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Abstract: The risk–benefit analysis of ERP implementation is worth investigating to optimize the
efficiency of ERP deployment in the construction sector. This study investigates the factors affecting
the dissipation of ERP through diffusion models in developing countries. Moreover, it suggests
a strategy to adopt ERP modules that optimize process integration and project efficiency through
the priority factors method. According to the study, the internal model best describes the studied
modules, and it suggests that imitative behavior and word of mouth significantly influence ERP
adoption in the Africa and Middle East regions. This research concludes with an optimized order
for deploying ERP modules based on the importance, urgency, and ease of implementation of each
module. It is as follows: work progress (500), budgeting (405), procurement (343), site operations
(280), planning and scheduling (270), accounting (252), inventory management (126), document
control (90), and tendering (6). Therefore, it can be concluded that this study fills the research gap of
ERP module adoption using diffusion models and priority factors within the construction industry,
specifically in the specified regions. However, considering dynamic influence factors might provide
more precise predictions, while involving a greater number of companies’ owners might highlight a
greater importance of external factors.

Keywords: enterprise resource planning systems; ERP; ERP modules; diffusion; diffusion models

1. Introduction

Over the past three decades, enterprise resource planning (ERP) systems have be-
come essential for organizations willing to achieve distinction in operation management.
Knowledge management (KM) positively impacts operational performance, with ERP sys-
tems serving as precursors to KM [1]. ERP systems are comprehensive software solutions
that include various modules required for operations such as production, procurement,
work progress, inventory management, site operations, and human resources, thereby
structuring business processes and functions [2]. The specific modules adopted in an ERP
system depend on the type of business and the organization’s particular needs at the time.
Currently, ERP systems are applied across diverse industries including manufacturing,
education, and banking, having emerged as a significant development in corporate IT
use in the 1990s [3]. The primary objective of ERP systems is to enhance organizational
performance [4–8].

The construction sector has seen a considerable evolution in the use of Enterprise
Resource Planning (ERP) technologies in recent years. Construction companies have histori-
cally been slow to adopt advanced digital technology, but ERP solutions have become more
popular because of their capacity to combine diverse business processes, enhance data
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accuracy, and improve project management. The construction industry in industrialized na-
tions, including major important companies all over the world, is using ERP systems more
and more. The desire to increase project management effectiveness, financial transparency,
and departmental cooperation is what is driving this adoption [2,4]. Building information
modeling (BIM) and ERP systems are being integrated in industrialized nations to foster
a more cooperative building environment. Real-time updates on project progress, cost
tracking, and resource management are made possible with BIM data integration. ERP
solutions are increasing productivity and decreasing project delays by using mobile and
Internet of Things (IoT) technology to give real-time tracking of supplies, equipment, and
workers on-site [7].

There is a difference between the state of ERP systems in developing and developed
countries’ construction industries. Although the use of ERP systems is growing in emerging
economies, there are certain obstacles in their installation, and their sophistication is
not as high as in wealthy nations. In developing nations, adoption is less rapid and
broad, particularly among small and medium-sized construction companies. Because
of infrastructure and financial limitations, many businesses continue to use outdated or
disjointed software solutions.

Additionally, despite the potential advantages of ERP systems, numerous challenges
and obstacles persist. These barriers can be classified into organizational, social, and techno-
logical [9]. To be effective, an ERP system in construction must incorporate industry-specific
functionalities such as percent completion, project progress, scheduling, budgeting, pro-
curement processes, and reporting, as noted by Shi and Halpin [8]. Additionally, the unique
characteristics and size of construction companies are crucial factors when implementing
an ERP system. However, as Luo and Strong [10] observed, user resistance to change has
slowed ERP integration within the construction sector. Moreover, ERP system usage is
predominantly seen in large construction enterprises [11].

Given that ERP systems have the potential to improve industry performance, these
findings highlight the need for practitioners and scholars to investigate the issues setting
back their adoption and dissemination in the construction sector in developing nations.
Developing plans for the effective implementation of ERP modules is also crucial.

Hadidi et al. [11] highlighted that the construction sector must explore the adoption of
tendering, budgeting, procurement, work progress, inventory management, site operations,
document control, planning and scheduling, and accounting modules. Hewavitharana and
Perera [12] identified these nine modules as some of the most crucial in the construction
industry. Examining the diffusion pattern of these modules can benefit practitioners
targeting to successfully deploy these systems in their companies.

Thus, the following research issues are intended to be addressed by this study:

• How quickly are modules tailored to ERPs being adopted in developing nations?
• Which groups do the people who use these systems belong to?
• What elements affect ERP system adoption in the construction industry in developing

countries?
• What tactics can be used to guarantee successful implementation and adoption?

While previous studies have focused on the acceptance of ERP systems in the con-
struction sector in general, this study’s main objective is to examine the diffusion of each
ERP module that has been adopted independently in developing countries from 2000 to
2023. The research concludes with proposing a framework approach for optimizing the
diffusion pattern of these modules and achieving an optimized deployment.

