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ABSTRACT

Integrating sustainability in construction project management requires practical,
management-oriented approaches addressing environmental, economic and operational
challenges. This study is a review and prioritization of management and process strategies
involved in integrating the concept of sustainability into construction projects. The research
methodology included a systematic literature review, followed by expert validation with an
open-ended questionnaire, and a closed-ended questionnaire that was distributed among 83
professionals. The information obtained was examined by applying the Kano model and
Timko indices to rank and prioritize strategies according to their impact on stakeholder
satisfaction and dissatisfaction. The results show that strategies which are resource
efficiency, construction waste reduction, environmental compliance and site safety
management were found to be high impact Attractive attributes with good potential to
improve feelings for stakeholders. In addition, three strategies that were originally
considered Indifferent in the Kano model were identified as Attractive using Timko analysis
which shows their increased importance in operational sustainability practices. This study
presents an empirically-based prioritization framework that provides good information for
construction decision-makers to give guidance on the most influential strategies for
sustainable project delivery.

Keywords: Sustainability, Construction project management, Strategies, Management and
process, Kano-Model.

1. INTRODUCTION

Sustainability emerged in the 1960s as a response to growing concerns about environmental
degradation and resource depletion. It is commonly associated with the responsible use of
natural resources to ensure that future generations can meet their own needs (Sherratt and
Farrell, 2022; Benton-Short, 2023). In the construction sector, sustainable construction is
essential for mitigating the adverse effects of building activities while achieving sustainable
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development goals. It is based on three key principles: (1) Resource management aimed at
minimizing, reusing, and recycling limited resources; (2) Life-cycle design that reconciles
environmental considerations with traditional construction demands throughout all project
stages; and (3) Human and environmental harmony, guaranteeing occupant contentment
and ecological integrity (Olanipekun, 2017).
Sustainable construction has gained increasing importance as construction projects have
become more complex and resource-intensive. During construction and operational phases,
factors such as energy and water consumption, material use, and land utilization
significantly affect the environmental performance of buildings (Ofori and Kien, 2004).
Embedding sustainability principles into project planning and process management is
therefore essential to balance economic, environmental, and social objectives. In large-scale
projects with many stakeholders, the adoption of sustainable management practices can
help reduce resource waste, align stakeholder expectations, and improve long-term project
performance (Yu et al., 2018). Project Sustainability Management (PSM) has emerged as a
framework that encompasses both the project and product perspectives of sustainability. It
involves the adoption of environmental technologies, design-for-surroundings concepts,
green procurement, and social obligation practices. Empirical research shows that
embedding sustainability practices into challenge control undoubtedly impacts assignment
fulfillment and decreases environmental and social influences, despite the fact that many
corporations still face challenges in fully implementing these practices (Carvalho and
Rabechini, 2017). Recentresearch also highlights the role of construction project managers
in advancing sustainable practices by establishing clear policies, improving stakeholder
communication, and including sustainability requirements in procurement and supply-
chain decisions (Arabpour and Silvius, 2023). Sustainability indicators are increasingly
used to guide project teams, as they capture the economic, environmental, and social
dimensions of the triple bottom line and help assess project sustainability performance
(Stanitsas et al., 2021; Stanitsas and Kirytopoulos, 2023).
The Kano model, introduced by Noriaki Kano in 1984, provides a structured framework for
classifying product or service attributes based on their impact on user satisfaction (Kano et
al.,, 1984). In creation project control, it is widely used to evaluate and prioritize
sustainability techniques, because it links management interventions to stakeholder pride
and perceived value (Chen and Chuang, 2008; Spool, 2011). According to (Walden et al.,
1993), the model classifies strategies into six categories:
1. Must-Be (M): Basic expectations that cause dissatisfaction if absent but do not increase
satisfaction when present.
2. One-Dimensional (0): Features where higher fulfillment leads to proportionally higher
satisfaction.
3. Attractive (A): Unexpected features that delight when present but do not cause
dissatisfaction if absent.
4. Indifferent (I): Features with no significant impact on satisfaction.
5. Reverse (R): Features that decrease satisfaction when present and increase it when
absent.
6. Questionable (Q): Inconsistent or illogical responses that cannot be clearly interpreted.
By identifying what type of strategy falls within categories such as Attractive, One-
Dimensional, or Indifferent, practitioners can know what type of action will be most helpful,
what to eliminate, and what resources to allocate in a more efficient way. This makes the
Kano model especially suitable for prioritizing sustainability strategies in the management
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of construction projects, in which the choice between the most influential managerial and
process interventions is of prime importance to enhance the outcome of the construction
project. Despite a growing body of literature on sustainable construction and project
sustainability management, several important gaps remain unaddressed. Many studies
propose general frameworks or conceptual models for sustainable project management, yet
only a limited number translate these frameworks into concrete management and process
strategies that can be practically applied in construction project environments (Zuo and
Zhao, 2014; Gan et al., 2015). In addition, previous research employing multi-criteria or
satisfaction-based methods tends to focus on critical success factors or performance
indicators rather than on the prioritization of managerial and operational strategies from
the perspective of project stakeholders (Stanitsas and Kirytopoulos, 2023). A further gap
is the scarcity of applied empirical studies that integrate the Kano model with quantitative
extensions such as Timko analysis to classify and rank sustainability-related strategies in
real construction settings, particularly within developing construction sectors (Khalifeh et
al.,, 2020). To address these gaps, the present study specifically concentrates on the
management and process dimension of sustainability integration in construction project
management. By identifying relevant strategies via the literature, validating them via expert
consultation, and using a closed-ended questionnaire to assess the strategies using the Kano
and Timko models, the study gives an empirical prioritization based on stakeholder
satisfaction and dissatisfaction judgment. The application of the Kano model is particularly
useful in this context, because it makes it possible to distinguish between strategies that
merely fulfill basic expectations and those that actually increase the satisfaction of
stakeholders. Timko's indices further quantify these effects, creating a more precise ranking
of strategies based on their overall impact.

Accordingly, the aim of this study is to create an applied framework to identify, validate,
classify, and prioritize management and process strategies to assist in the integration of
sustainability in the management of construction projects. The ultimate goal is to provide
decision-makers with evidence-based insight into how different managerial and operational
interventions are perceived as most influential and improve sustainable project outcomes,
and thus help the construction sector to allocate effort and resources to the most influential
strategies.

