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ABSTRACT
In rapid-growing construction sector of Addis Ababa, the selection of appropriate flooring

finishing materials is a key decision that significantly affects the quality, durability, and cost-
efficiency of building projects. Despite its importance, the selection process challenged by a
lack of structured evaluation methods, leading to decisions based on limited information or
subjective preferences. This study aims to address this gap by identifying the key criteria
influencing flooring material selection and applying a quantitative, data-driven approach to
prioritize these criteria using the Analytic Hierarchy Process (AHP). The objectives of this
research were four part: to assess current practices in flooring material selection within Addis
Ababa, to identify and structure the main selection criteria, to apply the AHP model to rank the
criteria and flooring alternatives based on expert judgment, and to develop a data-supported
decision-making framework that construction professionals can apply in similar contexts. The
study conducted on a sample of 18 high-rise buildings (14 commercial buildings above G+10
and 4 public buildings above G+6), using purposive sampling techniques 18 building selected
for this study. Data collected through structured questionnaires targeting professionals who
assigned on the selection process of flooring materials such as engineers, architects, and project
managers. The AHP model applied to analyze six major dimensions of material selection:
economic, technical, aesthetic, functional, environ mental, and stakeholder preference. These
were further broken down into 15 specific sub-criteria. Nine commonly used flooring materials
in Addis Ababa evaluated, including rubber flooring, wood flooring, engineered wood, vinyl,
terrazzo, porcelain/ceramic tiles, concrete-based flooring, natural stone, and epoxy. The results
showed that Porcelain/Ceramic Tiles were ranked highest in overall priority (16.76%),
followed by Concrete-Based Flooring (15.91%) and Natural Stone Flooring (12.19%). Among
the criteria, Initial Cost (14.8%), Maintenance Cost (10.37%), and Durability (8.8%) found to
have the greatest influence on material choice. The findings of this study contribute to
improving the decision-making process in flooring material selection by offering a transparent,
replicable, and objective framework rooted in empirical data. The proposed model can support
construction professionals in Addis Ababa in making more efficient and rational choices,

ultimately enhancing project outcomes in terms of cost, performance, and material suitability.

Keywords: Analytic Hierarchy Process (AHP); Multi-Criteria Decision-Making (MCDM)

Selection Criteria; Alternative Flooring Finishing Materials; Selection Framework
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CHAPTER ONE

INTRODUCTION

1.1. Background
The construction industry in Addis Ababa, Ethiopia is growing fast due to urbanization and a

rising need for infrastructure and housing developments. Consequently, the city is undergoing
a transformation that is marked by high-rise commercial, public, and residential buildings. The
construction sector not only contributes to economic development but also play an important

role in providing the city is urban housing and service requirements.

In this case, the selection of building materials is a significant driver of construction quality,
cost-effectiveness, and environmental performance. Building materials affect strength,
durability, energy efficiency, and environmental footprint buildings. Higher levels of urban
construction sophistication require products that meet several demands technical, economic,
environmental, and functional at once. Floor materials, on the other hand, are essential
considerations that determine user safety, comfort, and aesthetic appeal and long-term
maintenance requirements. In multi-story buildings, the performance of floor structures is
particularly critical owing to load distribution, fire resistance, sound insulation, and cleanliness.
(Ashby M. , 2013)

Flooring is a fundamental aspect of building construction that serves structural and functional
purposes. It provides a firm, durable surface to bear occupants and furniture, in addition to
enhancing the building's comfort, Aesthetic, and safety. In modern construction, especially in
high-rise commercial and public structures, floor selection directly associated with load-
carrying capacity, sound and thermal performance, ease of maintenance, and resistance to wear
and environmental condition. With the development of technology in building construction,
the quality of flooring systems and materials has enhanced, providing designer and developers
with an extensive selection suitable for particular building requirements. Familiarization with
the floor use pattern in building construction will ease the process of making right decisions

suitable for both performance expectations and users' requirements (Allen, 2019)

Material selection is not simple. There are several possibilities. They have their advantages and
tradeoffs. Classic decision-making pays a great deal of attention to cost and availability. Key

considerations like durability, external resistance factors, ease of installation, design



compatibility, and environmentally impact usually neglected. Akinlabi, 2025 . These cost-
driven decisions might seem reasonable at first. Ultimately, increase operational costs and
Structural failures. Environmental consequences that endure for decades. Contemporary
techniques of construction are developing. They encourage multi-dimensional decision-
support frameworks. The frameworks take into account economic, technical, environmental,
and functional considerations; Comfort, Safety, User preference, and Local availability all
these are important (Wu, 2011).

This trend aside, Ethiopia lags behind. Especially in urban centers like Addis Ababa.
Comprehensive material selection frameworks are rarely applied. Research concentrates on
conventional practices. They neglect multi-criteria decision-making (MCDM) methods. This
leads to suboptimal decisions. Increased costs. Lower sustainability. Low-performing
buildings, when they should not. Addis Ababa faces special challenges. Limited availability of
local materials. Volatile prices. An urgent need for sustainable building practices. Without

systematic evaluation frameworks, these challenges will not vanish (Woldetensay, 2016).

This research aims to address this gap by developing a structured, multi-criteria decision-
making framework for selecting flooring materials in high-rise buildings in Addis Ababa.
Using the Analytic Hierarchy Process (AHP), a widely recognized MCDM method, the study
will systematically evaluate various selection criteria, including initial cost, maintenance and
installation cost, durability, resistance to external factors, ease of installation, design
compatibility, sustainability, recyclability, environmental impact, comfort, safety, user
preference, and local availability. The expected outcome is a robust supporting framework that
enables construction professionals to make informed, evidence-based decisions, enhancing the
efficiency and sustainability of construction projects in Addis Ababa. This framework will also
serve as a  replicable model for other developing regions facing similar challenges,

contributing to the broader discourse on sustainable construction practices.



1.2. Problem Statement

The construction industry in Addis Ababa, Ethiopia, is undergoing rapid growth due to
increased urbanization and rising demand for infrastructure and housing. Despite this
expansion, decision-making regarding the selection of flooring finishing materials remains
largely informal, subjective, and unstructured. Typically, decisions based on a few visible
factors such as initial cost and local availability, while critical performance-related criteria such
as durability, lifecycle cost, sustainability, safety, and aesthetic compatibility frequently
overlooked. This inadequate approach to material selection leads to several negative project
outcomes, including higher long-term maintenance costs, reduced user satisfaction, and
environmental inefficiencies. Ultimately, the absence of a holistic material evaluation
framework undermines the functional, economic, and environmental performance of buildings
over their lifecycle (Kiflu, 2022).

Several studies have highlighted the complexity and multi-dimensional nature of flooring
material selection. For instance, (Ashby M. F., 2005) (Cabeza, 2014) emphasize the importance
of considering multiple factors technical, environmental, economic, and aesthetic in material
decisions. Yet, in the Ethiopian context, and specifically in Addis Ababa, there is limited
localized research and decision-support frameworks that guide practitioners in balancing these
diverse criteria. This gap contributes to uninformed decisions that are often driven by

conventional practices, short-term cost savings, and limited technical awareness.

Furthermore, Addis Ababa presents unique challenges, including fluctuating material prices,
limited access to sustainable flooring options, and a scarcity of trained professionals in
materials evaluation. These issues compounded by the lack of systematic tools that enable
stakeholders to evaluate and prioritize flooring alternatives based on multiple interrelated

criteria.

Globally, Multi-Criteria Decision-Making (MCDM) methods particularly the Analytic
Hierarchy Process (AHP) developed by Saaty (1990) have successfully applied in material
selection contexts. AHP helps decision-makers structure complex problems, compare
alternatives based on both qualitative and quantitative criteria, and derive priority rankings that
reflect stakeholder values. However, its application in the flooring material selection process

in Addis Ababa remains underexplored.



Given the rapid urban development of the city, there is an urgent need for a structured and
context-specific decision-making framework that integrates the diverse criteria relevant to
flooring materials. This research addresses that need by proposing an AHP-based model
tailored to Addis Ababa’s construction industry, with the goal of supporting more balanced,
informed, and sustainable material selection decisions that align with both local challenges and

global best practices.

1.3. Research Objectives

1.3.1. General Objective
The General objective of this research is to develop a decision-support framework for the

selection of flooring finishing materials in building projects in Addis Ababa, utilizing a Multi-
Criteria Decision-Making (MCDM) model.

1.3.2. Specific Objectives
The specific objectives of this study are as follows:

1. To examine the current practices for selecting flooring finishing materials in building
projects in Addis Ababa.

2. To apply the Analytical Hierarchy Process (AHP) model to prioritize criteria based on
expert judgment and real-world data.

3. To develop and validate decision-support using stakeholder inputs.

1.4. Research Question
This research on a study of Flooring Finishing Materials selection criteria in Addis Ababa

Building project using multi-criteria decision- Model Aims to Address the Following Specific

Research Questions.

i.  What are the current practices and trends in selecting floor-finishing materials
in Addis Ababa building projects?
ii.  What are the most important criteria influencing the selection of floor finishing
materials in Addis Ababa building projects?
Iii.  How AHP model applied to prioritize floor finishing material selection criteria

using expert input and real-world data?



1.5. Significance of the Study
The use of suitable construction materials is a critical element of construction work since it has

profound impacts on their quality, cost, sustainability, and overall performance. In Addis
Ababa, given the development of cities at a fast pace and increasing needs for efficient,
affordable, and sustainable construction procedures, it has become highly essential to utilize a
scientific and trustworthy material selection method. However, the lack of standardized criteria
and decision-making tools has a tendency to create poor material selection, which detracts from

the project outcome, the cost of construction, and the overall city environment.

The research seeks to fill this gap through the usage of multi-criteria decision-making (MCDM)
models for formulating a systematic method of flooring material selection for the construction
sector in Addis Ababa. Integrating fundamental criteria like initial and maintenance costs,
durability, sustainability, availability, and aesthetic compatibility, the research puts forward a
holistic rating model that is specific to the conditions and capacities of the city's construction

sector.

The outcome of this research will be of benefit to different stakeholders such as architects,
engineers, contractors, and policy planners. The study will provide an evidence-based, practical
decision-making tool that can make flooring material selection efficient, cost-effective, and
environmentally friendly in construction projects. By providing unambiguous, actionable
advice, this research will make material selections reflect technical requirements and

environmental considerations for the sustainable long-term viability of projects.

Moreover, the study adds to the growing body of literature in the field of using MCDM models
in the construction industry, i.e., selection of flooring material. The model established here will
act as a ground for future research in support of the usage of MCDM models in other cities or

building material categories.

Finally, the current study contributes to the overall agenda of sustainable urban development
in Addis Ababa by encouraging informed, evidence-based practice of decision-making in
construction. In paying particular attention to the local context, the current study presents a
valuable model for maximizing the choice of materials towards better building performance,

cost-effectiveness, and environmental sustainability.