The current paper is structured as follows: Section 2 presents a review of the relevant
literature. Section 3 outlines the methodology used in the study. Section 4 details our
findings. In Section 5, we provide an analysis and discussion of the results. Finally,
Section 6 offers the conclusions of the study, along with its implications, limitations, and
suggestions for future research.
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2. Literature Review
2.1. Diffusion Innovation Theories

The diffusion of innovations theory describes how and why new ideas and practices
are adopted. Various models compute the cumulative number of human beings who adopt
an innovation and its pattern over time and space [13]. The speed of innovation diffusion
depends on how the innovation is conveyed within society. According to Rogers [14], the
five key stages in the diffusion process are knowledge, persuasion, decision, implemen-
tation, and confirmation. At any stage, the acceptance of the innovation can be affected
positively or negatively by perceived benefits or barriers. Rogers categorizes imitative be-
havior within society as internal influence factors, while external influence factors include
direct impacts on innovative behavior, such as changes in regulations and consulting firms’
recommendations.

A main factor in innovation diffusion is imitative behavior. It was considered by Mans-
field [15] and elaborated in the internal model. This model is represented by Equation (1)

dN(t)/dt = aN(t)[m − N(t)] (1)

where N(t) represents the cumulative number of adopters at time t; m represents the
total number of potential adopters in the social system; a indicates the probability that
each adopter would independently reach a nonuser; (t)/dt is the first derivative of N(t)
representing the rate of diffusion at time t (a ≥ 0).

In contrast, the external model denies the presence of any communication or inter-
action among the society members. It states that the media, the client demands, and
governmental regulations are factors that affect the adoption of new technology [16]. This
model is represented by Equation (2)

dN(t)/dt = b[m − N(t)] (2)

where b is the coefficient of external influence in each period (b ≥ 0).
Finally, the mixed model considers both the internal and external factors and employs

parameters from both models. This model proposes that the diffusion pattern of an innova-
tion is achieved by both imitative behavior and external forces [16]. It is represented by
Equation (3).

dN(t)/dt = [b + aN(t)][m − N(t)] (3)

The previously described models were applied by several researchers in different novel
technologies. Ahmed and Kassem [17] showed that external factors such as financial sup-
port and government initiatives are the key to information technology diffusion. Zhao [18]
used the mixed model to assess the diffusion of the increase in renewable energy price
policies. The interaction among generation enterprises and the external influence of gov-
ernment behaviors helped in increasing the renewable portfolio standards [18]. Thneibat
et al. [19] proved that mass media and external incentives are the most crucial factors
leading to an increase in the diffusion of value management in construction projects using
the mixed model. Recently, El Hajj et al. [20] studied the adoption of BIM functionalities
within the construction sector in the MENA region. The mixed model best represented the
results of the BIM functionalities diffusion patterns. Imitative behavior acted importantly
even though both internal and external factors are considered [20].

2.2. ERP Systems

After a decade of the Material Requirement Planning (MRP) systems’ takeoff in the
1970s, the evolution of MRP II took place, eventually leading to the development of En-
terprise Resource Planning (ERP) systems in the 1990s. ERP systems integrate various
processes and departments within a company, providing real-time data accessibility and
consistency. As more modules were added, many non-industrial sectors began adopting
these systems [21]. The integration of ERP systems within the construction sector has
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been shown to improve the supply chain, enhance flexibility, aid decision-making, and
reduce costs and project completion times [8,22]. Khouadjia et al. [23] identified obstacles
to ERP implementation as organizational, social, and technological. Similarly, Luo and
Strong [10], Fleming et al. [24], and Kwak et al. [25] noted that most barriers to successful
implementation are user related. Zhu et al. [26] developed a model using the Technology-
Organization-Environment theory to explain ERP implementation success, finding that
organizational preparation and ERP quality significantly impact post-implementation
success. Several studies have investigated the gaps in ERP modules needed within the
construction sector. Hewavitharana and Perera [12] examined gaps in inventory manage-
ment, finance, site operations, estimating and tendering, subcontractor management, petty
cash, asset management, human resources, purchases, and project management. They em-
phasized that customization is crucial for the success of ERP systems in construction. The
adoption of an ERP system involves several stages, beginning with defining the need and
system components. Next, the essential functionalities and modules must be established.
Then, the integration and implementation of ERP modules are carried out. Finally, the
success factors and benefits are attained and assessed [27].