2. APPLICATION OF THE KANO MODEL IN THIS STUDY

This study has used the Kano model as a diagnostic tool to assess and categorize the
proposed management and process strategies in integrating sustainability in the
construction project management practices. The application was designed to reflect the
perceptions and emotional reactions of the stakeholders on each of the strategies, which
would allow prioritizing interventions more closely.
First, each strategy was assessed using a pair of Kano-based questions: one functional and
one dysfunctional.
A. The functional question was phrased as:
“How do you feel if this strategy is applied in a construction project you are involved in?”
B. The dysfunctional question was phrased as:
“How do you feel if this strategy is not applied in a construction project you are involved in?”
Participants responded to both questions using the following five-point scale:

1. Very Satisfied

2. Acceptlt
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3. Neutral
4. Do Not Accept It
5. Completely Reject It

Second, each method was labeled into a selected Kano category primarily based on the
aggregate of solutions to the purposeful and dysfunctional questions. The category manner
turned into done using the Kano evaluation matrix, and carried out in IBM SPSS 27 by way
of making use of conditional formulas and logical statements to automate the classification
of responses.

The Kano evaluation matrix used for classification is illustrated in Table 1, while the
conceptual model that explains the relationship between satisfaction and functionality,
known as the 2D Kano Model is presented in Fig. 1.

Table 1. Kano Evaluation Matrix (Cho and Kim, 2022).

Response To dysfunctional Questions
Participant Response Ver Do Not Completel
b P Satisfiyed Acceptlt | Neutral AcceptIt Rejrt’ect It Y
o = w Very Satisfied Q A A A 0
2 S & | Acceptlt R I I I M
22 5 § | Neutral R I I I M
E E é, Do Not Accept It R I I I M
Completely Reject It R R R R Q

When A is an Attractive Quality, M is Must-be, O is One-dimensional, I is Indifferent, R is
Reverse and Q is Questionable.

Satisfaction

Unfulfilment
of requirement
Fulfilment
of requirement

Indfferent

Dissatisfaction

Figure 1. Two-Dimensional Kano Model (Madzik et al., 2019).
3. QUANTITATIVE ASSESSMENT OF KANO STRATEGIES USING TIMKO MODEL

Although the Kano model is a widely accepted tool for understanding stakeholder
perceptions, its categorical nature does not always reflect the relative strength of strategies
within the same classification. For instance, multiple strategies may fall under the
“Attractive” category, yet vary greatly in their actual influence on satisfaction and decision-
making. As such, Kano classification alone is insufficient for effective prioritization (Walden
et al., 1993; Timko, 1993). In response to this limitation, this paper has used the Timko
method, which is a quantitative improvement of the Kano model, to further determine the
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strength and significance of each sustainability strategy. The given method adds some
analytical metrics, which give a numerical understanding of the stakeholder satisfaction and
dissatisfaction reactions, allowing for the classification and rank the strategies more
precisely.

3.1 Key Indicators in Timko Analysis

1. Kano Classification Strength (KCS):

Measures the level of dominance of assigned Kano category of each strategy. It is computed
by as the difference in percentage between the highest category selected and the next most
frequent category. KCS value is higher giving a stronger agreement among the respondents
on the classification of the strategy (Dash and Mahajan, 2024).

2. Satisfaction Index (SI):

Represents the positive emotional impact of a strategy to its implementation. It quantifies
the magnitude of a plan in terms of customer delight. Customer satisfaction index varies
between 0 and 1, whereby a high customer satisfaction index indicates near 1, hence high
customer satisfaction and a low customer satisfaction index indicates a near value of 0.
(Palumbo et al., 2014).

3. Dissatisfaction Index (DI):

Measures the extent to which the strategy reduces unhappiness on implementation. It shows
the negative emotional response that was alleviated due to the introduction of the technique.
The customer dissatisfaction index has a value of -1 to 0. Values that are close to -1 represent
a high level of dissatisfaction, and values close to 0 represent a low level of dissatisfaction
(Palumbo et al., 2014).

4. Overall Satisfaction Coefficient (0SC):

The Overall Satisfaction Coefficient (OSC) is a composite indicator that reflects the total
emotional impact of a strategy by combining its ability to both increase satisfaction and
reduce dissatisfaction (Dash and Mahajan, 2024).

5. Total Strength (TS)

TS is the overall percentage of responses in the three Kano ranges of positive strategic value,
which are Must-Be (M), One-Dimensional (0), and Attractive (A). It is a measure of the
general perceived value and importance of a strategy and is applied to justify its ranking and
prioritization (Dash and Mahajan, 2024).

The calculation formulas for each of the Timko-based indicators used in this study are
summarized in Table 2.

Table 2. Calculation Formulas for Timko-Based Indicators

- |Indicator Formula References
1 KCS Highest Category % - (Dash, 2021; Dash et al., 2022; Miinster and
Second Highest One % Grabkowsky, 2023; Dash and Mahajan, 2024)
(A +0) (Madzik et al., 2019; Dash, 2021; Cho and Kim,
2 SI 2022; Dash et al., 2022; Miinster and
(A+0+M+1D) Grabkowsky, 2023; Dash and Mahajan, 2024)
(M + 0) (Madzik et al., 2019; Dash, 2021; Cho and Kim,
3 DI 2022; Dash et al., 2022; Miinster and
(A+0+M+1D) Grabkowsky, 2023; Dash and Mahajan, 2024)
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4| osc SI+ DI = (A-M) (Bilgili and Unal, 2008; Dash et al., 2022; Dash
(A+ 0+ M+1) | and Mahajan, 2024)
5 TS A+0+M) % 100% (Dash, 2021; Dash et al,, 2022; Miinster and
N 0 Grabkowsky, 2023; Dash and Mahajan, 2024)

4. METHODOLOGY
4.1 Research Design

In this study, the research adopted sequential research methodology to identify, validate,
and rank the management and process strategies to incorporate sustainability in
construction project management. It was comprised of three key steps, as shown in Fig. 2.

4.2 Identification of Strategies Through Literature Review

The literature review has been conducted as the initial phase of the research over the period
2005-2025, on peer-reviewed articles, conference papers, and technical reports. This was to
determine management and process strategies that facilitate the integration of sustainability
in the management of construction projects, and also to ensure that every strategy is based
on valid theoretical sources. The current step led to a list of confirmed strategies, which is
illustrated in Table 3, with its description, major sources, and classification into
management (M) and operational (O) strategies.

Research Methodology

Theoretical Study J L Field Study

Literature Review: Strategies list extracted
—
Identification of Strategies Through from Literature Review

Literature Review ]

Expert Interviews (Open
Questionnaire)

l—l

Preparing the Closed Questionnaire I
y
Distribution and Collection of the Closed Questionnaire
v
I Data Analysis Using SPSS V.27 |
v

% Applying of KANO Model
% Calculating TIMKO Indices

v
I Ranking of Strategies l

'

I Conclusion I

Figure 2. Research Methodology
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Table 3. Identified Management and Process Strategies.

project.

