of social benefits within a coshdfé
approach framework. It recommended a flexible agghousing the principles of multi-criteria analysis
(MCA) that is capable of combining qualitative andantitative data into a single analytical framexwor
One of the study outputs was a computerized soétwaol that can be used alone or within the
framework of globally accepted appraisal modelsthédligh such tools appear to be robust in
methodological terms, there are fundamental opmratiproblems, including the choice of the
benefit/cost indicators and their weights. The enristudy outlines a procedure that incorporatesthe
most popular models the aspect of socio-politisslies.

In this paper, a hierarchical structure is consedicising proposed road projects from a regiorgiviay
office as an example based on commonly known faatised by highway implementing agencies for
selecting projects. An integrated factor base (IRBking into consideration, the Social, Legal,
Environmental, Economic, Political and Technolobi@&LEEPT) profile of roads has been developed to
aid in providing a systematic approach for priaiitg road projects. By applying the AHP, candidate
projects can be prioritized and in a descendin@ioligt of projects that can be made in order tectehe
most viable project for implementation. The sewgitianalysis can be performed to check the setitsiti

of the final decisions, if required.

2 Traditional methods of prioritizing road projectsfor implementation

Organizations identify many potential projects ag pf their strategic planning processes, butigtef
potential projects needs to be narrowed down teedttbat will be most beneficial. Selecting projests
not an exact science, but it is a critical papafject management. Many methods exist for selgdtom
among possible projects. Four common techniques foeusing on broad organizational needs;
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Categorizing information technology projects; Parfing net present value or other financial analyses
and Using a weighted scoring model.

There are numerous tools that are used qualitatiwetl quantitatively to achieve the objectiveselist
above. Among thQualitative Models are;
* Subject Matter Expert (SME) judgments (based on SMBowledge + expertise)
* “Sacred Cow” (pressure from upper management -gialits who wants project done in their
way)
* Mandates (generated from external vendors suchnaiing agencies and institutions)

The Quantitative Models areged on financial considerations that can be atledlon the philosophy
of “time value of money” and that all things beiagual, it is better to have money now rather tlader|
The major underpinning being that $n today is “Wbrhore than $n one year from today due to inffatio
and risk. Of these, the cost of money is the mostliptable, hence, it is the essential component of
economic analysis. Cost of money is representgd ognoney paid for the use of borrowed money, dr (2
return on investment. Cost of money is determingdrbinterest rate. Time value of money is defiaed
the time-dependent value of money stemming botmfahanges in the purchasing power of money
(inflation or deflation) and from the real earnipgtential of alternative investments over time (kzh&
Sinuany-Stern, 1983). The economic and financialyeis of the project is based on the comparison of
the cash flow of all costs and benefits resultingrf the project's activities. There are four common
methods of comparing alternative investments:

* Net present value,

« Rate of Return,

» Benefit-Cost analysis, and

e Pay Back Period.
Each of these is dependent on a selected inteatsstor discount rate to adjust cash flows at differ
points in time (Lockett & Stratford, 1987).

Central part of the project selection process ialiation and prioritization of identified projects.
Although decisions are based on values and preafesenf the decision makers, a set of criteria eciig
objectives can be used while prioritizing projeetsd determining the real meaning of an optimal
relationship between benefits and costs.

There are a couple of methods available, and thiea oréeria groups are, Financial, Strategic, Risks
(Threats), Technical Knowledge and Stakeholder citmemt. These methods require a certain minimum
level of "planning” for each one of the projectsbm evaluated. For example, we need to know, projec
life cycle duration, in number of accounting pespdexpected project cost per accounting period,
expected project revenue per accounting periodativiesk values of the projects to be evaluated.

Usually, we do this whole evaluation in definition early planning phase and then have estimates of
those values and make sure that the estimatiorraaies are comparable. Although such models have a
sound empirical base, model users should be awatieedimitations enshrine in them. For example,
models do not endogenously predict road accidantiseir costs, nor environmental impacts such as ai
and noise pollution, nor traffic delay costs duriegd construction or maintenance. Facility is pied,
however, to incorporate accident costs, delays.eanvttonmental impacts where exogenous estimages ar
available. The social, legal, political interfereaccan be enormous. Hence, to provide adequategrdg

for their selection, there are certain minimum Is\a# "planning” for each project to be evaluated.