1.6. Scope of the Study
This research involves assessing selection criteria for commercial and public building

construction finishing material in Addis Ababa, Ethiopia, through the Analytical Hierarchy
Process (AHP) Multi-Criteria Decision-Making (MCDM) model. The study seeks to determine
material selection key drivers and formulate a systematic decision procedure that will help

stakeholders properly give precedence to materials

The study targets commercial exceed G+10 floors and public buildings exceed G+6 floors,
.Residential houses, industrial facilities, and infrastructures like roads and bridges are not the
subject of this research. In flooring materials being compared, the study only compares those,
which are readily available and commonly used in Addis Ababa's commercial and public
structures. Special-purpose floor coverings, and polyurethane, bamboo, and cork floors, not

employed on a large scale in the subject buildings.

This research compares floor coverings against a set of selection criteria that cover economic,
technical, aesthetic, environmental, functional, and stakeholder preference factors. These are
initial cost, cost of maintenance, and cost of installation, durability, and resistance to external
factors, ease of installation, appearance, design compatibility, sustainability, recyclability,

comfort level, safety level, user preference, and availability from local sources.

Primary data for this study gathered using structured questionnaires from the major
stakeholders such as project managers, architects, engineers, and contractors who were
engaged in the construction of commercial and public buildings in Addis Ababa. Secondary
data gathered from local market construction reports, material specs, and past studies regarding
flooring material choice in the area. The Analytical Hierarchy Process (AHP) as the main tool
of systematic evaluation and ranking of flooring material according to the expert opinions and

the above choice criteria.

By defining the scope of study in such a manner, the study remains targeted towards those
factors affecting the choice of floor covering materials in the case of Addis Ababa public and
commercial buildings. This focus study ensures that the study offers to decision-makers in the

construction sector information that is useful to them but precise and concise in the analysis.



1.7. Study Variables
The research employed three types of variables: dependent variables, independent variables,

and control variables. All the variables have a definite role in the decision-making process and
are measured using definite indicators for the evaluation in a proper way using the Analytic

Hierarchy Process (AHP) model.

1.7.1. Dependent Variable
The best material for flooring is the dependent measure used in this study. It is the ultimate

result of a choice the material that been found to be best from a range of alternatives against a
set of many criteria. The alternatives are porcelain or ceramic tiles, vinyl, terrazzo, rubber,
engineered wood, natural stone, concrete, epoxy, or solid wood. The best performer is the one
that has the highest cumulative rank from stakeholder and expert judgment against all the

criteria.

1.7.2. Independent Variables
Independent variables are the comparison criteria applied to evaluate and compare the various

flooring materials. They grouped into six broad dimensions: economic, technical, aesthetic,
environmental, functional, and stakeholder preference. Each criterion has corresponding

quantifiable indicators to make them objective and dependable.

Under the dimension of economic factors, the parameters are the initial cost (in ETB per square
meter for the material cost), the maintenance cost (one-off annual cleaning and maintenance
cost per square meter), and installation cost (total accessory and labor cost per square meter).

These utilized to determine the affordability and long-term cost of each of the flooring types.

Technical factor consist of durability, the estimated life of the material in years; resistance to
external factors like moisture, scratching, and heavy loading, on a 1 to 5 scale; and ease of
installation, rated by expert judgment, on a 1 to 5 ease of difficulty scale. The aesthetic factor
include appearance, as per stakeholder rating in terms of color, texture, and style on a Likert
scale, and design compatibility, taking into consideration expert views on whether the flooring

is appropriate for the overall style and design of the building.

For the environmental factors, the parameters are sustainability, in percentage renewable or
recycled material content in the material; environmental impact, estimated in terms of the
carbon footprint of the material; and recyclability, as a simple Yes or No depending on whether
the material can be recycled or not. The functional factor also consist of user experience factors.
These are comfort, which scores thermal and acoustic performance based on the rating of the
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stakeholders, and safety, which analyzes slip resistance and fire rating and scores them

qualitatively.

Finally, stakeholder preference dimension has two standards. User preference based on
questionnaires that tally opinions of critical decision-makers like owners, contractors, and
architects. Local availability is an estimate of whether the material sourced in the Addis Ababa

market, rated using a Yes/No answer and a comment on how difficult it is to locate.

1.7.2. Control Variables
To make the findings reliable and true, the study has incorporated multiple control variables.

The study is restricted within Addis Ababa to keep local factors like climate, resource
availability, and construction techniques constant. The study addresses commercial and public
structures of G+10 stories and above, holding constant usage diversity of buildings, occupancy
density, and durability considerations. The experts' panel consists of contractors, architects,
and engineers selected to provide diverse professional opinions. Their answers checked for
AHP consistency ratio (CR < 0.1). Additionally, all data were collected in 2025 and economic
values calculated to the current market levels. All these steps guarantee findings validity,

context-specific, and methodologically sound



CHAPTER TWO

LITERATURE REVIEW

2.1. Introduction
Material selection is a foundation of the building process that significantly affects the usability,

sustainability, and performance of a building (Ashby M. , 2013). Because of the upward trend
towards green building practices, efficiency in energy and cost-saving, optimal material
selection has become a multi-faceted issue for the building industry. Materials choice decides
not only the cost of construction and time for the project but also the building's usage efficiency
and environmental impact (Ortiz, 2009). Describing flooring materials, the choice process
further made more difficult by reconciling technical performance, aesthetics, and
environmental sustainability. This paper approaches the frameworks, criteria, and decision-
making models employed in the selection of the flooring materials and identifies the Analytic

Hierarchy Process (AHP) as a means of addressing these complexities.

2.2. Importance of Flooring Material selection
Floor materials have a double function to play in construction, being both structural and

aesthetically important. Proper choice guarantees durability, safety, and aesthetic value, and
even contributes to the sustainability of the building as a whole (Cabeza, 2014). Conventional
selection procedures never consider sophisticated aspects like environmental impact, lifecycle
cost, and user needs, and hence the necessity to employ improved decision-making methods
such as Multi-Criteria Decision-Making models (MCDM) (Zavadskas, 2007)

Developing nations such as Ethiopia, where economic constraints and local market issues have
a central role in material selection, a systematic approach to selecting flooring is more
important. As an example, within Addis Ababa, the urbanization process and growing demand
for infrastructure have resulted in giving more priority to the implementation of sustainable
and affordable flooring materials that are sensitive to local condition and aesthetics (Tadesse
G. &., 2018; Behailu, 2022).

2.3. Criteria for Flooring Material selection
Flooring material selection is a multifaceted decision that governed by a set of criteria, usually

grouped into economic, technical, aesthetic, environmental, functional, and stakeholder
preference factors. Each of the criteria ranked in relative ranking in accordance with project

background, cost, building use, and stakeholder priorities. Various studies have highlighted the



fact that choosing good flooring materials entails compromising between cost, performance,
environment, and user preference ( (Ashby M. F., 2005); (Kibert, 2016)).

2.3.1. Economic Factors
Economic factors are a major consideration in flooring material specification since they will

have a direct impact on the overall project cost and long-term sustainability. Initial cost,
maintenance cost, and installation cost are the top economic considerations to be included in
flooring material specification. So Initial cost means the initial cost of buying the flooring
materials and is most often of particular importance, particularly in cost-conscious construction
environments like Addis Ababa. Under such conditions, the decision-makers will utilize
materials that find a balance between performance and affordability. For example, ceramic tiles
and vinyl flooring are generally more cost-effective compared to higher-priced alternatives like
natural stone or hardwood (Ashby M. F., 2005).

Maintenance cost refers to the repeated expenses of cleaning, refinishing, and fixing floor
surfaces throughout life. Maintenance costs can have the potential to affect the cost of
ownership. Materials like hardwood and marble have a tendency to require regular
maintenance, while materials like polished concrete have low maintenance demands (Kibert,
2016). Installation cost Installation cost refers to the materials and labor utilized during the
installation process. Instalment difficulty is different based on flooring types, influencing cost
and project duration. For instance, terrazzo flooring requires skilled labor and extended
installation time, which increases overall costs, while laminate flooring presents a more
economical and time-efficient option (Kibert, 2016). These economic considerations are of
utmost relevance in such a way that chosen materials for flooring must be compatible with
project budgets and long-term expenses In Addis Ababa, under tight budgets, developers
choose floor coverings that have both lowest initial expenses and long-term expenses and

possess durability and functionality.

2.3.2. Technical Factors
Technical performance of flooring materials at different levels makes them appropriate for

different applications. Key technical criteria in flooring material selection include durability,
resistance to external factors, and ease of installation. Durability is most important, especially
for areas with high traffic such as commercial buildings, where materials must withstand
continuous wear and tear. Hard materials such as granite and ceramic tile used for their long
lifespan and efficiency, but the softer types such as linoleum tend to degrade more quickly

under similar conditions (Kibert, 2016)).
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Resistance to external factors key consideration is resistance to external forces, with flooring
materials needing to withstand diverse environmental and use stresses such as moisture,
chemical exposure, and mechanical impact. For instance, water resistant materials such as vinyl
and epoxy commonly used in wet areas, while rubber flooring is favored in industrial settings
for its impact resistance (Zhao, 2007). Ease of installation also a major factor in material choice,
which has an effect on the duration and expense of a project. Materials such as engineered
wood and laminate flooring, on which floating installation is used, are quicker and less manual
labor to install than such conventional products as hardwood or terrazzo on which expert skills
and longer installation lengths are needed (Yates, 2001). These technical criteria ensure that

the selected flooring materials meet the functional demands of their intended environments.

2.3.3. Aesthetic Factors
Aesthetic considerations influence user perception and the overall ambiance of a building.

Aesthetic considerations play a significant role in shaping user perception and influencing the
overall ambiance of a building. These factors are mainly appearance and design compatibility.
Appearance deals with visual attributes of flooring materials, including color, texture, and
pattern, all of which used to provide aesthetic identity to an environment. In luxury commercial
buildings, marble and natural stone materials chosen to express beauty and style. Wood or
laminate flooring chosen for domestic designs to produce a cozier and welcoming environment
(Assefa, 2017).

Design compatibility is the selection of material flooring in a way that it matches the building's
architectural design and interior design tastes. In the Ethiopian scenario, cultural considerations
also take center stage in selection, where stone and natural wood employed in high-end
residential and public projects to evoke traditional design and values (Gebremariam, 2020).
These aesthetic factors are integral to creating visually harmonious and culturally resonant

interior environments.