S.\. Strategy Description References
Encouraging suppliers to adopt sustainable . . .
STR.1 practices in production and supply (Shi et al, 2012; Eriksson et al,
2014;Aarseth et al., 2017)
processes.
Steering project practices toward .
. . . (Aarseth et al, 2017; Rajab and
STR.2 §usta1n§b111ty by re.d.ucmg waste  and Breesam, 2025; Tafesse et al., 2022)
improving resource efficiency.
STR.3 Use of waste r_eductlon technologies in design (Kibert, 2022; Vivian, 2011)
and construction.
Integration of building service in the (Hakkinen and Belloni, 2011; Shen et
STR.4 e orocese. al,, 2010; Zuo and Zhao, 2014; Al-
P ' Rudainy and Mahjoob, 2024)
STR.S Coordinated supply chains in the | (Malik et al., 2024; Arabpour and
’ construction process. Silvius, 2023; Krainer et al., 2021)
STR.6 Proper implementation of an Asset | (Hikkinen and Belloni, 2011; Amadi-
) Management Plan in buildings. Echendu et al., 2010)
- . (Shen etal., 2010; Krainer et al., 2021;
STR.7 Efficient allocation of resources. Malik et al., 2024)
STR.8 Enforcing existing green building policies | (Gan et al., 2015; van Doren et al,,
) and standards more effectively. 2016; Chan et al., 2017)
Implement comprehensive health and safety | (Ayarkwa et al., 2022; Gunduz et al.,
STR.9 management systems to protect workers and | 2017; Nnaji et al., 2018; Malik et al.,
improve site conditions. 2024)
Develop and apply effective  storage (Ayarkwa et al., 2022; Al-Shammari et
STR.10 management systems to improve material al, 2024) v ’
handling and site organization. N
Utilize just-in-time scheduling to enhance . .
STR.11 workflow efficiency and reduce material (Kabirifar et al,, 2020; Ayarkwa et al,
waste 2022; Alafeef, 2024)
STR.12 Maintain Lighting systems regularly to | (Adelakun and Omolola, 2025; Nigel
) ensure high energy efficiency. and Longe, 2021; Sapuan et al., 2022)
R i " ted f tructi (Nebrida and Gomba, 2023;
STR.13 ett?y_ct.l ng.\r/lvs Sne geﬁe?d?n I;SHE cr9r1ls ruction Shooshtarian et al., 2020; Tafesse et
ACtIVITIES INTo new bullding materiazs. al., 2022; Shooshtarian et al., 2020)
STR.14 Repurposing existing projects to achieve | (Rajab and Breesam, 2025; Strumiltio,
) sustainability goals. 2016; Aigwi et al., 2023)
Develop strategies to prevent pollution | (Altuma et al,, 2024; Al Harazi et al.,
STR.15 . .
during construction. 2022)
Plan the measurement and reporting of (Xiahou et al., 2018; Tafesse et al
STR.16 environmental and social impacts of the v ’ Y

2022)

4.3 Conducting Open-Ended Questionnaire

The second stage aimed to validate the relevance and practical applicability of the strategies
identified in Stage 1 by consulting domain experts using an open-ended questionnaire.
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4.3.1 Expert Selection

A total of 15 experts were selected to validate the relevance and applicability of the
strategies identified in the literature review. The expert panel included professionals from
academia, governmental construction agencies, and the consultancy sector, ensuring
coverage of the main institutional perspectives involved in construction project
management. Their academic and professional backgrounds represent key disciplines such
as civil, architectural, electrical, mechanical, and environmental engineering, all of which
influence sustainability-related managerial and operational decisions in construction
projects. The selection of 15 experts is consistent with methodological recommendations for
qualitative validation, which suggest that a panel of 10-15 experts is adequate to achieve
content validity, ensure diversity of opinions and provide stability in expert judgement.
Moreover, all the selected experts had more than 10 years of professional experience in
construction project management, which fulfilled predetermined criteria on the reliability
of expert-based evaluation. The involvement of experts representing different sectors and
with a wide experience enhances the validity process and provides the best guarantee that
the identified strategies are implemented in the industry. Table 4 shows the background
information of experts participating in the consultation, including their experience and
professional role.

Table 4. General Information of Experts Participating in the Open-ended Questionnaire

Expert Scientific e Years of
Number | Qualification Specialization Work Sector Experience
Civil Engineering /
EXEE)RT M.Sc. Construction Project Ministry of Education 17
Management
EXPERT Civil Engineering / Ministry of Higher Education
@) M.Sc. Construction Project and Scientific Research / 32
Management Scientific Research Authority
EXPERT Environmental Mmlstry.of H_1gher Education
3) Ph.D. Engineering and Scientific Research / 35
Scientific Research Authority
EXPERT Architectural Ministry of Higher Education
“) M.Sc. Eneineerin and Scientific Research / 32
5 5 Scientific Research Authority
EXPERT Electrical MlIllStI‘y.Of ngher Education
(5) B.Sc. Engineering and Scientific Research / 25
Scientific Research Authority
EXPERT Mechanical Mlnlstry.of ngher Education
(6) B.Sc. Engineering and Scientific Research / 35
Scientific Research Authority
EXPERT Chemical Mll’llStI‘y.Of ngher Education
G M.Sc. Engineering and Scientific Research / 29
Scientific Research Authority
EXPERT Civil Engineering / Ministry of Construction,
@) Ph.D. Construction Project Housing and Public 15
Management Municipalities

91



A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

Expert Scientific e Years of
Number | Qualification Specialization Work Sector Experience
EXPERT B.Sc Architectural Ministry of Construction, Housing 28

(9) o Engineering and Public Municipalities
EXPERT Ministry of Higher Education and
(10) M.Sc. Electrical Engineering| Scientific Research / Scientific 35
Research Authority
Building and
EXPERT B.Sc. Construction Private Sector 26
(11) : :
Engineering
EXPERT Building and Ministry of Higher Education and
(12) B.Sc. Construction Scientific Research / Scientific 30
Engineering Research Authority
EXPERT Ministry of Higher Education and
(13) B.Sc. Electrical Engineering| Scientific Research / Scientific 22
Research Authority
EXPERT B.Sc Architectural Ministry of Construction, Housing 16
(14) o Engineering and Public Municipalities
EXPERT Ph.D Civil Engineering / |Ministry of Construction, Housing 28
(15) o Structural Engineering and Public Municipalities

4.3.2 Questionnaire Design

Experts were given the list of strategies and asked to either confirm or reject the relevance
of each strategy in the form of a Yes/No answer. This way, the process was possible to
validate clearly, but still left a space for comments or suggestions for refinement.