2.3. ERP and Diffusion Innovation Theories

Decisions regarding the implementation of an ERP system depend on the senior
managers and neglect the end-users. The end-users are directly involved in the failure or
success of the system adoption [28]. Several studies have elaborated on user-related factors
as critical risk factors for ERP deployment [10,29]. Several diffusions of innovation studies
have targeted ERP systems and stated their importance in adoption, implementation, and
dissipation. The diffusion of innovation theory claims that the adoption of new technol-
ogy such as ERP systems pursues a trend affected by innovation, communication, social
networks, and perceived benefits. Nevertheless, some challenges might be encountered
such as resistance to change, uncertainty about technology, and the return on investment.
Thus, to develop a better understanding of the ERP systems and evaluate their adoption,
the theory of innovations is used. The possible attributes that affect the adoption are
relative advantage, compatibility, complexity, trialability, and observability. Rogers’ theory
is used as a platform for setting the rational reasons corresponding to packaged software
adoption [14]. This method is helpful to identify the “less sensible” reasons. However,
the research objective was studied by the interpretive and critical traditions to add better
insights since Roger’s theory has some limitations. It does not take into consideration the
particularities of complex information technologies. The findings show that the attributes
of an innovation are preferably not to be used as the perception of agents in the diffusion
process. Wrong perceptions can guide toward bad assumptions [30]. Having the same
purpose but adopting a more relevant and reliable method, a study in 2012 was conducted
by Kwak et al. [25]. The technology acceptance model (TAM) proposed by Davis [31] is used
and extended to obtain relationships between project management practices and end-users’
perception of a project-based sector. The key finding shows that users prefer a system
customized rather than changing the business processes. However, ERP vendors prefer
to reduce the amount of customization unless the company builds the ERP system based
on the client’s needs. Based on these results, the implementation approaches, the modules
to be included, the degree of customization required, and its challenges are important to
be taken into consideration in further studies [25]. Another group of researchers tried to
detect the relationship between the diffusion of innovations theory and the implementation
team for a successful ERP system. Qualitative and quantitative methods are used. The data
are collected through interviews and questionnaires and then, they are analyzed based on
the literature. The analysis finds that the selection of the implementation team is highly
sensible for the successful implementation of the ERP system [21]. A study conducted
in 2020 investigates the diffusion of innovation of ERP systems while having a transition
from an existing on-premises method to a cloud-based system. This research is conducted
using the technology-organization-environment, diffusion of innovation, and the model
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of innovation resistance frameworks. Factors such as regulations, organizational culture,
advantage, and trialability have a major influence on the will to adopt a cloud-based ERP.
However, complexity, data security, and customization do not influence the aim to adopt
cloud-based ERP [32].

The previous literature pointed out the critical success factors for technology accep-
tance. Therefore, Kale and Arditi [33] applied the diffusion model (internal, external, and
mixed) to CAD technology. Their results showed the mixed model as the best exploratory
one while highlighting the importance of internal factors over external ones. Hence, a
recent three-phase systematic review process was completed in 2023 by identifying and
analyzing 35 articles by Nnaji et al. [34]. The analyses show that the key factors affecting the
intention to accept construction technology are perceived ease of use, perceived usefulness,
social norm, attitude, perceived behavioral control, and facilitating conditions. The authors
identify three models as popular choices for developing hybrid models: the Technology
Acceptance Model (TAM), the Theory of Planned Behavior (TPB), and the Unified Theory of
Acceptance and Use of Technology (UTAUT). Among the previously mentioned methods,
the UTAUT has a higher predictive power [34].

Although many researchers investigated the diffusion pattern of the technologies and
ERP systems within the construction field, the diffusion of ERP modules is still not clear.
Hence, the main objective of this study is to investigate the diffusion of ERP modules
diffusions in this field to extract the main factors leading to its propagation. Then, a
framework needs to be suggested to help reach a successful implementation. Table 1 below
indicates the main contributions of this study with respect to previous outputs.

Table 1. Main contributions of the current study.

Previous Studies Current Study

Factors affecting the:
Diffusion of CAD technology [33].
Diffusion of BIM technology [20].
Diffusion of ERP system [25,31].
Diffusion of ERP systems from on-premises to a
cloud-based system [32].
Systematic review with different techniques to
use while investigating the diffusion pattern of a
technology [34].

Factors affecting the diffusion of 9 different
modules separately within the ERP system in
the construction industry, in developing
countries (Middle East and Africa).

Identifying obstacles to ERP implementation as
organizational, social, and technological [23,25].

Identifying the specific factors affecting the
dissipation of ERP modules to prevent the
failure of their implementation.

Establishing essential functionalities and
modules within the ERP system is one of the
critical steps prior adopting it [27].

Prioritizing the required modules and
proposing a framework for modules
implementation to reach successful
implementation.

3. Materials and Methods

This study considers the diffusion pattern of ERP modules separately within the
construction sector in developing countries in the Middle East and Africa. While previous
research has targeted ERP systems as a whole, the examination of individual modules
remains unexplored. This study aims to fill that gap, offering insights for practitioners and
project managers on factors affecting the adoption rate of ERP modules. By understanding
these factors, decision-makers can optimize resource allocation to maximize the impact of
ERP module adoption. To aid in this, a module deployment strategy is proposed, utilizing
the priority factor technique to decide the optimal order of ERP module deployment based
on urgency, importance, and ease of implementation.

The first part of the literature review corresponds to data collection. Scholars gathered
articles from several major electronic databases, including ScienceDirect, Scopus, Taylor
and Francis Online, and ASCE Library, using specific keywords such as “enterprise re-



Buildings 2024, 14, 3224 6 of 18

source planning systems”, “ERP modules”, “ERP benefits”, “ERP barriers”, and “diffusion
innovation theories”. A total of 105 articles were initially collected, which were then
screened to remove duplicates and non-English papers, resulting in 84 studies. Further
refinement based on criteria related to ERP and diffusion innovations, as well as citation
analysis, left 57 papers for detailed data analysis. Based on the literature [11,12,35,36] and
stakeholder experience, a list of essential ERP modules for the construction sector was
established. These modules include tendering, budgeting, procurement, work progress,
inventory management, site operations, document control, planning and scheduling, and
accounting. In-depth interviews with general managers and construction company owners
validated this list, forming the basis of a survey designed for this study.