2.3.4. Environmental Factors
Sustainability is an increasingly important issue in material choice with greater focus on

minimizing environmental impact. The most important environmental factors to consider when
choosing flooring materials are sustainability, recyclability, and overall environmental impact.
Sustainability is all about using renewable and ecofriendly materials that play a part in
maximizing long-term environmental objectives. Flooring products made from reclaimed
wood and recycled material are examples reducing Raw material demand rate and providing
sustainable building solutions (Kibert, 2016)).
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Recyclability refers to the potential of flooring materials to recycle or re-use after the life cycle
has expired, reducing construction and demolition waste. Some carpet tiles and vinyl floor
coverings specifically manufactured for recyclability, thus offering environmentally friendly
options (Zhao, 2007). Environmental impact refers to the overall environmental footprint of
flooring materials during production, transportation, and disposal emissions. Locally sourced
material usage is one way of lowering transport emissions while at the same time stimulating
the local economy (Kibert, 2016). Collectively, these criteria help ensure that flooring choices

align with sustainable building objectives and environmental stewardship.

2.3.5. Functional Factors
Flooring material should meet high-performance requirements to provide comfort, safety, and

overall functionality within a constructed environment. Comfort largely influenced by the

thermal and acoustic properties of the flooring, which contribute to occupant wellbeing. The
materials include carpeting and cork which are both great sound absorbers and have excellent
thermal insulation capabilities and are thus ideal for use in spaces where noise attenuation and
warmth are required. Conversely, harder surfaces such as concrete and tile might need more

underlayment to make it a softer surface (Yates, 2001).

Safety is another critical consideration, particularly in public and commercial buildings where
high foot traffic increases the risk of accidents. Essential safety features include slip resistance,
fire resistance, and impact resistance. Flooring materials with textured surfaces such as slip
resistant vinyl or rubber are especially effective in enhancing safety in areas that frequently
exposed to moisture or spills (Yates, 2001). Addressing these functional criteria ensures that

the flooring contributes to a safe, comfortable, and user-friendly environment.

2.3.6. Stakeholder Preferences
Flooring material selection further influenced by building owners', designers', and end-users'

preferences. Two key factors influencing flooring material selection are user preferences and
local availability. User preferences the ultimate selection often follows user requirements, with
personal lifestyle demands, cultural considerations, and beauty preferences influencing the
decision. Subjective requirements force the stakeholders to make their choices according to
individual or project-related values. Local availability is also of critical importance as the cost
and location of supplies in the Addis Ababa market will be a key factor in determining selection
choices. Imported goods are potentially of superior quality or diverse specifications but are
generally more costly and present procurement issues and logistic complexities (Assefa, 2017).
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These factors highlight the importance of balancing personal or cultural preferences with

practical market conditions in the selection process.

The selection of flooring materials requires balancing economic, technical, aesthetic,
environmental, functional, and stakeholder considerations. In Addis Ababa, affordability and
local market availability play a decisive role, with decision-makers seeking cost-effective yet
durable materials. As sustainability becomes a growing priority in the construction industry,

the demand for environmentally friendly flooring materials expected to increase.
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Figure 2.1. Criteria Hierarchy

2.4. Flooring Material Alternatives

Flooring material selection is an essential aspect of building design with numerous parameters
affecting the choice, including durability, cost, maintenance needs, environmental factors, and
appearance. Each flooring material has both merits and demerits, thus one needs to compare

them against each other based on their functional and economic traits. This chapter discusses
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the most prevalent flooring materials in commercial and public premises, their major

characteristics, and the consequences for choice (Ashby M. , 2013).

2.4.1. Porcelain and Ceramic Tiles
Porcelain and ceramic tiles are among the most popular flooring options because they are hard,

resistant to water, and require minimal maintenance. The properties render them ideal for wet
areas like bathrooms and kitchens (Pacheco-Torgal, 2012). Porcelain tiles, as opposed to
regular ceramic tiles, have a reduced water absorption property and are highly resistant to
stains, abrasion, and hence longer lasting. However, they are hard and cold to the touch when
walked upon, depriving home and business comfort (Chen, 2012). Additionally, their
production process involves high-energy consumption, raising concerns about environmental

sustainability.

2.4.2. Natural Stone Flooring (Marble and Granite)
Natural stone floors such as marble and granite are highly prized for their beauty and durability.

The products have extensive applications in upscale commercial and public premises because
of the high-quality appearance that they deliver and contribute to adding value to the property
(Zhang, 2015). Although they are highly beneficial, natural stone floors also come with
exorbitant installation and maintenance costs because they have sealed periodically to avoid
the entry of water and stains. In addition, stone processing and quarrying are major contributors
to the carbon footprint and environmental degradation (Ahmad, 2018). As a result, the

sustainability of natural stone flooring has been a subject of debate in the construction industry.

2.4. 3. Concrete-Based Flooring (Polished, Colored, Micro cement)
Concrete flooring also extensively used in public and commercial buildings because of its

flexibility, durability, and minimal maintenance needs. Concrete flooring can stained, colored,
or polished to produce different finishes, hence being a viable option for different applications
(Ahmad, 2018) Concrete flooring is also very durable and cost-effective throughout its life
cycle. Despite all its advantages, one of the greatest drawbacks of concrete floors is its impact
on the environment since cement production is among the largest producers of greenhouse
gases worldwide (Assefa, 2017). In a bid to reduce these problems, scientists and producers
are designing more sustainable concrete, including micro cement and green concrete blends, to

mitigate the negative environmental effects.

2.4. 4. Wood Flooring (Hardwood)
Hardwood flooring is also famous for its natural charm, attractiveness, and strength. It also

offers great insulation qualities, leading to indoor comfort in the home as well as commercial
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environments (Chen, 2012) Wood flooring can also damage by water, and regular care is
necessary to avoid warping and scratching. Additionally, concerns about deforestation and the
environmental impact of hardwood production have led to increased demand for certified
sustainable wood products, such as those accredited by the Forest Stewardship Council (FSC)
(Assefa, 2017).

2.4.5. Engineered Wood Flooring (Laminate & Wood-Plastic Composite - WPC)
Engineered wood flooring, such as laminate and wood-plastic composite (WPC), is now very

commonly used as a substitute for solid hardwood. Engineered to resemble natural wood but
offering greater resistance to moisture and longevity (Zhang et al., 2015). Engineered wood
flooring is cheaper than traditional hardwood and simpler to install. However, it has a shorter
lifespan and there are some of them containing synthetic chemicals and adhesives that are
environment-friendly issues (Ahmad, 2018). Despite all these limitations, sustainable materials
and adhesives-related technologies are enhancing the environmental qualities of engineered

wood flooring.

2.4.6. Vinyl Flooring (Luxury Vinyl Tiles - LVT & Vinyl Composite Tiles - VCT)
Vinyl flooring, comprising Luxury Vinyl Tiles (LVT) and Vinyl Composite Tiles (VCT), is

also very common because it is not very costly, it is easy to install, and it can be water-resistant.
They are also very flexible in pattern and very commonly used in public areas like offices,
malls, and hospitals (Cabeza, 2014). Nevertheless, vinyl flooring has traditionally been faulted
as an environmentally unfriendly product since it is mostly made of polyvinyl chloride (PVC),
which is not easily recyclable and volatile organic compounds VOCs to the indoor air (Zhao,
2007). The production of more environmentally friendly vinyl flooring such as phthalate-free

and recyclable vinyl flooring has been ongoing in the market.

2.4.7. Rubber Flooring (Including Recycled Rubber)
Rubber flooring appreciated because of its slip resistance, impact resistance, and durability,

which makes it most suited in high use facilities like hospitals, gyms, and schools (Cabeza,
2014). Recycling of rubber flooring materials is part of sustainability attempts in the way that
waste from used tires and other rubber materials is used. However, some of the rubber floor
coverings have an odor as they contain volatile organic compounds. It may influence indoor
air quality. Design restrictions and aesthetic limitations also lower its demand in some

architectural uses.
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2.4.8. Terrazzo Flooring
Terrazzo is a hybrid material made up of marble, quartz, granite, or glass chips in an inert

cement or resin matrix. Terrazzo is extremely durable, long lasting, and low maintenance and
favored by commercial structures, schools, and airports (Zhao, 2007). While its initial
installation price is quite expensive, terrazzo flooring is an affordable flooring option in the
long term because it is very durable and requires little maintenance. Moreover, the new
compositions of terrazzo use recycled materials, making the sustainability of this flooring type

even better.

2.4.9. Epoxy Flooring
Epoxy flooring is a seamless-looking resinous floor system that is resistant to chemicals and is

strong. It has extensively employed in industrial, commercial, and heavy-duty areas because it
is strong and can withstand spills (Cabeza, 2014). Epoxy coatings are stretchy and can tailored
with pigments and decorative aggregates for aesthetic beauty. Yet, certain epoxy systems emit
VOCs during curing, posing indoor air quality and environmental issues. Emerging
technologies for low-VOC epoxy systems attempt to mitigate such issues without

compromising on the material's durability and performance.

2.5. Multi-Criteria Decision-Making Models
Construction project decision-making normally entails numerous conflicting criteria, which

addressed using systematic methodologies to guarantee objectivity, transparency, and
consistency. Multi-Criteria Decision-Making (MCDM) models have been used in the
construction sector to enable systematic decision-making through the incorporation of
qualitative as well as quantitative considerations These models enable decision-makers to rank
and rank alternatives based on several criteria for selection to guarantee rational decision-

making in real-world situations (Vaidya, 2006).

2.5.1. Overview of MCDM Methods in Construction
Various MCDM methods introduced and implemented in construction decision-making. The

methods guide stakeholders with regard to choosing best options by viewing numerous factors

logically. Some of the most popularly applied MCDM models in the construction sector are:

1. Analytic Hierarchy Process (AHP) a structured approach that breaks down decision-
making into a hierarchy of alternatives and criteria, based on pairwise comparisons to
determine relative weights and rank alternatives (Saaty T. L., Decision making with the
analytic hierarchy process, 2008).
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2. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) A ranking
technique that chooses the optimal alternative as a function of proximity to the ideal
solution with the largest distance from the worst solution (Wang, 2007).

3. Fuzzy Logic-Based Models These models incorporate linguistic variables and fuzzy
numbers to handle uncertainty in decision-making, making them particularly useful
when criteria involve subjective judgments (Wang, 2007).

4. Elimination and Choice Expressing Reality (ELECTRE) An outranking technique that
ranks alternatives in line with given performance limits, removing undesirable
alternatives from consideration (Cheng, 2002).

5. Simple Multi-Attribute Rating Technique (SMART) a decision-making approach that
assigns numerical values to criteria and alternatives, simplifying the ranking process

based on expert evaluations (Vaidya, 2006).

Each of these techniques offers a systematic approach to complex construction-related
decision-making. The suitable MCDM model chosen based on considerations like data
availability, participation of the decision-maker, and the level of complexity in the evaluation

process.

2.5.2. Role of MCDM in Construction Decision-Making
MCDM models have been widely applied in construction decision-making as a consequence

of their capacity to analyze alternatives in a systematic manner with respect to trade-offs in
between conflicting factors (Vaidya, 2006). Economic, technical, environmental, aesthetic,
and functional issue decision-making models are in demand in the construction industry
because these concerns are ingrained in material selection, supplier assessment, project

planning priorities, and the evaluation of risk.