21  TheHighway Development M anagement Model (HDM-4)
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One of the well known models for appraising roadjguts is the Highway Development and
Management Model (HDM-4) which seeks to addresd inaestment related social issues. The HDM-4
has the ability to rank investment alternativesedasn the perceived importance of a range of @iter
one of which is labeledSocial Benefits and Costd4owever, there are some limitations to the enitrr
methodology used for the inclusion of Social Betsefiithin the HDM-4 MCA framework:
» The Social Benefits/Costs cannot be further brolewn into a hierarchy reflecting levels of
detail at which the different types of benefits @odts can be identified,;
e The indices that can be defined for the performaoiceach alternative in meeting the study
objective of maximizing or optimizing social bersfare very broad,;
» Issues relating to political pressures from thetelates that drive the selection of projects are
not normally captured.
The analytic hierarchy process (AHP) method haseido be extremely valuable in business process
improvement, prioritization decisions when they dive both tangible and intangible strategic
considerations.

3 The Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a decisaiting method developed by Saaty (1980, 1985 &
1990). It aims at quantifying relative prioritiesr fa given set of alternatives on a ratio scalegtian the
judgment of the decision-maker, and stresses tip@riteince of the intuitive judgments of a decision-
maker as well as the consistency of the compa$@afternatives in the decision-making process f{aa
1980). Since a decision-maker bases judgments owlkdge and experience, then makes decisions
accordingly, the AHP approach agrees well with hebavior of a decision-maker. The strength of this
approach is that it organizes tangible and intdadictors in a systematic way, and provides actired

yet relatively simple solution to the decision-makiproblems (Skibniewski & Chao 1992). In addition,
by breaking a problem down in a logical fashionnfréhe large, descending in gradual steps, to the
smaller and smaller, one is able to connect, thraigpple paired comparison judgments, the smateo
large.

Kendrick & Saaty (2007), outlinesix advantages to using AHP over other alternagtinggect selection

and prioritization techniques:

1. Because AHP uses a hierarchical structure, it esatbbcision makers to define high level strategic
objectives and specific metrics for a better agsens of strategic alignment.

2. AHP goes beyond financial analysis by integratingrgitative and qualitative considerations as well
as competing stakeholder inputs into setting presi

3. AHP enables decision makers to measure the relatipertance of projects, including their benefits,
costs, risks and opportunities so resources cafldmated to get the best ‘bang for the buck’.

4. AHP can be applied in any organization with anyelesf maturity because the inputs are normalized
using either numerical data or subjective judgmeriten metrics are not available.

5. The AHP process lends itself to sensitivity anaygiroviding practitioners with greater analytical
capabilities when examining what-if scenarios.

6. The auditable and explicit structure of the decisimodel creates a strong framework for
systematically improving project selection and editton decisions.
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Table 1: Project example for 5 projects and SLEERTor and sub-factors

Project
Project | Project| Project | Project| Project
Factor Sub-factors A B C D E
Increased access to health facil 7 7 5.E 7.5 7.C
Increased access to clean water sol 6.5 5.E 5.E 6.C 7
Increased access to  educatic 6 7 6 7 7
institutions
_ Access to informatiornew knowledge 7 7 8 6 5.t
Social Modernity 6 5 5E 6. 6.E
Increased road accide 7 7 7 5.t 5.E
Increased insecurity & crin 5 6 6 7 7
Increased incidences of dises 4.5 5.E 5.k 8 6.5
Negative cultural influenc 6 7 5 6 7
Loss ofland/property acquisitic 4.€ 6 7 7.5 5.t
Legal Compensation payme 7 7.5 6 6 7
Loss of land/property acquisiti 7 7 7.5 8 6
Dus! 7 7 7 7 7
Pollutior 8.5 7 6.5 7.5 5.E
Environmental Social consequences on environn 7.5 6 7.5 7 7.7
Land degradatic 7 7.5 8 6.5 7
Settlement/resettleme 7 6.5 7 8 7.5
Net Present Value (NP 8 7 7 6.5 6.5
Economic Rate of Return (ER 7 6.5 7.5 7 6.5
Economical Benefit Cost Ratio (BCR), NPV, 7 7 87.t 8 6.5
First Year Rate of Return (FYR 7.5 7.5 7.5 7 8.t
Construction Cost (¢ 16.€ 18 17.5 18.2 17.C
Fairness in providing road acc 7 6.5 7 8 7
Promotion of political stabilit 6.5 7 7 6.t 7.5
Political Strategic importance of roads, High High | Mediur | High | Mediumr
A representative value isexternally 8 7.5 6.t 7 6.5
defined by the user for each alternative
Maximize energ 7 7 8 6.t 6.5
Efficiency (% 90 75 75 80 88
Functiona 6.5 7.5 7 6.5 6.5
Technological Service leve 7 8 7 8 8
Safet 9 9 9 9 9
Annual Average Daily (AADT) Traffic- 3,00( 3,30( 3,20( 3,05( 3,10¢
Length (km 34.t 40.5 38.t 425 36

4 Road Project Prioritizing Case Example
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Data from a regional roads directorate administerioad project in an emerging economy has been
chosen to demonstrate the effectiveness of the Atidel for selecting the most viable road for
implementation. The road corridors under considtemahave been dubbed A to F. These projects have
been planned for execution under funding arrangénen

To simplify calculations, the factors that will bésed in the project example are Social, Legal,
Environmental, Economical, Political and technobtadii (SLEEPT). Other criteria can be added if
necessary, together with a suggestion that a canphbuld be used to simplify calculations. Thenma
factors necessary for evaluating a project are sanaed in Table 1 above.