4.3.3 Data Collection and Analysis

Responses of all 15 experts were collated in Table 5, showing the results of validation for
each strategy. The analysis has shown that there was agreement on all strategies between
more than 50% of the experts, which is the threshold of agreement for practical relevance.
The use of a 50% agreement threshold is supported by methodological standards in expert-
based research. Studies such as (Okoli and Pawlowski, 2004; Hallowell and Gambatese,
2010) note that in the case of more than half of an expert panel agreeing on an item, it can
be considered that a minimum acceptable level of consensus has been reached. Therefore,
adopting the criterion of >50% agreement in this study is consistent with practices of expert
judgment. Consequently, all identified strategies were kept and passed through to the closed
questionnaire stage for Kano-based assessment, in order to ensure that the following
quantitative evaluation was based on a comprehensive and expert-validated list of
management and process strategies.
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Table 5. Expert Responses and Validation Results

ISR R L I I B R A B B T A O
sh. || B 2|E|2|2|2|2|2E|E E|E|E|E|E| S

= == I = I = R == == B = R == Q3

S E|E|E|E|E|% 2 E|l2| 285|858

2 I = T = T~ U O~ T < N = L~ I - I B T T -
STR1 | V | V | V vVIivIiVvI|IVvVI|IV IV ]V v | vV | ¥ | 86.6%
STR.2 N VAN EEVAR VAN EEVAN V4 VI iIVvIiIVv IV |V |V |V |866%
STR3 | VvV |V |V | IV | IV |V |V | IV IV |V |V |V IV |V |V |100%
STR4 | V |V |V |V |V |V | V VI IV IV IV |V |V |V ]933%
STR5 | Vv | vV | V v | v VIV |V vV |V | VY |733%
STR6 | vV |V |V |V |V |V | V VI iIVvI IV IV |V |V |V ]933%
STR7 | vV | V | V vVIiVvIiVvI| VIV IV ]V vV | vV | V | 86.6%
STR8 | v |V |V | I V |I V|V |V | IV IV |V |V |V |V |V |V |100%
STRO | vV |V |V |V | V | V VI Vv IV ]V v | vV | V | 86.6%
STR10 | v | vV | V vVIiVvIiVvI|IVvV IV IV ]V N 80%
STR11 | vV | vV | V VI iVvIiVvI|IVvI|IV |V v IV |V 80%
STR12 | v | V |V |V |V |V |V |V |V |V |V vV | VvV | vV |933%
STR13 | v | V |V |V | V | V VI IVvI IV IV I|V IV |V ]V ]|933%
STR.14 v |V vV |V VI IV IV IV |V |V 73.3%
STR15 | v | V |V |V | V | V VI IVvIVvVIVI|V |V |V ]|V |933%
STR16 | v | V |V |V |V | V|V |V |V | V | V vV | Vv | VY |933%

4.4 Conducting Closed-Ended Questionnaire

The third stage involved a quantitative assessment to classify and prioritize the validated
strategies using the Kano model. A closed questionnaire was developed.

4.4.1 Sample Size and Participants’ Profile

A total of 95 closed-ended questionnaires were distributed to professionals working in the
fields of sustainability and construction project management. Out of these, 83
questionnaires were fully completed and considered valid for analysis, yielding a high
response rate of 87.4%. The final sample size is methodologically adequate for Kano model
applications. Several methodological studies report that a minimum of 50 respondents is
sufficient to obtain stable and reliable Kano category classifications (Sauerwein et al.,
1996; Bilgili and Unal, 2008; Cho and Kim, 2022). Samples exceeding 70 participants are
generally regarded as highly robust for quantitative Kano evaluation, providing strong
representativeness and minimizing category fluctuation.

Accordingly, the sample size of 83 obtained is above the recommended methodological
threshold, which ensures high reliability in the identification of satisfaction - dissatisfaction
patterns and strong statistical validity for the computation of Timko indicators. The
participants came from various engineering specializations and different job sectors such as
public agency, private contractor, and consultancy agency which improve the
generalizability of the results in the context of construction project management. Fig. 3
presents the educational level, most of them with bachelor or master degree and a
percentage with PhD, Fig. 4 Field of Specialization, principally areas of Civil Engineering,
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Architectural and Mechanical, Fig. 5 Employment Sectors, split between the public and
private sector and Fig. 6 years of experience, most of them with more than 10 years in
construction projects.

= Ph.D.
= M.Sc.
= B.Sc.

30.10%

Figure 3. Respondents’ Educational Attainment

= Civil

= Architectural

= Electrical

= Mechanical

= Environmental

= Renewable energy

= Others
8.40% 12.00%

Figure 4. Respondents’ Field of Specialization

= Public

= Private

89.20%

Figure 5. Respondents’ Field of Specialization
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4.4.2 Kano Classification Results
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12.00%

27.80%

16.90%

9.60%

Figure 6. Respondents’ Years of Experience

The analysis of the Kano model for the management and process-related strategies showed
that all were placed in the category of Attractive or Indifferent strategies. This suggests that
respondents saw these strategies as either being value enhancing interventions that create
satisfaction when applied (Attractive) or as having little effect on satisfaction (Indifferent).
The lack of the Must-Be, One-Dimensional, Reverse or Questionable classifications implies
that from the participant's view, managerial and operational strategies are viewed as
generally desirable but not essential to their expectations and not their core expectations.

The results of the detailed classification are given in Table 6.

Table 6. Kano Classification Results for Management and Process-Related Strategies

KANO Categories
Strategy | N Reverse | Questionable | Indifferent | Attractive Must- . On(? Result
be Dimensional
STR.1 83 0 1 41 29 1 11 Indifferent
STR.2 83 0 0 20 35 2 26 Attractive
STR.3 83 1 1 21 35 3 22 Attractive
STR.4 83 0 0 47 26 0 10 Indifferent
STR.5 83 0 0 52 19 2 10 Indifferent
STR.6 83 0 0 30 31 3 19 Attractive
STR.7 83 0 0 32 25 2 24 Indifferent
STR.8 83 1 0 12 35 2 33 Attractive
STR.9 83 0 0 17 33 2 31 Attractive
STR.10 | 83 0 0 35 33 0 15 Indifferent
STR.11 | 83 1 0 28 35 1 18 Attractive
STR.12 | 83 0 0 23 34 2 24 Attractive
STR.13 | 83 0 0 27 39 0 17 Attractive
STR.14 | 83 2 0 39 32 1 9 Indifferent
STR.15 | 83 0 0 20 35 3 25 Attractive
STR.16 | 83 0 0 40 26 2 15 Indifferent
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4.4.3 Timko Analysis Procedure

The Timko analysis was carried out in order to quantitatively assess the sustainability
strategies in terms of calculation of the Kano Classification Strength (KCS), Satisfaction Index
(Si) and the Dissatisfaction Index (Di). Each strategy was represented as a coordinate (Si, Di)
on the satisfaction - dissatisfaction diagram given in Fig. 7 to identify its actual Timko
classification. Finally, the Overall Satisfaction Coefficient (OSC) and Total Strength (Ts) were
calculated to prioritize strategies based on the whole of their capacity to improve
satisfaction and decrease dissatisfaction, yielding an evidence-based prioritization
framework that combines stakeholder perceptions with quantitative metrics.