In material selection, MCDM models allow decision-makers to reconcile cost-effectiveness
and technical performance with sustainability and stakeholders' requirements. Such approaches
offer a structured process of evaluation to minimize subjectivity and ensure the chosen
materials meet project requirements. Use of MCDM strengthens transparency and consistency,

especially in massive construction projects with a high number of stakeholders (Cheng, 2002).

Additionally, MCDM methods improve efficacy by providing a formal ranking of alternatives,
which makes material selection decisions easier to explain using quantifiable criteria. As the
complexity of construction operations increases and sustainability issues arise, using MCDM

in ensuring data-driven and rational decision-making will become more critical (Cheng, 2002).
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2.5.3. MCDM in Flooring Material Selection
Flooring material choice is a multi-criteria decision-making problem involving assessment of

alternatives against a list of interrelated criteria covering cost, sustainability, environmental
impact, appearance, and functionality. Due to the inherent complexities in flooring material
choice, MCDM models play an important role in ranking materials that satisfy project-based
needs in terms of constraints related to budget, availability in the area, and acceptability by
stakeholders (Zavadskas, 2007).

In making the choice of flooring material, Multi-Criteria Decision-Making (MCDM) models
are critical in ranking alternatives according to various dimensions encompassing objective and
subjective criteria. Among these are economic criteria such as initial cost, installation cost, and
maintenance cost, which have immediate impacts on the economic viability of material

alternatives. Technical factors are also essential, encompassing aspects like durability,
resistance to external conditions (e.g., moisture or wear), and ease of installation.

Environmental factors take into account the sustainability, recyclability, and life cycle
environmental impact of the material. In addition, aesthetic factors including the material’s
appearance, texture, and compatibility with the overall design are crucial, particularly in
projects emphasizing visual appeal. Functional factors address functional performance aspects
like underfoot comfort, safety (e.g., slip-resistance), and acoustics performance. Finally,
preference related factors include the availability of materials in the local market and the
preferences of key stakeholders such as architects, contractors, and end-users. Together, these
dimensions provide a comprehensive framework for informed decision-making in flooring

material selection (Wu, 2011).

Decision-makers are able to compare floor materials in a structured manner and select the most
appropriate option for a given building project by means of MCDM-based decision-making
systems. Structuring MCDM avoids partiality and inconsistency in material selection choices

(Saaty T. L., Decision making with the analytic hierarchy process, 2008).

MCDM models yield a logical decision-making method for obtaining complex selection
solutions in construction, such as flooring material selection. MCDM models combine
quantitative and qualitative elements, with attendant transparency, objectivity, and
effectiveness of material selection process. MCDM's systematic evaluation method improves
decision reliability, and it is a useful decision support tool for the selection of flooring materials

by stakeholders according to project objectives (Vaidya, 2006).
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2.6. Application of AHP in Flooring Material selection
The Analytic Hierarchy Process is a well-established Multi-Criteria Decision-Making process

throughout the globe that supports systematic decision-making by breaking down the issues of
a higher complexity into a hierarchy of a goal, criterion, and alternative (Saaty T. L., Decision
making with the analytic hierarchy process, 2008). The method supports decision-makers in
performing pairwise comparisons between decision elements to determine relative importance
weights, optionally with the help of the facility to test the consistency ratios for rational and
consistent decision-making. AHP used extensively in construction to select suppliers, prioritize
projects, assess risks, and choose materials ( (Cheng, 2002); (Vaidya, 2006)).

Material selection is a very important area in construction that affects the overall performance,
sustainability, and cost of a project. Numerous studies have shown how AHP used to perform
systematic and rational material selection activities. For instance, (Shen, 2017). Employed
AHP to select sustainable building materials by incorporating environmental, economic, and
social sustainability criteria. Their study highlighted the potential of AHP in guiding decision-
makers toward environmentally friendly and cost-effective choices. Similarly, applied AHP in
evaluating green materials in construction projects, reinforcing its role in promoting sustainable

practices and optimizing resource utilization.

The choice of floor material is highly complicated by the large number of floor material types
and the variety of factors that affect decision-making. AHP offers a well-structured and defined
approach of assessing floor material options through consideration of critical factors like initial
cost, maintenance cost, installation cost, durability, resistance to external factors, ease of
installation, aesthetic appeal, environmental impact, safety, recyclability, and user preference
(Khoshnava, 2018). The relative significance of these factors depends on the usage and
placement of the building. For example, for residential constructions, comfort and beauty are
more important, while durability, maintenance, and safety are more important for industrial

and commercial constructions (Hussain, 2020) .

A number of studies have explored the use of AHP in the procurement of floor material. (Jato-
Espino, 2014) Conducted a comparative analysis of traditional and modern pavement materials
using AHP, considering factors such as life cycle cost, sustainability, and performance. The
research underscored the significance of logical decision-making in search of the optimum
material selection, (Sharig, 2021)utilized AHP Applied AHP to compare health care building

floor materials, where sanitation, slip resistance, simplicity of maintenance, and durability were
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of utmost concern. These findings reveal the versatility of AHP in accepting various selection

criteria in various building types and functional needs.

In the Addis Ababa climate, choice of flooring material in relation to particular climatic,
economic, and cultural conditions. . AHP can be applied here since it will enable decision-
makers to rank flooring options in a systematic way and considering local factors such as
temperature variations, water resistance, cost, and raw material availability (Tadesse G. &.,
2017). The increasing emphasis on sustainable construction in Ethiopia further underscores the
need for an approach that integrates environmental impact assessments into the material
selection process (Gebreegziabher, 2019). With the application of AHP, Addis Ababa building
professionals such as architects, engineers, and developers are able systematically examine
different flooring material choices and pick the most suitable based on a comprehensive
evaluation of performance, cost-effectiveness, and sustainability. With the growing
construction sector in Addis Ababa, application of AHP in the choice of floor materials is a
potential to improve decision-making effectiveness, maximize use of available resources, and

enable environmentally friendly practice of construction.

2.7. Challenges in Flooring Material selection in Addis Ababa
The Addis Ababa construction market has numerous challenges that complicate the

determination of the appropriate material for flooring. The most important one is the
uncertainty of material prices, which makes it challenging to estimate and budget for
developers and contractors. Prices that are subject to inflation, exchange rates, and supply chain

disruptions, particularly since most quality materials are imported (Tesfamariam, 2013).

Another significant challenge is the unavailability of quality and sustainable materials.
Although Ethiopia gifted with extensive natural resources including stone and concrete,
processing and producing flooring materials hindered by inefficient production processes,
untimely quality control, and supply chain issues (Araya, 2021) Locally available materials
may thus be of inferior quality for industrial application, and there greater reliance on imported
alternatives that is costly and environmentally taxing. Suboptimal material options for flooring
occur due to insufficient technical knowledge among decision-makers. Most building
professionals, such as architects, engineers, and construction managers, may lack easy access
to current information regard to material behavior, lifecycle analysis, or long-term performance

testing. Lack of computer-based decision-support tools and standardized selection frameworks
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results in material choices for flooring made according to project-specific constraints or

experience versus complete, data-driven evaluation (Ashby M. F., 2005).

In addition, the absence of local research and scientific selection processes has been to blame
for the use of subjective selection procedures. The majority of studies present evidence that
Ethiopian construction projects do not put a lot of effort into long-term factors such as climatic
suitability, lifecycle performance, and sustainability during material selection (Araya, 2021).
This is mostly true in the case of Addis Ababa, where temperature, moisture content, and urban
growth come into consideration during material selection for suitable flooring. Without the
ordered approaches like the Analytic Hierarchy Process or other multi-criteria decision

theories, material selection is random and subject to inefficiency (Cabeza, 2014).

Furthermore, sustainability concerns are increasingly shaping global construction trends, yet
Ethiopia has been slow to implement policies that mandate the use of environmentally friendly
and recyclable materials (UN-Habitat., 2020). Many flooring materials commonly used in
Addis Ababa, such as vinyl and epoxy, have significant environmental footprints due to their
production processes and disposal challenges. Without stricter regulations and incentives for
sustainable building practices, decision-makers may continue to prioritize short-term cost

savings over long-term environmental benefits.

In conclusion, addressing all these issues need multi-dimensional interventions entailing policy
reforms, institution building, increased research, and strict application of decision-making
methods such as AHP. By taking into account economic, environmental, as well as technical
aspects, the construction industry in Addis Ababa can move towards sustainable and efficient

flooring material selection compliant with local as well as international industry standards.

2.8. Research Gaps and Future Directions
In spite of extensive utilization of the AHP and other MCDM in materials selection across the

world, there is an extraordinary research gap in material selection of flooring material in the
particular case of Addis Ababa. The majority of construction material selection research can
be either lack spatial specificity or neglect specific issues of the building construction industry

of Ethiopia such as local climatic conditions, culture, and economic limitations (Tafesse, 2021).

One of the most evident gaps identified in the literature is that no localized decision-making
models exist which take into account the wide social, environmental, and economic parameters

of Addis Ababa. To fill this gap, future research must aim to develop localized decision-making
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models, which take into account the uniqueness of the Ethiopian building environment. The
models would make sure that material selection processes take the local climatic conditions,
cultural directions, and economic considerations into account. By considering these aspects,
decision-making models can more effectively assist stakeholders in Addis Ababa make
material selections that achieve the best balance between cost-effectiveness, performance, and

sustainability.

In addition to this, integration of Building Information Modeling (BIM) with Multi-Criteria
Decision Making (MCDM) models such as AHP is another potential field for future studies.
BIM is a digital model that encompasses the physical and functional attributes of the building,
and if combined with MCDM models, it can make real-time material selection. Such
integration would permit construction professionals to modify material choices in response to
changing project needs, e.g., budget limitations, project schedule, or shifting material
availabilities. Such a dynamic and adaptive process could enhance overall effectiveness in
material selection, with the assurance of decision-making under changing conditions during

the project lifecycle (Jalaei, 2015).