By following the AHP outline indicated above, thedarchy of the problem can be developed as shown
in Figure 1 below. For steps 3, the decision-makerge to indicate preferences or priorities forheac
decision alternative in terms of how it contribute®ach criterion as shown in Table 2.

Level 1: Goal Selecting the most viable road project
Level 2: Criterial Social Legal Economic Environmental Poltical Technological
. = -
Level 3: Project A A A A A A
B B B B B B
C C C C C C
D D D D D D
E E E E E E

Figure 1: Hierarchy of road project example A,BR@nd E are candidate roads under consideration
The following can be done manually of automatichiyusing the Expert Choice software.

Synthesizing the pair-wise comparison matrix

Calculating the priority vector for a criterion $uas technological

Calculating the consistency ratio

Calculatinghmax

Selecting appropriate value of the random consisteatio from Table 4

Checking the consistency of the pair-wise compariswtrix to check whether the decision-
makers’ comparison were consistent or not.

oukhwhE

For illustration purposes the calculation for thigens are made. Synthesizing the pair-wise coisgar
matrix performed by dividing each element of thdnray its column total.
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For example, the value 0.087 in Table 3 is obtaimedividing 1 from Table 2 by 11.5, which is thes

of values in Table 2; (1+2+5+3+%).

The priority vector in Table 3 can be obtained ingihg the row averages. For example, the priarity
project A with respect to the criterion “Social” frable 3 is calculated by dividing the sum of thevs
(0.087+0.071+0.040+0.133+0.200) by the number ofegts i.e. 5 in order to obtain the value 0.106.
The priority vector for Social factor, indicatedTable 3 is given below:

Table 2. Pair-wise comparison matrix for Social Table 3. Synthesized matrix for Social Factor

Social A B C D E Socal AN B Cc D E Pronty
Vector
A 1 Y s A 2 A 0087 0.C71 0.04C 0.13% 0.20C 0.10€
B 2 1 Y s 2 B 0174 0.14% 0.09¢ 0.13% 020C 0.15C
C 5 2 1 s 3 C 0435 0.28¢ 0.19¢ 0.133 0.30C 0.271
D 3 3 3 1 2 D 0261 042¢ 0.59¢ 0.40C 020C 0377
E Y 7, A ', 1 E 0.04Z 0071 0.066 0.20C 0.20C 0.09¢
115 70 50 25 10 ¥'=1.000

Amax=5.4367; CI=0.1093; RI=1.12; CR=0.0976 < OK

Now, estimating the consistency ration is as folow

1.00 0.50 0.20| 0.3 2.0 0.
2.00 1.00 0.50| 0.3 2.0 0.

0.106 5.00Q+ 0.150 2.00 | + 0.271 1.0 + 0.37 0.3 0.096 3.0 =
3.00 3.00 3.00 1.0 2.0 2.
0.50 0.50 0.33 0.5 1.0 0.

Dividing all elements of the weighted sum matribggheir respective priority vector elements weadrnt

0.553 _

- 5207 0.816_

= 5.443 1516,

= 5.605

2.150

0.106 " 0.150 " 0271 ’ 0.377

We the compute the average of these values tordbigi

(5.2073+5.4432+5.6048+5.7004+5.228)
5

Xmax

5.4367
Now, we find the consistency index. Cl as follows

Cl = Amax-N = 5.4373-5 = 0.4373

n-1 5-1 4

57

0.1093

0.503

= 5.23

0.096

Selecting appropriate value of the random consigteation, RI for the matrix size of five using lal2,
we find Rl = 1.12. We then calculate the consisgaation, CR as follows:

CR=CI/RI = 0.1093/ 1.12 = 0.0976
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Judgment consistency can be checked by taking dhsistency ratio (CR) of Cl with the appropriate
value as shown in Table 4 below. The CR is accéptéibit does not exceed 0.10. If it exceeds the
judgment matrix is inconsistent and will requirgiesv and improvement.

Table 4. Random Consistency Values

Size of Matri 1 3 4 5 6 7 8
Random 0 058 09 | 1124 124 132 141
Consistency

Random consistency with corresponding matrix $&aaty, 1980, 1985, 1990)

As the value of CR is less than 0.1, the judgmardgsacceptable.