This survey’s main goals are to determine the trends in the adoption of ERP modules
over time, categorize adopters into distinct groups, look at the major variables affecting
adoption right now, and rank the standards by which modules should be chosen. The
theoretical framework was developed, and the survey was created in accordance with
it using information that had previously been gathered from the literature and in-depth
interviews. First, the question is closed to respondents who have never used an ERP
system. After collecting demographic data, questions on ERP adoption are asked. These
include questions about age, education, place of employment, year of initial use of each
applicable module, perceived benefits, and adoption barriers [20]. To provide an organized
and thorough approach, these topics are covered in separate sections of the survey. A pilot
study is conducted through direct contact with 25 participants including experts in the
field and engineers to ensure that the questions are clear, the format works, to discover any
technical issues and thus, improve the survey prior to its final distribution.

The final survey, designed to collect quantitative data [37], includes a summary stating
the study’s goal and five main sections. The first section concentrates on the characteristics
of the participants by asking about their years of experience, education, current work
status, the regions they worked in, the departments they worked for, and whether they
have already used an ERP system or not. If the participant has used at least one module
in an ERP system, then they continue to the following sections. The second section is
a general one that investigates whether the ERP utilized is customized or not and then
investigates the first year they started using the ERP system in general. The third section ex-
amines the first year the participant has used each of these modules: tendering, budgeting,
procurement, work progress, inventory management, site operations, document control,
planning and scheduling, and accounting. The options start with the “Prior 2000” option
until “2023” along with a “Non-Applicable” (NA) option. Data collected are analyzed
using the most recognized models: the internal influence model [15], the external influ-
ence method [16,38–40], and the mixed influence model [16,41] to interpret the diffusion
pattern of ERP modules in the construction sector. These models require the estimation
of 3 parameters where various approaches exist to approximate them. Finally, a method
that can predict the diffusion parameters and show reliable results is applied to the Statisti-
cal Package for the Social Sciences (SPSS). The method is the Levenberg and Marquardt
method of Nonlinear Least Squares (NLS) [14,16,20,38,42–45]. The goodness of fit of the
three methods is compared to elaborate on the best model that explains the pattern of ERP
module diffusion. The fourth section has eight Likert-scale questions varying between
1 (low) and 5 (high) and four close-ended questions (Yes/No) to identify the functionalities
and benefits corresponding to the usage of the ERP modules and the presence or absence of
regulations for ERP adoption. The questions investigated the ease of use of the ERP system,
and the presence of improved flexibility, stability, and performance. It also targets the
existence of a better workflow, security, and mobile application while generating good doc-
umentation and reporting. Likert-scale questions capture the performance and attributes
of human behavior. They can assess the frequency of use, the difficulty, and the value
of the module. They can measure the attitude in an accepted and validated manner [46].
The close-ended questions interrogated the participants about the presence of a reliable
upgrade, the presence of continuous support, and the presence of strict measures to use the
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ERP. Also, it rates whether they have less or more work to achieve after the ERP adoption.
The last section includes a matrix investigating the rating of the modules concerning the
importance, the urgency, and the easiness of the deployment of each module. It evaluates
and ranks variables based on the mentioned criteria to ensure that decisions are made
based on clear priorities. The priority factor method assesses the factors quantitatively
by assigning numerical values to each criterion. A rating of 1 indicates that the module
is the least important, the least urgent, and the hardest to be deployed. On the contrary,
a rating of 10 indicates that the module is the most important, the most urgent, and the
easiest to deploy. The average ratings of all the respondents are calculated. Then, the factor
is obtained by multiplying the ratings of each module separately. These numbers will give
the priority factor showing the priority in which the modules are suggested to be deployed.
Additionally, importance can be considered as a driver of interest while urgency might
appear due to competitive pressures or requirements. However, the easiness of deployment
depends on the users being trained to use the system and the friendliness of the system.

The survey was distributed via email and LinkedIn to reach a diverse audience of
general managers, project managers, and end-users in construction companies. Targeted
distribution efforts included contacting companies in developing countries, mainly in
Africa and the ME regions, and using LinkedIn to identify potential respondents. A list
of employees’ emails is shared by several managers of construction companies through
direct contact while a search on LinkedIn by keyword: ERP, Construction is completed to
reach the maximum number of respondents. By making it possible to compare the group
of potential respondents with the people who took part in the survey, the employee lists
that the companies offer help assess the validity of the findings. This ensures that the final
sample is representative of the intended population and aids in identifying any anomalies,
such as non-response bias. Emails that were not on the supplied list were cross-referenced
on LinkedIn to confirm the respondent’s legitimacy and authenticity. Spreading the survey
online allows the flexible design of various question types, reduces the cost, and releases
the necessity of being present on-site. Since the construction industry is unique and cannot
be standardized, collecting data to identify the users’ characteristics of ERP systems helps
deliver realistic data [37] and credible results [38,39]. Figure 1 sketches the methodology
adopted in this study.
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4. Results

The survey was distributed among civil engineering companies and shared on LinkedIn
and by email. The data were collected from different firms in different countries to ensure
the sample was representative of the construction sector. A total of 300 questionnaires were
sent. 137 responses were received, which indicates that the sample adequately represents
the population with a 95% confidence level and 5% confidence interval.