In conclusion, there is a clear need for research that adapts multi-criteria decision-making
models, such as AHP, to the specific needs of the Ethiopian construction industry. By
considering technological advancements such as BIM, future studies can provide more
efficient, flexible, and data-driven solutions for material selection. These approaches will not
only enhance the quality of construction in Addis Ababa but also contribute to the global

conversation on sustainable and context-sensitive building practices.
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Identified
Research Gap

Description

Status in This
Study

Justification

to global research on
sustainable, context-
sensitive practices

needed to support
global best practices

Lack of localized Existing studies Addressed This study focuses on
research on flooring | often lack focus on flooring material
material selection in | specific regions, selection specifically
Addis Ababa especially Addis within the context of
Ababa Addis Ababa, using data
collected from local
stakeholders.
Limited Most decision- Addressed The research includes
consideration of making models do control variables such as
local climatic, not reflect Ethiopia’s climate, budget, and
economic, and unique construction cultural preferences
cultural conditions environment specific to Addis Ababa.
Absence of decision- | General models are | Addressed The AHP model in this
making frameworks | not customized to study developed using
tailored to the local needs local expert input and
Ethiopian reflects the realities of
construction industry the Ethiopian
construction context.
Lack of MCDM Few studies apply Addressed This study applies a
frameworks structured models structured AHP-based
developed for Addis | like AHP for local framework for selecting
Ababa flooring flooring decisions flooring materials
material selection relevant to Addis Ababa.
Lack of integration | There is limited Not Addressed The current research
between BIM and research combining does not incorporate
MCDM models like | BIM with AHP for BIM. Future studies can
AHP material selection explore integrating BIM
with AHP to support
dynamic and real-time
decisions.
Lack of adaptive, Models should allow | Partially While the AHP model
data-driven models | flexibility based on | Addressed uses structured data and
that respond to project updates like reflects stakeholder
changes during cost or availability input, it does not
project execution dynamically adjust
during project execution.
Limited contribution | Local research is Addressed This study provides

context-sensitive
insights and promotes
sustainable decision-
making, adding value to
international research
efforts.

Table 2.1. Identified Research Gaps from literature and Coverage in This Study
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Identified Research Gap Source from Literature Review

Lack of localized research on Section 2.8 of the literature review clearly states this gap.
flooring material selection in Quote: “There is a notable gap in research focusing on
Addis Ababa flooring material selection in the specific context of

Addis Ababa.” Supported by: (Tafesse, 2021; Tadesse,
2018 ; Araya, 2018)

Limited consideration of local Section 2.8 and 2.7 mention tat many material selection

climatic, economic, and cultural | studies ignore local climatic and cultural factors.

conditions Supported by: (Araya, 2018; Tesfamariam, 2013)

, discussing Ethiopian context constraints
Absence of decision-making Section 2.8 again notes the lack of localized frameworks.
frameworks tailored to the Also discussed in 2.6 where you mention that existing

Ethiopian construction industry models (AHP) rarely applied in Addis Ababa. Studies
cited: (Gebreegziabher, 2019; Tadesse , 2018)

Lack of MCDM frameworks Section 2.6 specifically discusses AHP as a powerful
developed for Addis Ababa MCDM tool, but notes limited local application. Quote:
flooring material selection “in Addis Ababa, the selection of appropriate flooring

materials influenced by unique climatic, economic, and

cultural factors.”

Lack of integration between BIM | Explicitly mentioned in Section 2.8: “The integration of
and MCDM models like AHP Building Information Modeling (BIM) with MCDM
models like AHP represents another promising direction
for future research.” Cited: (Jalaei, 2015)

Limited contribution to global Mentioned in Section 2.8 and 2.7, which call for Addis
research on sustainable, context- | Ababa-based research to contribute to international
sensitive practices sustainable construction practices. Supported by:
(Gebreegziabher, 2019; UN-Habitat. , 2020),

Table 2.2.Source of research gap from Literature review
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CHAPTER THREE

METHODOLOGY

3.1. Introduction
This chapter describes the methodology utilized to assess the selection criteria of flooring

finishing materials in public and commercial buildings in Addis Ababa through the Analytical
Hierarchy Process (AHP), a Multi-Criteria Decision-Making (MCDM) model. The research
applies a Quantitative approach, in order to have a deep understanding of the complex decision-
making process. Information gathered through questionnaires for assessing and ranking
flooring materials on technical, economic, aesthetic, environmental, functional, and
stakeholder considerations. AHP chosen because of its strict capability to consider multiple

conflicting factors and its ability to transform qualitative judgments into quantitative weights

3.2. Research study area
The research is centered on Addis Ababa, in the city of Ethiopia, which is currently

experiencing rapid urbanization and large-scale construction development, especially
commercial and public Building. The increasing need for good quality, durable, and sustainable
building materials makes Addis Ababa a suitable place to research flooring material selection
processes. The site characterized by some challenges and opportunities that influence material
selection, such as climatic conditions in the country, economic status, and material availability

in the local market.

The study focuses particularly on commercial building above G+10 floors and public buildings
above G+6 floors. These types of buildings demand sophisticated decision-making due to their
functional requirements, long-term performance requirements, and higher concerns of safety
and aesthetic requirements. Focusing on these types of buildings, the study gives an integrated

perspective of flooring material selection in mega-sized urban development.

3.3. Research Design and Approach

3.3.1. Research Design
This research employs a descriptive and analytical research design to guide the development

of a decision-support system for flooring finishing material selection in Addis Ababa utilizing
the Analytical Hierarchy Process (AHP). The design can accommodate both describing current
material selection practice and systematic evaluation of various criteria affecting such
decisions. The descriptive component entails determining the way flooring materials selected

in actual construction projects, finding prevailing practices, tastes, and decision-makers. The
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analytical part makes use of a formal decision-making model (AHP) to rank criteria and
alternatives based on expert input and numerical comparisons. This design ensures the research
not only declares the existing state at present but also gives a methodical solution towards a

betterment decision-making in practice.

3.3.2. Research Approach
The research utilizes a quantitative research methodology, which is appropriate given the

formal, numerical nature of the AHP model. AHP uses pairwise comparisons derived from
Saaty's base scale to compute weights and priorities among decision factors. Through the
collection of numerical data using formalized questionnaires and statistical analysis, the
research converts the expert view to objective and actionable knowledge. The implication is
that the resulting framework remains data-driven, transparent, and reproducible essential

requirements for construction industry decision-support tools.

3.4. Population and Sampling

3.4.1. Population
The population for the study is 98 high-rise buildings (78 Building above G+10 floors for

commercial building and 20 Building above G+6 floors for Public Building) in Addis Ababa,
Ethiopia. The selection of buildings for this study guided by specific inclusion criteria to ensure
the relevance, validity, and applicability of the research findings. First, building height was a
key criterion: only commercial buildings with more than G+10 floors and public buildings with
more than G+6 floors were included. This threshold was set to focus on large-scale construction
projects, where flooring material choices are typically more economically significant and have

a substantial impact on the overall project outcome.

Second, the function type of buildings considered. Both commercial and public buildings
purposively selected to enable a meaningful comparison across different functional categories
and to enhance the generalizability of the study results to similar construction contexts in Addis
Ababa. Lastly, the stage of the project taken into account. Only those buildings that had reached
or passed the flooring installation phase selected. This criterion ensured that real and deliberate
material choices had already made, allowing for a practical assessment of flooring selection

decisions within actual construction projects.

Among the commercial and public buildings involved are those, which have flooring material

selection or are in the process of selecting flooring material. Also included in the study
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population are significant construction experts who engage in the selection process, including

architects, project managers, contractors, and owners of the buildings.

These buildings chosen due to their complex design and performance demands, which make
flooring decisions particularly significant in terms of cost, durability, aesthetics, and
sustainability. The high diversity of materials types and choice-making activities included in

these buildings increase the richness and diversity of the database.

3.4.2. Sampling Technique
Purposive sampling method applied to ensure selection of a representative sample of buildings

and stakeholders that most accurately capture the purpose and context of the study. This
sampling method selected to ensure assurance of participants with the most relevant experience
and involvement in selecting flooring material process. Building selection based on two main
criteria. Firstly, only buildings that have reached or surpassed the flooring installation stage
considered, to ensure that actual material choice decisions made and can meaningfully
evaluated. Second, each chosen building must have had a minimum of three professionals who
directly engaged in the flooring material selection process. This standard recognized that
flooring selection in the case of large projects is a complex and multi-dimensional decision,
not limited to personal choice. In order for the data to be valid and reliable, each of the
participating professional was also required to have at least three years of experience in the

industry of construction, specifically with respect to materials selection.

In relation to stakeholders, the respondents selected on two most significant bases: their direct
involvement in the decision-making process of flooring materials and at least three years of
experience in flooring decision process in the construction sector of Addis Ababa. On
combining these bases, 54 stakeholders selected to participate in the questionnaire survey,
among whom three qualified respondents from each of the 18 buildings was part of the
research. This method ensured that the data gathered would represent informed, realistic, and

scientifically grounded decision-making practices.

3.4.3. Sample Size and Composition
For this study, eighteen buildings purposively selected from a population of ninety-eight high-

rise buildings in Addis Ababa, comprising fourteen commercial buildings and four public
buildings. This sample size was determined to strike a balance between depth of analysis and
feasibility within the constraints of time and resources. The purposive sampling approach used

to make sure that the chosen participants and buildings had certain, predetermined criteria
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relevant to research objectives, as detailed under the sampling method. The selection made
specifically to ensure proportionate representation of the public and commercial structures,
focusing on information-dense cases that provide depth, insight, and contextual relevance.
While probabilistic sampling aims towards statistical representativeness, this research focused
on purposive sampling to gain a better understanding of the complex decision-making
processes used in flooring material choice. Targeting trained professionals in carefully chosen
projects, the research could explore the multi-criteria decision-making dynamics in a manner
that captures pragmatic realities and highly informed professional decisions, and not merely on

randomness or statistical representativeness alone.

Type Population No. of sample Building Description

Commercial 78 14 Includes offices, hotels, shopping
Building centers (above G+10 floors)

Public 20 4 Includes government offices,
Building schools, hospitals (above G+6)
TOTAL 98 18

Table3.1 sample composition by building type

3.4.4. Sampling Procedure
The procedure involves the following steps:

1. Identification of fourteen eligible buildings from Addis Ababa City Administration
Construction Permit and Control Authority for commercial building and four eligible
buildings from Ethiopia Construction Authority for Public Building.

2. Contact the respondent

3. Distribution of structured AHP surveys to participants via Kobo Toolbox or email.

3.5. Variables and Operational Definitions
The research covers three categories of variables: independent, dependent, and control

variables. All the variables defined based on the role performed within the decision-making
process and assigned with appropriate indicators to be measured and analyzed through the AHP

model.
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3.5.1. Dependent Variable
The dependent variable in the present study is the optimal finishing material, determined

through a systematic evaluation of multiple criteria. AHP provides weighted values for each
factor and finally generates composite values for each flooring option. The top-ranked option
in the resultant AHP aggregation operationally defined as optimal and employed as the
dependent variable of this study. This approach ensures a rigorous, quantifiable, and
transparent methodology for material selection, minimizing subjective bias and enhancing

decision reliability.