Example of Calculation for (KCS, SI, DI, OSC, and TS) Values for STR.1:

1. Applying Eq. (1) in Table 2: KCS = (41/83)% - (29/83)% = 14.45%
2. Applying Eq. (2) in Table 2: SI = (29+11)/(29+11++1+41) = 0.49
3. Applying Eq. (3) in Table 2: DI = (1+11)/(29+11++1+41) = 0.15
4. Applying Eq. (4) in Table 2: OSC = (29-1)/(29+11++1+41) = 0.49 - 0.15 = 0.34
5. Applying Eq. (5) in Table 2: TS = [(29+11+1)/(83)]x100% = 49.40%
0.0 Satisfaction Index (SI) > +1.0
LOW SI HIGH SI
LOW DI LOW DI
:,é Indifferent Quality Attractive Quality
:g Must-be Quality One-dimensional Quality
- LOW SI HIGH SI
HIGH DI HIGH DI
-1.0

Figure 7. Application of Kano Model (Timko, 1993; Cho and Kim, 2022).

4.4.4 Timko Classification Results

The Timko analysis done to the management and process strategies group proved that the
majority of the strategies remained in their corresponding Kano categories. But three
strategies (STR.7, STR.10, STR.14) are reclassified as Attractive rather than Indifferent,
which shows that the participants understood that there is more potential in these strategies
than in the Kano model to raise the degree of satisfaction. The last prioritization of the
strategies of this group was determined on the basis of the application of the OSC and TS
values, and the entire analysis findings are presented in Table 7.

To further visualize these results, radar charts were created in order to show the variation
of values for the Satisfaction Index (SI) and Dissatisfaction Index (DI) across the strategies.
For the clarity of presentation, the strategies were split into two groups, as Fig. 8 shows the
SI and DI values for the first eight strategies and Fig. 9 show the corresponding values for
the other eight strategies. These visualizations enable an intuitive comparison of different
perceptions of stakeholders, indicating the relative positioning of strategies that have higher
SIvalues (which means higher potential for satisfaction) as compared to strategies that have
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higher DI values (which means higher potential for causing dissatisfaction). Together, the
radar charts complement the tabulated results as they provide a comprehensive graphical
representation of Timko analysis results.

Table 7. TIMKO Results Classification for Management and Process Strategies

KANO Category | Better | Worse TIMKO Sa(t)i‘s,fez::tlilon Total
Strategy Quality Strength | Index | Index (SL, DI) Quality Coefficient Strength | Rank
Classification (KCS) (s (DD Classification (0SC) (TS)
STR.1 Indifferent 14.46 % 0.49 -0.15 | (0.49,-0.15) Indifferent 0.34 49.40 % 14
STR.2 Attractive 10.84 % 0.73 -0.34 | (0.73,-0.34) Attractive 0.39 75.90 % 3
STR.3 Attractive 15.66 % 0.70 -0.31 | (0.70,-0.31) Attractive 0.39 72.29 % 5
STR.4 Indifferent 25.30 % 0.43 -0.12 | (0.43,-0.12) Indifferent 0.31 43.37 % 15
STR.5 Indifferent 39.76 % 0.35 -0.14 | (0.35,-0.14) Indifferent 0.21 37.35% 16
STR.6 Attractive 1.20 % 0.60 -0.27 | (0.60,-0.27) Attractive 0.33 63.86 % 9
STR.7 Indifferent 8.43 % 0.59 -0.31 | (0.59,-0.31) Attractive 0.28 61.45 % 10
STR.8 Attractive 241 % 0.83 -0.43 | (0.83,-0.43) Attractive 0.4 84.34 %
STR.9 Attractive 241 % 0.77 -0.40 | (0.77,-0.40) Attractive 0.37 79.52 %
STR.10 Indifferent 241 % 0.58 -0.18 | (0,58,-0.18) Attractive 0.4 57.83 % 11
STR.11 Attractive 8.43 % 0.65 -0.23 | (0.65,-0.23) Attractive 0.42 65.06 % 8
STR.12 Attractive 12.05 % 0.68 -0.31 | (0.68,-0.31) Attractive 0.37 72.29 % 6
STR.13 Attractive 26.51 % 0.67 -0.20 | (0.67,-0.20) Attractive 0.47 67.47 % 7
STR.14 Indifferent 8.43 % 0.51 -0.12 | (0.51,-0.12) Attractive 0.39 50.60 % 12
STR.15 Attractive 12.05 % 0.72 -0.34 | (0.72,-0.34) Attractive 0.38 75.90 % 4
STR.16 Indifferent 16.87 % 0.49 -0.20 | (0.49,-0.20) Indifferent 0.29 51.81 % 13
STR.1, 0.49
STR8, 0.83 A\ STR.2,0.73
STR.1,-0.15
—=S]
—=])] )
STRS, “0.43 NSTR2,-0.34
STR.7,0.59 STR.7,-0.31 STR.3,-0.31 STR.3,0.7

STR.6, 0.6

STR.6,-0.27

STR.4,-0.12

STR.5, -0.14 /‘(

STR.5, 0.35

STR.4, 0.43

Figure 8. Radar chart of SI and DI for strategies (Group 1)
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STR.9, 0.77
STR.10, 0.58
STR.16, 0.49
Y
v
o—S] STR.9, -0.4
_._D]
STR.16,-0.2 || | STR.10,-0.18
STR.15, 0.72 STR.15,-0.34 STRAT 023 STR11, 0.65
STR.14,-0.12 STR.12,-0.31
" STR.13,-0.2
STR.14, 0.51 A
STR.12, 0.68
>
STR.13,0.67

Figure 9. Radar chart of SI and DI for strategies (Group 2)

5. CONCLUSIONS

This study presents empirical insights into integrating sustainability into construction
project management through management- and process-based strategies. Using a combined
Kano - Timko evaluation, the research creates a prioritized set of strategies based on
stakeholder satisfaction and dissatisfaction. The results show that resource efficiency-
related, construction waste reduction-related, environmental compliance-related, and site
safety management-related strategies are high-impact Attractive attributes, which indicates
that these strategies exert a strong influence on stakeholder satisfaction and the sustainable
delivery of the project. The findings also confirm that integration of sustainability is not so
much about advanced technologies or green design per se, but about efficient managerial
and operational practices associated with day-to-day project operations. Accordingly, the
study emphasizes on the significance of considering sustainability as a fundamental
management function and offers practical information for the decision-makers to
concentrate on the most powerful strategies for improving sustainability performance in
construction projects.