4.1. Participants’ Characteristics

33.3% of the participants are currently working in Ivory Coast and 31.3% in Lebanon.
The remaining participants are distributed between KSA, Benin, UAE, Egypt, Congo,
Nigeria, Algeria, and other countries. All the participants are civil engineers. 20% of the
participants have less than 5 years of experience, 24% have between 5 and 10 years of
experience, 46% of the participants have between 10 and 15 years of experience, and the
remaining 10% have over 15 years of experience. These results show that the results are
reliable since the participants are experienced in the field. The participants varied among
general managers, project managers, structural engineers, civil engineers working in the
cost control department, contractors, roads and infrastructure engineers, and planners.

4.2. Benefits

Concerning the functionalities and benefits of the ERP system, the respondents were
asked to rate several functionalities and to state the benefits that appear after the ERP
system’s adoption as stated previously. 74% of the responses prove that while adopting the
ERP system, users have less work to do than prior to utilizing the system. Concerning the
reliable upgrade and continuous support, they agreed on that by 85% and 80%, respectively.
91% of the participants stated that their companies established strict modes of regulation to
adopt the system. Table 2 shows the percentage of the participants that rated the ease of use,
flexibility, stability, performance, workflow, security, documentation and reporting, and
mobile application by 4 or 5 in the Likert scale questions. A rating of 4 out of 5 indicates
that the functionality is good. Security has the highest percentage of 81%. Following this,
ease of use, flexibility, and documentation and reporting have a percentage of 78%. The
lowest percentages belong to stability and mobile application, respectively (64% and 59%).
These results prove that ERP usage is easy while improving security, achieving better
flexibility, performance, and workflow. Most importantly, it enhances documentation and
reporting techniques.

Table 2. Percentage rating greater than or equal to 4 per functionality.

Functionalities % Rating ≥ 4/5

Ease of Use 78
Flexibility 78
Stability 64

Performance 73
Workflow 70
Security 81

Documentation and Reporting 78
Mobile Application 59

4.3. Adoption Rate of ERP Modules

Apart from the benefits and functionalities listed above, the modules used in the
ERP system are examined. These modules include tendering, budgeting, procurement,
work progress, inventory management, site operations, document control, planning and
scheduling, and accounting. These modules incorporate most of the operation procedures
in the company. The results of Table 3 show that 83% of the users employ the work progress
module and 75% adopt the inventory management module. The lowest module adopted
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belongs to the tendering module with a 47% adoption rate. The modules’ selection was
validated by several managers who stressed their importance and need.

Table 3. Percentage adoption of each ERP module.

Modules Number of Users % From ERP Users % From All
Participants

Tendering 47 47% 34.31%
Budgeting 70 70% 51.09%
Procurement 73 73% 53.28%
Work Progress 83 83% 60.58%
Inventory Management 75 75% 54.74%
Site Operations 72 72% 52.55%
Document Control 71 71% 51.82%
Planning and Scheduling 59 59% 43.07%
Accounting 62 62% 45.26%

4.4. Diffusion Model and ERP Modules Diffusion

Furthermore, the participants were asked to specify, if applicable, when they started
using each module for the first time. Figure 2 shows the cumulative adoption of each
module over the years starting from the year 2000.
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Figure 2. The cumulative number of adopters for each ERP module.

The results can be divided into three categories for the nine modules. A gradual
increase from the year 2000 until 2013 with the slowest growth over time. From 2013 up to
2019, a steeper slope appears for all the modules. Finally, the last category after the year
2019 shows the steepest slope for all the modules. The procurement module, the inventory
management, and the document control modules were the first modules to be adopted in
2003. They were followed by the planning and scheduling module in 2005. Then, one year
later, they were followed by the work progress and site operations modules. The tendering
and accounting modules are the latest modules to be adopted, starting in 2010. The authors
considered the year 2000 as the first year in the suggestions since ERP systems showed up
to be the most significant development in the corporate use of IT in the 1990s [3].
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The following analysis will consider the previously described results to assess the
diffusion pattern of the ERP modules by comparing the significance of the three diffusion
models and their goodness of fit to the data collected.

Using the Statistical Package for the Social Sciences (SPSS) software Version 26, the
R-squared of each module for each model is computed using nonlinear regression. The
models internal, external, and mixed are represented by Equation (4), Equation (5), and
Equation (6), respectively.

N(t) = m/((1 + ((m − n)/n))× exp(−amt)) (4)

N(t) = m × (1 − exp(−bt)) (5)

N(t) = (m × (1 − exp(−(b + a)t))/(1 + (a/b)× exp(−(b + a)t)) (6)

These equations are the result of the integration of Equations (1)–(3), where n is the
number of adopters in the initial period; N(t) is the cumulative number of adopters at time
t; m represents the total number of potential adopters in the social system; a indicates the
probability that each adopter would independently reach a nonuser; and b is the coefficient
of external influence in each period.