3.5.2. Independent Variables
The independent variables in this research are the choice criteria and comparison criteria for

judging various flooring finishing materials. The criteria systematically grouped into six
primary dimensions, each standing for one of the most important elements that determine the
best flooring. In order to remain objective and measurable, each criterion researched through
appointed measurable indicators. The six dimensions and their respective operationalized

criteria are as follows:

Dimension Criteria Indicator/Measurement
Initial Cost ETB per square meter (material cost)
Economic Maintenance Cost  ETB per m2 annually (maintenance, cleaning)
Factors Installation Cost ETB per square meter (labor + accessories)
Durability Expected lifespan (years)
Technical Resistance to Moisture, scratch, and load resistance (qualitative
External Factors ~ Scale 1-5)
Factors
Ease of Installation Expert judgment (ranked 1-5 based on difficulty)
Aesthetic Appearance Stakeholder rating on color, texture, style (Likert
Factors scale)
Design Expert opinion on harmony with building design
Compatibility
Sustainability % renewable or recycled content
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Environmental Environmental Estimated carbon footprint

Impact
Factors

Recyclability Yes/No
Functional Comfort Thermal/acoustic performance (Likert rating)
Factors Safety Slip resistance and fire rating (qualitative scale)
Stakeholder User Preference Survey rating of user choice
Preference Local Availability  Market presence/accessibility (Yes/No+ difficulty

level)
Table 3.2 Operationalization of Independent Variables

3.5.3. Control Variables
To maintain consistency and improve the validity of the findings, this study applied specific

control variables. Firstly, the geographical scope was limited to Addis Ababa, Ethiopia, to
reflect the local construction context, including market availability, climate conditions, and
regulatory factors influencing flooring material choices. Secondly, only commercial and public
buildings considered, excluding residential and industrial projects. This control ensures the
research addresses material selection priorities relevant to high-traffic and functionally
demanding environments. Third, the study focused on high-rise buildings with a minimum
height of G+10 for commercial building and height of G+6 for public building, where flooring
decisions are more likely influenced by structural, durability, and maintenance considerations

typical of vertical developments.

Finally, the selection of respondents was restricted to key decision-makers such as architects,
contractors, building owners, and material suppliers. Controlling for professional background

ensured responses came from individuals directly involved in flooring material decisions.
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Conceptual Framework for
Flooring Finishing Materials Selection
Criteria in Addis Ababa Building Projects
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Figure 3.1. Conceptual framework

3.6. Data Collection Methods and Tools

3.6.1. Data Collection Methods
The research used a quantitative research approach in which data gathered through structured

questionnaire whose aim was to evaluate the selection criteria for flooring finishing materials
in Addis Ababa's high-rise public and commercial buildings. The questionnaire gathered based
on the Analytical Hierarchy Process (AHP), which is a multi-criteria decision-making process
that offers a chance for ranking alternatives through pairwise comparisons. The logical

planning of the questionnaire enabled logical gathering of similar and consistent data from all
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the respondents, hence enabling quantitative analysis of stakeholder priorities and flooring

material preferences.

The structured questionnaire acted as the only data collection tool and retrieved from Kobo
Toolbox, an electronic platform highly appropriate for use in structured surveys. The
questionnaire asked the respondents to give pairwise comparisons between nine flooring
material alternatives under fifteen evaluation criteria using Saaty's basic scale (1, 3,5, 7, 9, and
their reciprocals). Although some of the respondents answered independently, others were
engaged in an interviewer-conducted process. Wherever possible, the research team read out
the questionnaire in a standardized and unbiased tone, and the answers entered directly into
Kobo Toolbox. This helped ensure all responses quantitative design as well as to overcoming

different levels of technology access and literacy.

Respondents selected based on purposive sampling, where the purpose was to pick
professionals directly engaged in material selection decisions in construction in buildings. They
were architects, engineers, and contractors with practical experience and expertise regarding
high-rise commercial and public buildings in Addis Ababa. Architects gave design and
aesthetic decisions, engineers provided technical advice regarding material performance, and
contractors provided practical decision-making regarding cost, installation, and market
availability. Their varying experience of working guaranteed a broad acquaintance with the

determinants for selecting flooring materials.

With the objective to strengthen the validity and reliability of the data collection tool, pilot
testing done among a small group of industry experts who were outside the main study. The
pilot process feedback employed to recast and redefine some items to strengthen clarity,
consistency, and respondent understanding. Apart from pilot testing, the academically peer-
reviewed questionnaire that was also tried and evaluated by experienced practitioners to
determine its content validity, appropriateness, congruence with the study aim, and sound
methodology. This validation process helped ensure that the tool effectively captured accurate

and meaningful data for analysis.

Aside from primary data, the research employed secondary sources of data as well to support
and triangulate results. Secondary data collected from available literature, project reports, and
case studies of flooring material use and specification in the context of commercial and public
buildings. Relevant sources comprised academic journal articles, construction specifications,

government reports, and industry standards, especially those that are representative of the
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Ethiopian construction context. These reports previously used to determine dominant trends
and validate criteria employed in practice, and to inform the construction of the main data
collection instruments. Secondary data were also giving contextual insight into material
performance, environmental effects, and cost considerations, which assisted with
conceptualization of the analysis and interpretation of the primary data captured from

stakeholders.

3.6.2. Data Collection Tools
For ease of collection and organization of data, the research made use of Kobo Toolbox, a

popular computerized program solely developed for field data collection. With Kobo Toolbox,
the researcher could design electronic questionnaires, thus enabling data collection efficiently
and in real-time from the respondents. The platform selected on the grounds of the ease of its
interface, offline use, and the capability of making the organization and exportation of data
convenient. This instrument assisted in reducing errors that accompany data entry and ensured
overall reliability and uniformity of data collected. The questionnaire developed from the

research goals and aimed at obtaining quantitative views from interested stakeholders.

3.6.2.1. Kobo Toolbox Data Collection Process
The data collection process using Kobo Toolbox used a systematic order to yield clarity,

accuracy, and completeness. It began with questionnaire formulation according to the research
objectives, piloting, distribution, and monitoring. Kobo Toolbox provided a secure and
efficient environment for the collection, storage, and exportation of the responses for analytical

purposes.
Step Description

1. Questionnaire Design  Developed structured questions aligned with the research

objectives, using Kobo Toolbox’s form builder

2. Pilot Testing Conducted a 5 trial to test clarity, flow, and functionality of the

questionnaire
3. Revision Revised the questionnaire based on feedback from the pilot test.

4. Deployment Shared the final questionnaire with targeted respondents via
online links or mobile devices.
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5. Data Collection Collected data both online and offline, using Kobo Toolbox’s
mobile data collection capability.

6. Monitoring Monitored response progress and ensured completeness of
submissions.

7. Data Export Exported the collected data in suitable formats (e.g., Excel,
CSV) for analysis.

Table 3.3 Kobo Toolbox’s Data Collection Process

https://ee.kobotoolbox.org/x/yEoj6yiM

https://ee.kobotoolbox.org/x/WEIFNSUK

3.7. Data Collection Procedures
To ensure rigor, reliability, and consistency in the data gathering process, the current study

employed a structured and systematic strategy. The point of departure was the purposive
selection of 18 high-rise buildings in Addis Ababa 14 commercial (above G+10 floors) and 4
public (above G+6 floors) carefully chosen based on their applicability to the context of
flooring material selection. The key stakeholders who were directly involved in material
selection decisions, such as architects, engineers, contractors, and material suppliers and

building owners, who identified and invited to participate.

In the second step, the data collection instruments were prepared. The questionnaire finalized
after conducting a pilot test and incorporating expert feedback to ensure clarity and validity.
The survey instruments included pairwise comparison matrices based on Saaty’s fundamental
scale for the AHP model and Likert-scale items, both deployed using Kobo Toolbox to enable

efficient and secure online data collection.

During the third step, data collection implemented by distributing the online questionnaires to
approximately 54 professional respondents via Kobo Toolbox links, SMS, or email. Each
participant was asked to complete AHP pairwise comparisons across 15 evaluation criteria and
9 flooring material alternatives, resulting in an estimated 27,000 pairwise responses for

alternatives and 5,250 responses for inter-criteria comparisons.

In the fourth step, all submitted responses downloaded and organized in Excel format to
facilitate further processing. The final step involved rigorous data quality checks.
Questionnaire responses reviewed for completeness and consistency, and AHP consistency

ratios (CR) calculated, ensuring that only responses with CR < 0.10 retained for analysis.
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Additionally, the AHP findings were cross-validated with qualitative insights obtained from

case studies to strengthen the validity of the results.

3.8. Identification of Evaluation Criteria
Based on a critical review of scholarly literature, expert consultations within the construction

industry, and an assessment of the local project context in Addis Ababa, this study identifies
fifteen evaluation criteria as essential for the selection of flooring finishing materials. These
criteria categorized into six overarching dimensions: economic, technical, aesthetic,

environmental, functional, and stakeholder preference.

The economic criteria initial cost, maintenance cost, and installation cost are widely recognized
for their influence on both short-term project budgets and long-term operational expenses,
especially in resource-constrained environments such as Ethiopia Including Ashby M. F,
(2005), and Kibert, 2016). Technical factors such as durability, resistance to external factors
(e.g. Moisture or impact), and ease of installation, are all-key to floor performance upkeep
minimization of lifecycle disturbances Including Zhao, (2007), Yates, (2001), and
Kibert, 2016). The aesthetic dimension, including visual look and design compatibility, is
especially applicable in informing user perception and enhancing cultural and architectural

tastes in building design Including Assefa, (2017), and Gebremariam, 2016).

Environmental factors; sustainability, recyclability, and environmental impact are all indicators
of increasing interest in sustainable building practice and the necessity to reduce the carbon
footprint of materials, especially through the incorporation of locally sourced or recyclable
content Including Kibert, (2016), and Zhao, 2007). Functional criteria such as comfort (thermal
and acoustic performance) and safety (slip resistance, fire resistance) are fundamental in
enhancing usability and occupant well-being, especially in public and commercial buildings
(Yates, 2001). Finally, stakeholder preferences, including user preferences and local
availability, are vital in ensuring that the selected materials align with project realities and
market accessibility, particularly in the context of Addis Ababa where imported materials are

costly and often subject to supply chain challenges (Assefa, 2017).

Together, these fifteen criteria provide a comprehensive framework for flooring material
evaluation and reflect a balance between cost-effectiveness, performance, environmental
stewardship, and contextual appropriateness. Their inclusion in this study supported by

extensive prior research and aligns with the structured principles of Multi-Criteria Decision
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Making (MCDM) methodologies, particularly the Analytic Hierarchy Process. Including Saaty
T. L, (2008), and Vaidya, 2006).

3.9. Identification of Flooring Material Alternatives
Flooring material selection during construction work is an intricate decision that involves the

Comprehensive analysis to all of the functional, economic, aesthetic, and environmental
factors. Based on thorough literature review, this study has detect nine commonly utilized

flooring materials as potential substitutes for public and commercial buildings in Addis Ababa:

Porcelain/ceramic tiles, natural stone flooring (granite and marble), concrete-based flooring
(including micro-cement, colored, and polished), hardwood floors, engineered wood floors
(laminate and wood-plastic composite), vinyl flooring (LVT and VCT), rubber flooring,
terrazzo flooring, and epoxy flooring. Their choice based on both their prevalence in
comparable urban construction situations and their varied performance over significant

selection factors including cost, longevity, security, sustainability, and maintenance simplicity.