Credit Authorship Contribution Statement

Ahmed Basim Nasaif: Writing - original draft, review & editing, Research, Validation,
Software, Methodology, Data collection, Data Analysis. Ahmed Mohammed Raoof Mahjoob:
Supervision, Review & Editing, Validation.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

98



A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

REFERENCES

Aarseth, W., Ahola, T., Aaltonen, K, @kland, A., and Andersen, B., 2017. Project sustainability
strategies: A systematic literature review. International Journal of Project Management, 35(6), pp.
1071-1083. https://doi.org/10.1016/j.ijproman.2016.11.006.

Adelakun, N.O., and Omolola, S.A., 2025. Predictive maintenance for energy systems in built
environments using deep learning models. Proceedings of the 2nd International Facilities Engineering
& Management Conference, Exhibition, AGM (IFEMCE 2024) https://doi.org/10.2139/ssrn.5133721.

Aigwi, L.E., Duberia, A., and Nwadike, A.N., 2023. Adaptive reuse of existing buildings as a sustainable
tool for climate change mitigation within the built environment. Sustainable Energy Technologies and
Assessments, 56, P. 102945. https://doi.org/10.1016/j.seta.2022.102945.

Al Harazi, AK,, Zhang, W., Shah, S.A.A., Al Asbahi, A.AM.H., Al Harazi, Y.K, and Alwan, S.Y., 2022.
Multidimensional study of factors influencing sustainable construction adoption in Yemen: insights
for implementing sustainable practices. Environmental Science and Pollution Research, 30(8), pp.
20650-20672. https://doi.org/10.1007 /s11356-022-23558-9.

Alafeef, D.M., 2024. Critical success factors for successful construction project management: a
comprehensive evaluation. Journal of Lifestyle and SDGs Review, 5(2), P. e02802.
https://doi.org/10.47172/2965-730X.SDGsReview.v5.n02.pe02802.

Al-Rudainy, A.S.A., and Mahjoob, A.M.R., 2024. Using building information modelling to optimise
design quality of natural lighting in Iraqi school buildings. Organization, Technology and Management
in Construction: an International Journal, 16(1), pp. 52-62. https://doi.org/10.2478/otmcj-2024-
0004.

Al-Shammari, M., Al-juboori, 0.A., and Erzaij, K., 2024. Analytical comparison of leading sustainability
systems in the Iraqi environment. E3S Web of Conferences, 586, P. 01003.
https://doi.org/10.1051/e3sconf/202458601003.

Amadi-Echendu, ].E.,, Willett, R.,, Brown, K., Hope, T,, Lee, ]., Mathew, ], Vyas, N., and Yang, B.S., 2010.
What is engineering asset management? pp. 3-16. https://doi.org/10.1007/978-1-84996-178-3_1.

Arabpour, S. and Silvius, G., 2023. Sustainability interventions of construction project managers—
establishing a minimum baseline. Sustainability, 15(12), P. 9795.
https://doi.org/10.3390/su15129795.

Ayarkwa, ]., Joe Opoku, D.G., Antwi-Afari, P., and Li, R.Y.M., 2022. Sustainable building processes’
challenges and strategies: The relative important index approach. Cleaner Engineering and
Technology, 7, P. 100455. https://doi.org/10.1016/j.clet.2022.100455.

Benton-Short, L., 2023. Sustainability and sustainable development: An introduction. Bloomsbury
Publishing PLC.

Bilgili, B., and Unal, S., 2008. Kano model application for classifying the requirements of university
students. In: Proceedings of the MIBES 2008 Conference. June 2008, pp. 155-171.

Carvalho, M.M., and Rabechini, R., 2017. Can project sustainability management impact project
success? An empirical study applying a contingent approach. International Journal of Project
Management, 35(6), pp. 1120-1132. https://doi.org/10.1016/j.ijproman.2017.02.018.

99


https://doi.org/10.1016/j.ijproman.2016.11.006
https://doi.org/10.2139/ssrn.5133721
https://doi.org/10.1016/j.seta.2022.102945
https://doi.org/10.1007/s11356-022-23558-9
https://doi.org/10.47172/2965-730X.SDGsReview.v5.n02.pe02802
https://doi.org/10.2478/otmcj-2024-0004
https://doi.org/10.2478/otmcj-2024-0004
https://doi.org/10.1051/e3sconf/202458601003
https://doi.org/10.1007/978-1-84996-178-3_1
https://doi.org/10.3390/su15129795
https://doi.org/10.1016/j.clet.2022.100455
https://doi.org/10.1016/j.ijproman.2017.02.018

A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

Chan, A.P.C,, Darko, A., and Ameyaw, E.E., 2017. Strategies for promoting green building technologies
adoption in the construction industry - an international study. Sustainability, 9(6), P. 969.
https://doi.org/10.3390/su9060969.

Chen, C.C,, and Chuang, M.C., 2008. Integrating the Kano model into a robust design approach to
enhance customer satisfaction with product design. International Journal of Production Economics,
114(2), pp. 667-681. https://doi.org/10.1016/j.ijpe.2008.02.015.

Cho, J.H, and Kim, B.S, 2022. Determining via the Kano Model the importance of quality
characteristics in construction management. KSCE Journal of Civil Engineering, 26(6), pp- 2555-2566.
https://doi.org/10.1007 /s12205-022-1830-6.

Dash, S.K,, and Mahajan, R., 2024. Demystifying the importance of attributes of smartphone among
Gen Z applying Kano model and conjoint analysis. Academy of Marketing Studies Journal, 28(5), pp.
1-13.

Dash, S.K,, 2021. Identifying and classifying attributes of packaging for customer satisfaction-A Kano
Model Approach. International Journal of Production Management and Engineering, 9(1), P. 57.
https://doi.org/10.4995 /ijpme.2021.13683.

Dash, S.K,, Singh, R, and Pund, R., 2022. Estimation of factors influencing students’ preference for B-
school - application of Kano model. Journal of Positive School Psychology, 6(8), pp. 10083-10094.

Eriksson, P.E., Olander, S., Szentes, H., and Widén, K., 2014. Managing short-term efficiency and long-
term development through industrialized construction. Construction Management and Economics,
32(1-2), pp. 97-108. https://doi.org/10.1080/01446193.2013.814920.