The external model had the worst fit. It has the lowest R-squared values and the
highest AIC values. The lowest R-squared is 0.39 for the work progress module with an
AIC value of 207.334. The highest R-squared is 0.469 with an AIC value of 178.215, and it
corresponds to the procurement module. The remaining modules have values between
these records. Hence, the external model is excluded from the analysis. However, the other
two models show more precise approximations of the required parameters. Both models
can estimate the parameters needed.

R-squared adjusted is a measure of how well the time in a regression model explains
the variation in the module’s adoption. A higher R-squared indicates a better model fit.
Also, the Akaike Information Criterion (AIC) is calculated for the models. AIC is a statistical
measure used for model selection and is often used in the context of regression analysis.
The AIC values are computed using Equation (7).

AIC = n × ln(SSE/n) + 2k (7)

where n is the sample size, SSE is the sum of squared errors, and k is the number of
estimated parameters.

The authors evaluate the reliability of estimations at a 0.05 level of significance for
the listed modules. None of them has a p-value less than 0.05. Hence, they are statistically
significant. A low p-value (typically < 0.05) indicates that the predictor variable is likely to
have a significant impact on the dependent variable, while a high p-value suggests that
the predictor may not be significantly related to the dependent variable in the context of
the model.

Table 4 presents the parameters of the internal and mixed models. For the nine
modules investigated, the adjusted R-squared and Akaike’s information criterion (AIC)
values are computed to check, respectively the goodness of fit and the approximation of the
anticipated distance between the fitted model and the unknown true process that produced
the real data. The greater the adjusted R-squared is the better while the lower AIC value
presents better results.

The results indicate that the mixed model failed to approximate m for 7 out of 9 modules
which are budgeting, procurement, work progress, inventory management, site operations,
document control, and accounting, while the internal model shows better and more accurate
results. For the two remaining modules, the R-squared adjusted and AIC values were
compared. These modules have higher adjusted R-squared and lower AIC values for the
internal model. Therefore, the internal model proves to be more accurate and precise for
the tendering and planning and scheduling modules.
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Table 4. Parameters of the internal and mixed models.

Model N (Survey) m a b R-Squared
Adjusted AIC Value

Tendering Internal
47

51 0.008 N.A. 0.9243 366.70
Mixed 42 0.152 0.124 0.8945 324.37

Budgeting Internal
70

77 0.007 N.A. 0.9856 455.41
Mixed 92 0.350 0.002 0.9834 457.41

Procurement
Internal

73
75 0.006 N.A. 0.9813 462.28

Mixed 99 0.304 0.003 0.9588 477.10

Work Progress Internal
83

85 0.006 N.A. 0.9673 487.81
Mixed 115 0.313 0.002 0.9669 489.81

Inventory Management Internal
75

88 0.005 N.A. 0.9734 472.78
Mixed 105 0.303 0.003 0.9896 466.58

Site operations Internal
72

79 0.005 N.A. 0.9734 460.14
Mixed 98 0.289 0.003 0.9752 462.14

Document Control
Internal

71
70 0.003 N.A. 0.9815 448.02

Mixed 113 0.241 0.004 0.9690 450.02
Planning and
scheduling

Internal
59

62 0.006 N.A. 0.9592 367.54
Mixed 50 0.286 0.053 0.9425 369.54

Accounting Internal
62

60 0.006 N.A. 0.9754 367.67
Mixed 40 0.033 0.309 0.9547 369.67

4.5. Phasing ERP Modules Adoption

Besides the diffusion of ERP modules, the phases of ERP module deployment need
proper planning to reach successful implementation. Thus, this research utilizes priority
factors to help decision-makers select the order of ERP module deployment. Three criteria
were identified as impacting the adoption decision of the module: the importance of the
module to the practice, its urgency, and the easiness of its deployment. The survey sought
the opinion of respondents regarding the three criteria. The urgency highlights the necessity
and pressure to adopt the ERP modules. It might be affected by competitive pressures,
regulations, market trends, etc. The more urgent a module is to deploy, the higher the
chances to deploy it at initial stages. Moreover, the importance of the module indicates
its significance in adoption. The module will attract the attention of the decision-makers
and drive them towards faster adoption. It helps emphasize the awareness and interests
of the module within each department. However, the easiness and complexity of module
adoption have a key role in the deployment. The easier the module is, the more effortless
the adoption is. Also, the training, the age, the level of education, and the support are
important to be considered in the deployment phase. Therefore, linking these three criteria
will result in a priority factor to gain insights and extract strategies for successful module
implementation. The results of the survey pointed out interesting findings corresponding
to the priority factor affected by the urgency, importance, and easiness of the deployment.

The result of the survey indicates that the most urgent, important, and hardest module
to deploy is work progress. It has the highest ratings compared to the other modules for
the three categories, which are 10, 10, and 5, respectively. Thus, its priority factor is 500.
The budgeting module follows the latter with a priority factor of 405. It is the second most
urgent, important, and complex to deploy by having the following ratings, respectively:
9, 9, and 5. The third most urgent module is procurement with a rating of 7, while the
third most important modules are procurement, inventory management, and accounting,
having a rating of 7. The hardest modules to deploy are work progress and budgeting,
having a rating of 5. They are followed by tendering and document control modules with a
rating of 6. However, the least urgent and important module is tendering, having a rating
of 1 for both pillars. Finally, the easiest module to deploy is planning and scheduling,
having a rating of 9. Thus, the modules are distributed as follows: work progress (500),
budgeting (405), procurement (343), site operations (280), planning and scheduling (270),
accounting (252), inventory management (126), document control (90), and tendering (6).
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The results extracted from the last section of the survey are outlined in Table 5. These
results suggest the deployment of ERP modules as follows: work progress, budgeting,
procurement, site operations, planning and scheduling, accounting, inventory management,
document control, and tendering. Even though work progress and budgeting modules
are the hardest to deploy, they remain the top priority modules to deploy due to their
importance and urgency ratings having the highest factors and affecting the overall factor.