Ceramic and porcelain tiles, renowned for durability, resistance to moisture, and minimal
maintenance, perfectly suitable for high-traffic and wet environments, even with their cold and
hard nature under and energy-intensive production process Including Pacheco, (2021), and
Chen, 2012). Natural stone materials such as marble and granite offer superior durability and
aesthetic appeal, often used in premium construction projects, although they are associated with
high costs and significant environmental impacts due to extraction and processing Zhang,
(2015), and Ahmad, 2018). Concrete-based flooring, including polished and micro-cement
finishes, is valued for its strength, low maintenance, and versatility, though it’s environmental

footprint remains a concern due to cement production Assefa, (2017), and Ahmad, 2018).

Hardwood flooring offers natural warmth and aesthetic richness but is sensitive to moisture
and must maintained, raising environmental issues regarding deforestation unless
manufactured in a sustainable way Assefa, (2017), and Chen, 2012). Engineered wood
flooring, consisting of laminate and wood-plastic composites (WPC), is an economic
alternative for hardwood with improved dimensional stability and simpler installation, even if
with shorter lifecycles and chemical emissions Zhang, (2015), and Ahmad, 2018). Vinyl
flooring, particularly luxury vinyl tiles (LVT) and vinyl composite tiles (VCT), is widely used
for its affordability, ease of installation, and water resistance; however, it raises environmental
and indoor air quality issues due to its PVC content Cabeza, (2014), and Zhao, 2007). Rubber

flooring, such as recycled rubber products, is greatly valued in safety-critical use for slip
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resistance, impact absorption, and durability, but design limitations and possible VOC
emissions can limit its broader use Cabeza, (2014). Terrazzo flooring, composed of marble,
quartz, or recycled glass chip aggregate impregnated in a cement or resin binder, is asserted for
long life and low maintenance needs, which makes it an economic choice over time with its
greater initial cost Zhao, (2007). Lastly, epoxy flooring, a resinous finish, has superior chemical
and abrasion resistance for heavy-traffic and commercial use and is increasingly being
enhanced with low-VOC versions to better serve environmental and health issues (Cabeza,
2014).

These nine alternatives selected based on their relevance to the functional demands and market
conditions of Addis Ababa, where factors such as local availability, cost constraints, climate
conditions, and sustainability goals significantly influence material choices. Their inclusion
supported by multiple studies that have analyzed flooring materials using structured evaluation
methods such as AHP and other MCDM models in comparable urban construction contexts
including Jato-Espino, (2014), Shariq, 2021). Tadesse G, 2018). and Gebreegziabher, 2019).
As such, the selected alternatives provide a comprehensive and context-sensitive basis for

comparative analysis using the Analytic Hierarchy Process.

3.10. Data Analysis Techniques
This study employed quantitative data gathered from structured AHP questionnaires. Data

analysis meant to rank and prioritize flooring finishing materials by using expert viewpoints.
The AHP, a prevalent MCDM tool, served to simplify the breakdown of complicated decisions
into a systematic process of logic. The analysis done altogether in Microsoft Excel, which was

flexible in calculations, matrix operations, and ranking.

3.10.1. Bases for selecting AHP
AHP provides a well-tested multi-Criteria decision model (MCDM) method that allows

building analysts to consider multiple, sometimes conflicting attributes of alternatives when
making decisions (Saaty T.L, 1994). Since this research is concerned with developing a
material selection framework with which has many levels of decisions with complex
dimensions, The Analytic Hierarchy Process (AHP) was selected as the preferred multi-criteria
decision-making (MCDM) model for this research due to its proven effectiveness in handling
complex decision environments involving numerous, often conflicting, criteria. AHP is
particularly well suited for studies like this one, where the evaluation of flooring finishing

materials requires consideration of both qualitative and quantitative factors across multiple
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dimensions. One of the primary strengths of AHP lies in its structured approach to
decomposing a complex problem into a hierarchical model of goals, criteria, sub-criteria, and

alternatives, allowing for greater clarity and focus in the analysis.

Moreover, AHP facilitates pairwise comparisons of alternatives, enabling respondents to make
judgments about the relative importance of one factor over another using a standardized scale.
This process supports both objective assessments and subjective judgments, recognizing that
intuition and expert experience are essential in construction-related decisions. Another
important advantage is AHP’s efficient weighting mechanism, which translates these
judgments into a priority scale through an eigenvalue-based calculation, ensuring mathematical

consistency and transparency.

Importantly, AHP maintains manageability even with a large number of evaluation criteria,
due to its hierarchical structure, which simplifies complex problems and reduces cognitive
overload for respondents. Its flexibility, user-friendliness, and wide applicability have made
AHP one of the most widely used tools in MCDM research across various disciplines, including
engineering, construction management, and materials selection. For these reasons, AHP
deemed both methodologically appropriate and practically effective for guiding flooring

material selection in high-rise building projects in Addis Ababa.

3.10.2. AHP Analysis Process

3.10.2.1. Determination of Criteria Priority Weights
Step 1: Building the Decision Hierarchy

The decision problem broken down into a three-level hierarchy:
Goal: Choose the best flooring finishing material.
Criteria/Sub-Criteria: As described in Figure 3.1 (economic, technical, aesthetic, etc.).

Alternatives: The nine flooring material alternatives.
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Select the Most Suitable Flooring
Finishing Material for Buildings in
Addis Ababa
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Figure 3.2 AHP Criteria hierarchy diagram

Step 2: Conducting Pairwise Comparisons

Formally completed questionnaire in the AHP format, where experts who asked to compare
each pair of criteria on Saaty's 9-point basic scale. Number of pairwise comparisons needed for

15 criteria computed as:

FU;LUI:HL'JYLUUﬁ
U U

Each one of these selected experts made 105 comparisons. Total number of responses returned

was 105*50=5250 comparisons
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Intensity of Definition

Importance

1 Equal Importance

3 Moderate
Importance

5 Strong Importance

7 Very Strong
Importance

9 Extreme
Importance

Table 3.4. Saaty scale

Step 3: Aggregating Respondent Data

Reciprocal

1/3

1/5

1/7

1/7

Definition of reciprocal

Equal Importance

Moderate Importance of the other

Strong Importance of the other

Very Strong Importance of the
other

Extreme Importance of the other

Each of the 50 respondents provided pairwise comparisons:

. The 15 flooring selection criteria,

Because AHP requires a single judgment matrix per decision level, individual responses

aggregated into a group matrix using the geometric mean method. This method maintains the

multiplicative properties of the AHP scale and gives equal weight to all expert inputs. The

geometric mean for each pairwise comparison calculated as:

= ENKQLAZG =@ =%, 00, 00&,”

e @A?KIL=NERKHBRKNAOLKIJ@AJP

n is the number of respondents n=50

This resulted in one final pairwise comparison matrix per criterion and one for the criteria

themselves
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Step 4: Constructing the Pairwise Comparison Matrix

For each pairwise comparison matrix whether it criteria to criteria or alternatives to alternatives
under a specific criterion a square matrix format is arranged. Each matrix populated using the
geometric mean of judgment obtained in step 3. These geometric mean values represent the
aggregated relative preferences across respondents and used to fill the corresponding cells of

the comparison matrix.

Step 5: Normalizing the Matrix

Divide each column of the pairwise matrix by column sum, and then sum each column of the

pairwise matrix. This normalization ensures all values scaled proportionally

y Uy
:UW.NHi,. «<SL—=——"— —
ALs=ov

Step 6: Calculating the Priority Vector (Weights)

During the acquisition of the relative weight or significance of each item, the mean value of
every row of the matrix that has been normalized taken. This provided the priority vector,
which provides the relative significance of every item in relation to others.

A% Copemtt'e <&
a

Wi=

Averaging the normalized values across each row to estimate the priority vector.

Calculating the average value of normalized value across each row

Al Gope“1'e <5
a

Wi=

Step 7: Consistency Check

Since human judgments can be inconsistent, a consistency ratio (CR) calculated to verify the

reliability of the responses.

Deriving the principal eigenvalue
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Deriving the principal eigenvalue (lambda/lmax) and corresponding eigenvector. The resulting
eigenvector provides the final priority weights for each criterion, indicating their relative
importance in the flooring material selection process.

_ AegUgoseea
T 3a0aa8Q00c@® Gae

Amax Was calculated: the maximum value of lambda calculated for each criteria Amax=15.6565

To assess the logical consistency of the expert judgments, the Consistency Index (CI) and
Consistency Ratio (CR) were calculated. The consistency index obtained as:

CR=CI/RI RI=Random index n = number of criteria

sk_Vv?59_
4?5

Cl=
RI1=1.59 for n=15 this value is based on saaty's random index table 3.5

CR= W

Where Rl is the Random Index for a 15 x 15 matrix, which is 1.59. A CR value less than 0.10
(10%) is considered acceptable.

Matrix 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
size

Random O O 058 09 112 124 132 141 145 149 151 148 156 157 159

index

Table 3.5 Random index value

Step 8: Ranking the Alternatives

After calculating priority weights for all flooring materials under each criterion, a ranking was
established. These weights used to identify which materials are preferred in each evaluation
dimension (e.g., cost, durability, appearance, etc.). Combined with the weight of each criterion,
the final ranking supported decision-making for flooring selection in high-rise buildings in
Addis Ababa.
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3.10.2.2. Determination of Criteria Priority Weights
Step 1: Conducting Pairwise Comparisons

A structured questionnaire designed following the AHP format, where experts asked to
compare each pair of Alternatives under each criteria using Saaty’s 9-point fundamental scale.
The number of pairwise comparisons required for 9 Alternatives calculated as:

FU aH

L éLUGﬁ
U 0]

Each of the selected experts completed 36 comparisons. The number of responses collected
was 36*50=1800 comparisons. Flooring alternatives compared under each criterion so we have
15 criteria. The total number of responses = 1800*15=27000 pairwise comparison of

alternatives
Determination of Alternative Priority Weights under Initial Cost

Thirty-six pairwise comparisons conducted for the initial cost criterion, with responses

collected from 50 professionals.

Step 2 Aggregation of Expert Judgments

To synthesize the responses from multiple experts into a single pairwise comparison matrix,
the geometric mean method used. This is the standard method for aggregating individual
judgments in-group AHP, as recommended by Saaty (1980). For each criterion pair (i,j), the

aggregated value was calculated using the following formula:

vk Abe 0@ =% U0, UtE,”
E@A?KIL=NERKHBRKNAOLKIJ@AJP

n is the number of respondents n=50

Step 3: Constructing the Pairwise Comparison Matrix

For each pairwise comparison matrix alternatives to alternatives under a specific criterion, a
square matrix format arranged. Each matrix populated using the geometric mean of judgment
obtained in step 2. These geometric mean values represent the aggregated relative preferences

across respondents and used to fill the corresponding cells of the comparison matrix.
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Step 4: Normalizing the Matrix

Divide each column of the pairwise matrix by column sum, and then sum each column of the
pairwise matrix. This normalization ensures all values scaled proportionally
— ~ o i ) éL :U Y
=uF T e SLp———
A-LU —UY
Step 5. Averaging the normalized values across each row to estimate the priority

vector.