Similarly, the pair-wise comparison matrices anidniy vectors for the remaining criteria can beirfid
as shown in tables 5 -9 respectively.

Table 5. Pair-wise comparison matrix for Legal

[Eah Pair-wise comparison matrix for Econ.

Llegal A° B C D E Priority Economic A B C D E Priority
Vector Vector
A 1 6 6 2 6 047¢ A 1 2 3 0.147
B Y 1 Y3 Y, 3 0.09: B 2 1 Y 5 2 0.22¢
C Y% 3 1 Y% 5 0.15¢ C 4 3 1 6 4 0.467
D Y, 2 2 1 6 0.23( D Yy Y 1 2 0.08¢
E Yo Y3 Y5 Y 1  0.044 E O A T | 0.076

Table 7. Pair-wise comparison matrix for Environ Table 8. Pair-wise comparison matrix for il

Enviion A B C D E Priority Political A B C D E Priority
Vector Vector

A 1 Y Y 2 3 0.085 A i Y Y 3 3 0.144

B 7 1 Y, 6 5 0.282 B 5 1 5 6 6 0.537

C 8 3 1 9 9 0.53¢ C 3 | 2 2 0.17:

D , Y Yy 1 2 0.057 D .0 Y Y1 2 0.08¢

E . s Y9 Y, 1 0.041 E Y5 Y YU U 1 0.062

Table 9. Pair-wise comparison matrix for Technology

A B C D E  Priority

Vector
A 1 6 1 2 8 0.298
B | Y, Y, 2 0.071
C 2 4 1 4 9 0.43]
D Y, 3 Y, 1 6 0.164
E Yo o YUy Y Y, 1  0.036

In addition to the pair-wise comparison for the iden alternatives we also use same pair-wise
comparison procedure to set priorities for all gieria in terms of importance of each in conttibg to
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the overall goal. Table 10 shows the pair-wise camgpn matrix and priority vector for the next six
criteria.

Table 10. Pair-wise comparison matrix for the sitecia

Socia Lega Economic Environment Political Technologice Priority

Vector
Socia 1 Y, 2 3 6 8 0.282
Lega 3 1 3 6 2 2 0.34¢
Economice , s 1 4 3 3 0.17(
Environmenta Y, Y s 1 ” Y, 0.04¢
Political Y, Y, Y, Y, 1 Y, 0.040
Technologice s Y, 5 2 1 0.11¢

Table 11. Priority matrix for project selection

Social Legal Economical Environmental Political Technological Overall

(0.282) (0.344) (0.170) (0.048) (0.040) (0.116) priority

vector

A 0.106  0.476 0.147 0.085 0.144 0.298 0.2627
B 0.150  0.092 0.225 0.282 0.537 0.071 0.1554
C 0.271  0.158 0.467 0.534 0.173 0.431 0.2927
D 0.377  0.230 0.084 0.057 0.084 0.164 0.2248
E 0.096  0.044 0.076 0.041 0.062 0.036 0.0638

The expect choice software can do the rest of #heutations automatically, or manually combined the
criterion priority and the priority of each decisialternative relative to each criterion in ordedevelop
an overall priority ranking of the decision altetima which is termed the priority matrix (Table 11)

The calculation for finding the overall priority pfoject are given below for illustrative purposes:

Overall priority of Project A =0.282(0.106)+0.304476)+0.17(0.147)+0.048(0.085)+0.04(0.144)
+0.116(0.298) = 0.2627

Overall priority of Project B = 0.282(0.15)+0.384792)+0.17(0.225)+0.048(0.282)+0.04(0.537)
+0.116(0.071) = 0.1554

Overall priority of Project C = 0.282(0.271)+0.384.58)+0.17(0.467)+0.048(0.534)+0.04(0.173)
+0.116(0.431) = 0.2927

Overall priority of Project D = 0.282(0.377)+0.3023)+0.17(0.084)+0.048(0.057)+0.04(0.084)
+0.116(0.164) = 0.2248

Overall priority of Project E = 0.282(0.096)+84%0.044)+0.17(0.076)+0.048(0.041)+0.04(0.062)
+0.116(0.036) = 0.0638

For selection, the projects are now arranged imadiveriority in descending order of magnitude:AC D,
B and E, showing C as the candidate road to bengivierity attention for implementation.
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5.0 CONCLUSIONS

Selection of projects for implementation involvesmplex and daunting efforts to make
scientifically sound decisions. In this paper, &P as a decision making process has been used
with integrated factor base (IFB) taking into considerat Social, Legal, Environments, Economic,
Political and Technological (SLEEPT) factors thdtience the selection of roads for implementati®y.
applying AHP, candidate projects have been priaitiin descending-order of the most viable praject

be selected for implementation.
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