Table 5. Modules Rating and Priority Factor.

Modules URGENCY
(A)

IMPORTANCE
(B)

EASINESS
(C)

FACTOR
(A × B × C)

Tendering 1 1 6 6
Budgeting 9 9 5 405
Procurement 7 7 7 343
Work Progress 10 10 5 500
Inventory Management 6 3 7 126
Site Operations 5 7 8 280
Document Control 5 3 6 90
Planning and Scheduling 5 6 9 270
Accounting 6 6 7 252

5. Discussion

Based on the survey, the user’s rating for the functionalities and benefits of the ERP
modules implementation proves that security is highly achievable with the highest percent-
age. 81% of the participants rate it as significant. Ease of use, flexibility, and documentation
and reporting follow this benefit with a percentage of 78% of the participants’ votes. Also,
74% of the participants agreed that they had less work to accomplish after the system adop-
tion. Complementing these advantages with a reliable upgrade and continuous support,
users encourage the usage of the system. Therefore, the results comply with the success-
ful factors for ERP adoption and diffusion. They indicate that the advantages extracted
from the ERP adoption affect the end-users directly. Therefore, the end-users are directly
involved in the success or failure of the system [10,28,29].

The work progress module presents the highest number of user adoptions. This might
be explained by the minimum required modules previously stated in the literature. The
work progress module is presented among the minimum required modules framework
suggested by Jawad et al. [51]. Thus, most companies might decide to adopt and apply it
during the early phases of ERP system implementation. Adopting such a module allows
for the data collection, project follow-up, and monitoring. Hence, showing the highest
percentage of adoptions is explainable. While the least adopted module is the tendering
module. The latter is considered a new module added to the standard modules elaborated
in the ERP systems. The construction industry is more specific than any standard industry.
The work progress module, procurement module, and inventory management are not new
in terms of modules for the ERP in general [2]. However, the tendering module is a new
concept specific for the construction industry, which explains its lowest percentages of
adoption. The unique traits of the construction sector and the increasing trend of ERP
systems moving from traditional industries into the construction industry lend additional
validity to this [21].

91% of participants reported that their companies implemented strict regulations when
adopting the system. This is an external factor applied by the owners or general managers
of the company; however, the results show that the internal factors are of greater importance.
Hence, the regulations are important in the pre-adoption stage of the system. The previous
statement conforms with the results elaborated on BIM adoption by El Hajj et al. [20].

The tendering module has the highest probability that each adopter would indepen-
dently reach a nonuser (0.008). It is followed by the budgeting module (0.007). Then, the
procurement, work progress, planning and scheduling, and accounting modules have
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the same coefficient of 0.006, while the inventory management and site operations mod-
ules have a coefficient of 0.005. The lowest coefficient belongs to the document control
module (0.003).

In addition, the dominance of internal factors over external factors is most likely
explained by the specific needs of growth and development of each company rather than
the external pressures. This is proven to be true since the module’s adoption varies among
the businesses and the needs of each company [12]. The construction industry in Africa and
the ME region is more likely affected by internal factors such as word of mouth rather than
external pressures. External factors might affect the decision-making of adopting an ERP
system while word of mouth and the needs of the company affect the module adopted.

The imitative behavior observed can be verified by the rational efficiency hypothesis.
Blayse and Manley [52] mentioned that the benefits of adopting innovation in the construc-
tion sector are obtained through communication channels. Firms might become aware of
these modules through exhibitions, trade shows, gatherings, and others. The main interest
of rational efficiency belongs to the capability of recognizing the profitability and efficiency
of the users at a given point of the diffusion process. Some benefits are directly tangible,
such as better reporting techniques, on-time data collection, and better project follow-up;
however, better image and reputation and customer satisfaction might require some time to
appear. They might dissipate a few months after the deployment of the ERP module. This
fact leads to additional benefits in the long term. Hence, the technical profitability of the
ERP modules needs further investigation since it cannot completely justify the diffusion of
ERP modules in the construction sector.

Moreover, having several ERP modules might give the impression that the firm
is qualified and legitimate to clients. Also, the fear of losing clients in a world full of
competition might push the firm to adopt ERP modules to gain an advantage over the
competitors. The latter can be explained by the bandwagon hypothesis [53]. This theory
takes into consideration the previous number of adopters and the reputations to adopt the
technology regardless of the presence or absence of profitability information.

Hence, the bandwagon theory might be considered a better explanation for the ERP
module’s diffusion in the construction industry. Nevertheless, additional examination of
this theory’s pressures might be investigated deeply in further studies.