Gan, X, Zuo, ], Ye, K,, Skitmore, M., and Xiong, B., 2015. Why sustainable construction? Why not? An
owner’s perspective. Habitat International, 47, pp- 61-68.
https://doi.org/10.1016/j.habitatint.2015.01.005.

Gunduz, M., Birgonul, M.T., and Ozdemir, M., 2017. Fuzzy structural equation model to assess
construction site safety performance. Journal of Construction Engineering and Management, 143(4).
https://doi.org/10.1061/(ASCE)C0.1943-7862.0001259.

Hakkinen, T., and Belloni, K., 2011. Barriers and drivers for sustainable building. Building Research &
Information, 39(3), pp. 239-255. https://doi.org/10.1080/09613218.2011.561948.

Hallowell, M.R., and Gambatese, J.A., 2010. Qualitative research: application of the Delphi method to
CEM research. Journal of Construction Engineering and Management, 136(1), pp. 99-107.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000137.

Kabirifar, K., Mojtahedi, M., Wang, C., and Tam, V.W.Y., 2020. Construction and demolition waste
management contributing factors coupled with reduce, reuse, and recycle strategies for effective
waste management: A review. Journal of Cleaner Production, 263, P. 121265.
https://doi.org/10.1016/j.jclepro.2020.121265.

Kano, N., Seraku, N., Takahashi, F., and Tsuji, S., 1984. Attractive quality and must-be quality.
Hinshitsu: The Journal of the Japanese Society for Quality Control, 14, pp. 39-48.

Khalifeh, A., Farrell, P., and Al-edenat, M., 2020. The impact of project sustainability management
(PSM) on project success. Journal of Management Development, 39(4), pp. 453-474.
https://doi.org/10.1108/JMD-02-2019-0045.

100


https://doi.org/10.3390/su9060969
https://doi.org/10.1016/j.ijpe.2008.02.015
https://doi.org/10.1007/s12205-022-1830-6
https://doi.org/10.4995/ijpme.2021.13683
https://doi.org/10.1080/01446193.2013.814920
https://doi.org/10.1016/j.habitatint.2015.01.005
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001259
https://doi.org/10.1080/09613218.2011.561948
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000137
https://doi.org/10.1016/j.jclepro.2020.121265
https://doi.org/10.1108/JMD-02-2019-0045

A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

Kibert, C.J., 2022. Sustainable construction: green building design and delivery. 5th ed. Hoboken: John
Wiley & Sons.

Krainer, J.A., Krainer, C.W.M., Vidolin, A.C., Hasse, F.K., Romanel, F.B.,, and Romano, C.A., 2021.
Construction supply chain management: A scoping review. Ambiente Construido, 21(4), pp- 343-365.
https://doi.org/10.1590/s1678-86212021000400573.

Madzik, P., Budaj, P., Mikulas, D., and Zimon, D., 2019. Application of the Kano Model for a better
understanding of customer requirements in higher education - a pilot study. Administrative Sciences,
9(1), P. 11. https://doi.org/10.3390/admsci9010011.

Malik, A., Mbewe, P.B.K,, Kavishe, N., Mkandawire, T., and Adetoro, P., 2024. Sustainable construction
practices in building infrastructure projects: the extent of implementation and drivers in Malawi.
Sustainability, 16(24), P. 10825. https://doi.org/10.3390/su162410825.

Altuma, M., Lateef, H.A., and Al-Yousuf, A., 2024. Assessment tools of sustainable buildings projects:
a review. Al Rafidain Journal of Engineering Sciences, 2(2), pp. 168-184.
https://doi.org/10.61268/e6e3b258.

Miinster, P., and Grabkowsky, B., 2023. Kano Model analysis of digital on-farm technologies for
climate adaptation and mitigation in livestock farming. Sustainability, 16(1), P. 268.
https://doi.org/10.3390/su16010268.

Nebrida, ]., and Gomba, F.E., 2023. Sustainable construction strategies for building construction
projects in the Kingdom of Bahrain: a model. Sustainable Engineering and Innovation, 5(1), pp. 31-
47. https://doi.org/10.37868/sei.v5i1.id193.

Nigel, F.T., and Longe, 0.M., 2021. Smart energy efficient lighting system for smart buildings. In: 2021
IEEE PES/IAS Power Africa. IEEE. pPp- 1-5.
https://doi.org/10.1109/PowerAfrica52236.2021.9543273.

Nnaji, C., Lee, H.W.,, Karakhan, A., and Gambatese, J., 2018. Developing a decision-making framework
to select safety technologies for highway construction. Journal of Construction Engineering and
Management, 144(4). https://doi.org/10.1061/(ASCE)C0.1943-7862.0001466.

Ofori, G. and Kien, H.L., 2004. Translating Singapore architects’ environmental awareness into
decision making. Building Research & Information, 32(1), pPp- 27-37.
https://doi.org/10.1080/09613210210132928.

Okoli, C., and Pawlowski, S.D., 2004. The Delphi method as a research tool: an example, design
considerations and applications. Information & Management, 42(1), pp. 15-29.
https://doi.org/10.1016/j.im.2003.11.002.

Olanipekun, A.O., 2017. Motivating project owners to increase their commitment towards improving
the delivery performance of green building projects. Queensland University of Technology.
https://doi.org/10.5204 /thesis.eprints.112501.

Palumbo, F., Dominici, G., and Basile, G., 2014. The culture on the palm of your hand. pp. 225-244.
https://doi.org/10.4018/978-1-4666-5007-7.ch011.

Rajab, N.D., and Breesam, H.K,, 2025. Identifying key standards for sustainable school design in Iraq:
a survey and statistical analysis. Journal of Engineering, 31(4), pp. 27-43.
https://doi.org/10.31026/j.eng.2025.04.03.

101


https://doi.org/10.1590/s1678-86212021000400573
https://doi.org/10.3390/admsci9010011
https://doi.org/10.3390/su162410825
https://doi.org/10.61268/e6e3b258
https://doi.org/10.3390/su16010268
https://doi.org/10.37868/sei.v5i1.id193
https://doi.org/10.1109/PowerAfrica52236.2021.9543273
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001466
https://doi.org/10.1080/09613210210132928
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.5204/thesis.eprints.112501
https://doi.org/10.4018/978-1-4666-5007-7.ch011
https://doi.org/10.31026/j.eng.2025.04.03

A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

Sapuan, N.M,, Haron, N.F,, Vija Kumaran, V., Saudi, N.S., and Ridzuan, A.R., 2022. green building best
practices in achieving energy and environmental sustainability. Environmental Management and
Sustainable Development, 11(4), P. 74. https://doi.org/10.5296/emsd.v11i4.21052.