AY. Gopr ™ t'e ¢S
a

Wi=

Step 7: Consistency Check

Since human judgments can be inconsistent, a consistency ratio (CR) calculated to verify the

reliability of the responses.
First, the weighted sum vector found by multiplying the original matrix by the priority vector.
Then, Amax Was calculated:

AlegUlgdeeaadlagggidcas

}\«max - -

Amax= maximum eigenvalue of the pairwise comparison matrix

From this, the Consistency Index (CI) and Consistency Ratio (CR) computed:

e fSFe vy A
ﬂ CR=—

ClE—s EA

Cl= Consistency index

CR= Consistency Ratio
RI =Random Index

Step 8: Ranking the Alternatives

After calculating priority weights for all flooring materials under each criterion, a ranking was
established. These weights used to identify which materials are preferred in each evaluation

dimension (e.qg., cost, durability, appearance, etc.). Combined with the weight of each criterion,
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the final ranking supported decision-making for flooring selection in high-rise buildings in
Addis Ababa.

3.10.2.3. Determination of Global Priority Weights
To calculate the overall (global) priority weight of each flooring material alternative across all

evaluation criteria, the following steps followed:
Step 1: Criteria and Alternatives Priority Weights

The AHP pairwise comparisons conducted to derive local priority weights for the 15 selection
criteria. Similarly, for each criterion, pairwise comparisons among the 9 flooring material
alternatives were performed, and local priority weights of alternatives were determined under

each criterion.

Step 2: Constructing the Weighted Matrix

* A 15 x 9 matrix constructed where:

* Each row represents one of the 9 flooring material alternatives.
* Each column represents one of the 15 selection criteria.

* For each criterion (column), the local weight of the criterion multiplied by the local weight

of each alternative under that specific criterion.
Mathematically: GWij = Ci * Ajj

Where:

» GW;j; is the global weight of alternative j under criterion i,
« C; is the local weight of criterion i,

« Ajj is the local weight of alternative j under criterion i.
Step 3: Aggregation to Global Weights

After filling in the full matrix, the sum of each row (i.e., sum across all criteria for each
alternative) was calculated. This row-wise sum gives the global priority weight of each flooring

material alternative.

Step 4: Interpretation
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The global weights reflect the overall ranking of flooring alternatives, considering all criteria
simultaneously. Alternatives with higher global priority weights considered more suitable

based on the aggregated judgments.

3.10.3. Tools Used
All steps, including geometric mean aggregation, matrix normalization, weight calculation, and

consistency checks, implemented using Microsoft Excel. Excel allowed for accurate,
repeatable calculations and made it easy to track and adjust formulas across 15 criteria and 9

alternatives.

DATA ANALYSICS

TECHNIQUEES

CONSTRUCTING THE DECISION
HIERARCHY

)

CONDUCTING PAIRWISE
COMPARISON

I

AGGREGATREFIING
RESPONDENT DATA

]

CONSTRUCTING THE PAIRWISE
COMPARISON MATRIX

I
NORMALIZING THE MATRIX
&
CALCULATING THE PRIORITY

L
RANKING THE ALTERNATIVES

Figure 3.2 data analysis techniques step

3.11. Validity and Reliability of Instruments

For ascertaining that the data collection instruments applied in the course of this research
provide accurate and factual information, validity and reliability tests performed. Such tests are
pivotal in ensuring the credibility of AHP results as well as the general stability of the research

findings.

3.11.1. Validity
Validity refers to the extent to which the data collection instruments accurately measure what

they are intended to measure. In the context of this study, validity is crucial to ensure that the
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questionnaire and other tools reliably capture the factors influencing flooring material selection
in Addis Ababa’s commercial and public building projects. To enhance content and face

validity, the following strategies employed:
a) Expert Review

With the objective of ensuring the relevance and appropriateness of the content of the
questionnaire, expert review was undertaken. Draft questionnaire provided to experts who are
presently working in the construction industry, such as architects, engineers, contractors, and
academic advisers. These experts reviewed whether the questionnaire captured the technical
and practical realities of flooring material selection criteria or not. Their opinion proved to be
very vital for streamlining the language, format, and limits of the questions so that they are

contextually adequate and comprehensive to the Addis Ababa construction industry.
b) Pilot Testing

Following expert review, pilot testing with 5 to 10 sample construction professionals. The main
aim was to test the clarity, relevance, and coherence of questionnaire items. In answering at
this point, respondents requested to add comments to any items that they found confusing,
unclear, or irrelevant. Changes made accordingly, based on their feedback. These included
rephrasing ambiguous questions, reordering the sequence for Enhanced flow, and condensing
vocabulary to ensure clear understanding and precision. Together, pilot testing and expert
review processes played a significant role in making the content validity of the research

instruments stronger to suit the collection of reliable data relevant to the study goals.
c) Content and Construct Validity

Additionally, enhance the validity of the measurement tools, content and construct validity
properly addressed. Content validity guarantees that the questionnaire and interview items are
completely depict the entire concept under investigation here, the determinants of flooring
material selection. Construct validity addresses whether the instrument is measuring the

theoretical constructs it sought to measure.

3.11.2. Reliability of the Research Instrument
a) Internal Consistency (Cronbach’s Alpha

The quality of a research instrument is primarily concerned with determining if the test creator

was correct in expecting a certain set of items to provide interpretable statements regarding
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individual differences. Cronbach'’s alpha is a method that determines the average correlation of
items in a survey instrument to determine the internal consistency of a research instrument.
Cronbach's alpha coefficients vary from 0 to 1, with alpha coefficients greater than 0.70

indicating acceptable reliability (Bonett, 2014).

Internal consistency as the proportion of the test variance that can assigned to a group of items,

which used to calculate the reliability coefficient alpha;

- 0 Ag6
1- —
U= (579 - T)
Where: K is the number of test items
>'s2y is sum of the variance of each item

S2x is the variance associated with the observed total scores

A high Cronbach's alpha score indicates that the construct has a higher internal consistency.
The greater the linear relationship between the tested variables, the higher the coefficient, and
hence the higher the internal consistency. As a result, Cronbach's alpha coefficient is the most
generally used objective measure of reliability, and the internal consistency of the data scale
(data gathered via questionnaire) validated using this coefficient before the analysis in this
study. If the number of variables to examine increased, the Cronbach alpha result will grow as

well. A minimal number of things, on the other hand, results in a low alpha value.
b) Reproducibility and Repeatability

o Similar results from multiple respondents analyzed for coherence using
standard deviation and variance in AHP priorities.

o Simulated AHP responses used to test whether the model produces consistent
rankings across different random inputs with the same underlying target

weights.

3.12. Research Ethics
This research conducted in accordance with strict ethical standards to protect the rights, dignity,

and privacy of all participants. Institutional ethical review procedures followed, along with
internationally accepted principles for research involving human subjects. Before data
collection, participants given a clear explanation of the study’s purpose, procedures, potential

risks, and expected benefits. Informed consent obtained, and participants assured that their
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voluntary participation. Informed them of the right to withdraw from the study at any time
without penalty. Absolutely ensured confidentiality and anonymity. Personal identifiers not
added to the collected data nor published, and all data stored in secure encrypted digital forms
available only to the researcher. Not forced or coerced to participate, and participants never

compelled to answer any individual questions.

The researcher was fully open throughout the research, disclosing the purpose and methods
openly to all participants. All information gathered and presented honestly, without
falsification, fabrication, or selective reporting. Since the research entailed interviews,
questionnaires, and document examination, it was not highly risky for participants. They
informed them that they could skip any questions they felt intrusive or uncomfortable, or
withdraw from participation at all if they so desired to accomplish this assignment. These steps

ensured that the study carried out ethically, responsibly at all steps
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CHAPTER FOUR

DATA ANALYSIS & DISCUSSION

4.1. Introduction
This chapter presents the analysis and discussion of the data gathered to assist in the choice of

appropriate finishing materials for flooring that used on Addis Ababa's commercial and public
buildings. The data analyzed using the Analytical Hierarchy Process (AHP) methodology,
which is a systematic multi-criteria decision-making method that enables comparison among
alternatives based on quantitative factors. Two main types of data collected: 5,250 pairwise
comparison responses for evaluating the relative importance of the selection criteria, and
27,000 responses for comparing flooring material alternatives under each criterion. These
inputs provided a robust basis for generating reliable priority weights and consistency ratios in
line with Saaty’s AHP methodology.

Microsoft Excel as the main program for tabulating pairwise comparison matrices, calculating
local and global weights, and consistency measurement. The final aim of the analysis is to
select the optimal flooring material based on different evaluation characteristics, in accordance
with professional evaluations and specifications of the specific project. In addition, the survey
offers input data for the use of the Analytical Hierarchy Process (AHP), a multi-criteria
decision aid technique employed herein to rank the discovered selection criteria through expert
judgment and actual circumstances. Under this setup, the study aims to develop a decision-
support system that will aid building professionals like architects, contractors, and building
owners in making clear, knowledgeable, and justifiable decisions regarding issues concerning

the selection of floor finishing material.
Based on these goals, the survey created to answer certain specific research questions:

i.  What are the existing trends and practices of floor-finishing material selection in Addis
Ababa building construction?
ii.  What are the most influential factors in the decision process?
ilii.  How best AHP model can be used to prioritize these criteria from expert opinions and
contextual data?
iv.  Which decision-support model can allow practitioners to make effective and reliable

material decisions?
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The answers collected from experts with like experience in building construction are
quantitative in form. Quantitative information on which such answers are based are the
foundation for data interpretation, model calibration, and finally the creation of an actionable
and situational decision-support tool suitable for the Addis Ababa building construction

industry.

4.2. Overall survey response level rate
As presented in the previous chapter, using criteria to select the building as sample from target

population and criteria to select the professionals who was working selected building as
Architect, Engineer, and Contractor. The total number of sample size required for the

questionnaire survey of this research is Fifty-Four (54).

Eighteen buildings selected as the sample for this study, consisting of 14 commercial buildings
and 4 public buildings. To ensure balanced representation from key stakeholders involved in
flooring material selection decisions, three respondents chosen from each building, specifically
targeting contractors and consultants. For the public buildings, in 2 of the 4 buildings, 2
respondents were selected from the consultant side and 1 from the contractor side. In the other
2 buildings, 2 respondents were selected from the contractor side and 1 from the consultant
side. Similarly, for the commercial buildings, the sample was evenly split: in 7 of the buildings,
2 consultants and 1 contractor were selected, while in the remaining 7 buildings, 2 contractors
and 1 consultant were selected. This distribution ensured a fair and comprehensive inclusion
of both contractor and consultant perspectives. As a result, the total number of respondents
included 27 consultants and 27 contractors. Of these distributed 54 questionnaires, four of them
not used on the research for not filled with adequa