Finally, the results show that the work progress module is considered the highest
priority module to be deployed while having the highest factor (500). It is followed by the
budgeting module (405) and then the procurement module (343). Hence, it is suggested
to implement the work progress module at the beginning. Then, it is suggested to adopt
the following modules, respectively: budgeting, procurement, site operations, planning
and scheduling, accounting, inventory management, document control, and tendering.
This framework will increase the chance of successful adoption due to the importance,
urgency, and easiness of adoption of each module. These findings comply with previous
findings stating the importance of deploying the ERP system in different stages [27,51].
Monitoring daily progress came up as a critical concern for the engineers since it helps
with daily tracking of the activities accomplished, extracting cost performance index and
schedule performance index by comparing the actual work to the scheduled and budgeted
work. Moreover, it is among the minimum required modules to adopt in the initial stages
to reach successful implementation as stated by Jawad et al. [51].

6. Conclusions

This study assessed the diffusion patterns of ERP modules within the construction
sector in Africa and the Middle East. Notably, the construction sector in the developing
regions, specifically in the Middle East and Africa, has proven significant development
in recent years. A comprehensive literature review was conducted to assess the status
and diffusion patterns of ERP systems within the sector. Based on insights from previous
studies, a survey was designed to investigate the benefits of ERP systems and the diffusion
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patterns of ERP modules. The selected modules, which are frequently mentioned in the
literature, represent key components of the operational chain in the construction sector.

Data collected from the survey were analyzed using SPSS, using the Levenberg and
Marquardt method of Nonlinear Least Squares (NLS) to explore the diffusion of innovation
patterns. The results were further evaluated using diffusion models: external, internal, and
mixed. This study provides valuable findings into the adoption and implementation of
ERP systems in the construction industry, showing key factors influencing their diffusion
and offering recommendations for optimizing ERP deployment in these regions.

The implementation of ERP systems enhances organizational functionalities by im-
proving flexibility and performance, increasing stability and security, and fostering better
workflow throughout the enterprise. Additionally, ERP systems enhance documentation
and reporting capabilities, all within an easy-to-use user interface. Acceptance of these
systems also reduces the workload for workers while granting reliable upgrades and
continuous support.

The study’s findings indicate an increase in the adoption of ERP modules, with the
steepest slope occurring after 2019. This surge was preceded by a gradual increase up to
2013, followed by a steeper incline between 2013 and 2019.

The findings detect the internal model as the most appropriate for justifying the
diffusion of ERP modules. Imitative behavior and word of mouth are more dominant than
regulations and external factors in the diffusion process of ERP modules. This supports the
significance of the bandwagon hypothesis in the ERP modules’ diffusion pattern in Africa
and the Middle East regions. However, regulations can still push decision-makers into the
pre-adoption phase of ERP modules.

Furthermore, the highest priority factor is credited to the work progress module,
followed by the budgeting and procurement modules. This suggests an optimal order
for deploying ERP modules based on their importance, urgency, and ease of deployment,
thereby enhancing the overall deployment of ERP systems.

6.1. Implications

The results of this study show that the adoption rate of ERP modules is steadily in-
creasing across all modules, with a notable increase of rate in recent years. While each
module has a specific deployment rate among participants, all exhibit a rising adoption
trend over time. Approximately one-fifth of adopters are considered early adopters, hav-
ing less than five years of experience. This highlights the importance of incorporating
younger employees within each department to ensure the maintained use and continuity
of these technologies.

Additionally, 70% of the contributors are experienced staff who confirm the significant
benefits derived from using these modules. Improved documentation and reporting are
evident, with around 80% of participants noting these improvements. Internal communica-
tion and dissemination within companies are also highly effective, largely due to the major
benefits previously mentioned.

The findings of this study provide valuable insights for decision-makers, construction
firm owners, and general managers. Encouraging the implementation of ERP modules
within their departments can help construction companies remain competitive in Africa
and the Middle East and assure clients of their capability for quick decision-making through
real-time data collection over the project duration. ERP systems also enable timely project
accomplishment and adherence to budget constraints through effective daily follow-up.

Finally, the study recommends the deployment of the work progress module, followed
by the budgeting and procurement modules, to enhance the integration of ERP systems
in construction companies. This strategic order of deployment helps decision-makers
optimize the adoption and utilization of ERP systems within their firms.
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6.2. Limitations and Future Research Lines

Despite the importance of this research study, several limitations are apparent. First,
the diffusion pattern within construction companies is unique, yet the patterns used do not
account for this specificity. Future research should consider this issue to enhance model
accuracy. Second, the external and internal factors are treated as constant over time, which
may reduce the precision of the results. Models that incorporate dynamic influence factors
could provide more adequate predictions.

Additionally, a time lag between receiving information, becoming convinced of the
modules’ benefits, and adopting them might occur. However, the current models assume
immediate adoption upon receiving information. Therefore, a deeper analysis of the
decision-making mechanisms for ERP module adoption is needed. Finally, gathering input
from a larger number of owners and managers about the factors driving ERP system
integration might reveal that external factors play a more significant role in the initial
adoption phase.

Furthermore, it would be beneficial, in future work, to assess how emerging technolo-
gies, such as artificial intelligence and the Internet of Things, are incorporated into ERP
systems in the construction industry and how this influences innovation and operational
effectiveness.
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