Sauerwein, E., Bailom, F., Matzler, K., and Hinterhuber, H.H., 1996. The Kano model: How to delight
your customers. In: Preprints Volume I of the IX International Working Seminar on Production
Economics. Igls/Innsbruck, Austria, pp. 313-327.

Shen, L., Tam, VW.Y.,, Tam, L., and Ji, Y., 2010. Project feasibility study: the key to successful
implementation of sustainable and socially responsible construction management practice. Journal
of Cleaner Production, 18(3), pp. 254-259. https://doi.org/10.1016/j.jclepro.2009.10.014.

Sherratt, F., and Farrell, P.,, 2022. Introduction to construction management. London: Routledge.
https://doi.org/10.1201/9781003175445.

Shi, Q., Zuo, ], and Zillante, G., 2012. Exploring the management of sustainable construction at the
programme level: a Chinese case study. Construction Management and Economics, 30(6), pp. 425-
440. https://doi.org/10.1080/01446193.2012.683200.

Shooshtarian, S., Caldera, S., Magsood, T., and Ryley, T., 2020. Using recycled construction and
demolition waste products: a review of stakeholders’ perceptions, decisions, and motivations.
Recycling, 5(4), P. 31. https://doi.org/10.3390/recycling5040031.

Spool, J.M., 2011. Understanding the Kano model - a tool for sophisticated designers. [online]
Available at: http://www.uie.com/articles/kano_model/

Stanitsas, M., and Kirytopoulos, K., 2023. Investigating the significance of sustainability indicators for
promoting sustainable construction project management. International journal of Construction
Management, 23(3), pp. 434-448. https://doi.org/10.1080/15623599.2021.1887718.

Stanitsas, M., Kirytopoulos, K., and Leopoulos, V., 2021. Integrating sustainability indicators into
project management: The case of construction industry. Journal of Cleaner Production, 279, P.
123774. https://doi.org/10.1016/j.jclepro.2020.123774.

Strumitto, K., 2016. Adaptive reuse of buildings as an important factor of sustainable development.
pp. 51-59. https://doi.org/10.1007/978-3-319-41941-1_5.

Tafesse, S., Girma, Y.E., and Dessalegn, E., 2022. Analysis of the socio-economic and environmental
impacts of construction waste and management practices. Heliyon, 8(3), P. e09169.
https://doi.org/10.1016/j.heliyon.2022.e09169.

Timko, M.A,, 1993. Kano’s model: how to delight your customers. Center for Quality of Management.

Van Doren, D., Giezen, M., Driessen, P.P.].,, and Runhaar, H.A.C., 2016. Scaling-up energy conservation
initiatives: Barriers and local strategies. Sustainable Cities and Society, 26, pp. 227-239.
https://doi.org/10.1016/j.scs.2016.06.009.

Vivian W.Y,, T., 2011. Rate of reusable and recyclable waste in construction. The Open Waste
Management Journal, 4(1), pp. 28-32. https://doi.org/10.2174/1876400201104010028.

Walden, D., Berger, C. and Blauth, R., 1993. Kano’s methods for understanding customer-defined
quality. Center for quality of management journal, 2(4), pp.3-36.

102


https://doi.org/10.5296/emsd.v11i4.21052
https://doi.org/10.1016/j.jclepro.2009.10.014
https://doi.org/10.1201/9781003175445
https://doi.org/10.1080/01446193.2012.683200
https://doi.org/10.3390/recycling5040031
http://www.uie.com/articles/kano_model/
https://doi.org/10.1080/15623599.2021.1887718
https://doi.org/10.1016/j.jclepro.2020.123774
https://doi.org/10.1007/978-3-319-41941-1_5
https://doi.org/10.1016/j.heliyon.2022.e09169
https://doi.org/10.1016/j.scs.2016.06.009
https://doi.org/10.2174/1876400201104010028

A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

Xiahou, X, Tang, Y., Yuan, J., Chang, T., Liu, P, and Li, Q., 2018. Evaluating social performance of
construction  projects: an  empirical study.  Sustainability, 10(7), P. 2329
https://doi.org/10.3390/su10072329.

Yu, M,, Zhy, F, Yang, X.,, Wang, L., and Sun, X., 2018. Integrating sustainability into construction
engineering projects: perspective of sustainable project planning. Sustainability, 10(3), P. 784.
https://doi.org/10.3390/su10030784.

Zuo, ], and Zhao, Z.-Y., 2014. Green building research-current status and future agenda: A review.
Renewable and Sustainable Energy Reviews, 30, Pp. 271-281.
https://doi.org/10.1016/j.rser.2013.10.021.

103


https://doi.org/10.3390/su10072329
https://doi.org/10.3390/su10030784
https://doi.org/10.1016/j.rser.2013.10.021

A. B. Nasaif and A. M. R. Mahjoob Journal of Engineering, 2026, 32(2)

aoobial) 53] (A al ) add Lulaally Aoy cileaSlia) ciligll caiy anis
bl b g8 Zigad aladial Al Lalay)

Qe Ligdy deda daa) *ldual ambs daaf

G@hall calazg calazg daals cduigl) A cdnaal) duaagl) Vzuﬁ

Ll

Al lantl) llasg A1 Qulsall e 35 ddlee cilsjles sbaiel AALAY) alial iy 8 delsin] ey bl
ps¢ha ot Aafiyall Cibilaally 8)3Y) il cilisls) g dxale ) Auhall o3 Chags L Aabanlly Ll
elad) J8 (g (aatll Al e Ll il dungie dealye ehal Cinill duagie ciled A LAY il b daln)
Clydses (Kano) sl z3sa aladialy cibibal) dalas (s . Liaida 83 e 655 Glae Ol &5 (zside Glatiadl aladialy
2 cupgll Ldaladll Glaal Lia) pacg Liny b Lyl g Loaliglyl sty cibaslind) sl (Timko) sSas
Gilan Cuiida algall AL ol ¢ )l g coliad) cililis Julig e 3lpall alasiod 50U dalaial) Cilinil i) o
il i) D3m0 5 elld ) ALYl Aabiadll (laal Ly 330 e 508538 e L W o Jle 5l ld 4aa
s guls vie 4as Slaw Wl e ¢ 5lS #3500 @8y (Indifferent) 350 e ClenS dadl 8 diias il
s bl il Gaas Bl Al s3a asifiy Aabadil dalnia) Clles 8 lnal w5 (eSen Lea ¢ sSas

cebiall ahtie als 3 8 Bab Clalia¥) AT e S0 el Ul )l g lial AgE clala))

IS 23 claally 831 el i) AALEY) aoliall ) (el sAalial clalst)

104



