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Abstract: Project underperformance remains a significant concern in the construction industry. The majority of prior stud-
ies have focused on identifying the subjective factors that affect project performance. However, there are currently no in-
depth studies evaluating the influence of project characteristics and managerial/organizational obstacles on construction
project performance for design-bid-build projects using empirical data. Therefore, this study aims to present a predictive
model that illustrates the correlation between project characteristics, managerial/organizational complexity and difficulties,
and construction project performance. Project data relating to the construction of 101 public schools within a developing
country was collected. Subsequently, the project characteristics were identified, and two performance indicators (schedule
performance index and cost performance index) were calculated for each project. A survey was conducted with construc-
tion professionals who took part in all of the control and management processes of these school projects to evaluate their
managerial and organizational difficulties. Hierarchical regression model approach and correlation analyses were em-
ployed to develop the predictor model. The results indicate that factors such as location, school type, and project duration
significantly predict both the schedule performance and managerial and organizational difficulties in school construction.
An indirect correlation, rather than a direct association, was found between schedule performance and managerial and
organizational difficulties. The proposed model will be a helpful guide for construction professionals, engineering manag-
ers and government decision-makers seeking to improve the performance of "design-bid-build" school construction pro-
jects. We suggest integrating the qualification-based selection (QBS) system into traditional procurement methods for
public investments.

Keywords: Project performance, design-bid-build contract, school construction, hierarchical regression model.

1. Introduction

The construction industry faces issues of poor project performance and low productivity due to the complexity and dy-
namicity of construction projects. McKinsey Global Institute's report suggests that both developing and developed countries
encounter similar problems during the life cycle of construction projects (McKinsey Global Institute, 2017). Unlike many
other sectors, such as manufacturing and agriculture, which are seeing productivity growth averaging 3.8% per year, the
construction industry is struggling to surpass the desired level of efficiency, with a productivity growth rate of only 1% per
year (McKinsey Global Institute, 2017). What's more, the global construction industry is becoming more competitive every
year. This is driving contractors to improve efficiency and productivity. Nevertheless, the construction industry's financial
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importance and contribution cannot be ignored. For instance, construction projects typically account for 9% to 15% of the
GDP in developing countries (Hampson et al., 2014). As a result, there has been increased emphasis on measuring and mon-
itoring the performance of both construction firms and projects in recent years. Consequently, professionals, engineering
managers and academics have placed significant emphasis on dependable performance indicators to enhance project moni-
toring and control practices (Chan and Chan, 2009; Moradi et al., 2022; Su and Khallaf, 2022). While there are numerous
underlying success criteria for construction projects, the predominant factors used to evaluate success are time, cost and
quality, collectively referred to as the "lron Triangle" in construction (Ma and Fu, 2020; Marzouk and Gaid, 2018; Su and
Khallaf, 2022). Safety (Mellado et al., 2020). In addition, working environment (Chan et al., 2004; Orihuela et al., 2017) are
also highlighted as essential project performance measures. Despite criticisms of time delays and cost overruns as inadequate
performance indicators because of their limitations in assessing overall project performance (Leon et al., 2018; Meng, 2012),
it is noteworthy that they are still more reliable and easily monitored than other performance measures during construction
processes (Orihuela et al., 2017; Radujkovi¢ et al., 2010; Su and Khallaf, 2022).

A number of studies have attempted to identify the underlying reasons for cost overruns and delays in construction projects.
Notable works on the subject include those by Alshihri et al. (2022), Amoatey et al. (2015), Chan et al. (2004), Durdyev
(2020), Kavuma et al. (2019), Mpofu et al. (2017) and Yehiel (2013). The majority of these works employ qualitative meth-
odologies and conduct surveys among construction professionals to investigate the underlying factors that impact project time
and cost performance. This is evident in the works of Amoatey et al. (2015), Egwim et al. (2021), Gunduz and Tehemar
(2020), Johnson and Babu (2020), Kavuma et al. (2019), Mpofu et al. (2017) and Yehiel (2013). However, only a few studies
have actually analyzed the variances in actual project time and cost in order to evaluate which attributes have a significant
impact on construction project performance (Kaming et al., 1997). Moreover, while it is widely recognized that construction
project characteristics such as project type, location, and size (Cho et al., 2009) and bidding methods (Chan et al., 2004;
Minchin et al., 2013; Yu et al., 2017) have a significant impact on project performance, there is a lack of comprehensive
studies that attempt to explore the empirical correlation between these attributes and project performance.

Furthermore, project managerial complexity or difficulty could significantly impact construction project performance ei-
ther positively or negatively, as noted by Ma and Fu (2020). The effects of project characteristics and managerial complexity
on project performance in construction are still unclear. Therefore, the primary purpose of this study is to present a new
predictive model that quantitatively demonstrates the direct and indirect relationships between project characteristics, mana-
gerial and organizational complexity or difficulty, and construction project performance, utilizing real-time variances in both
cost and time. In other words, the research question is that what are the main indicators for poor project performance in school
constructions. Having a clear understanding of these significant predictors and their interrelationships will greatly aid con-
struction practitioners and engineers in implementing more dependable project management practices, and as a result, effec-
tively improve construction project time and cost performance.

2. Background
2.1. Project performance indicators in construction

Key performance indicators (KPIs) are a key measure of project success in a variety of industries, as well as in the con-
struction industry. Despite the importance of performance indicators in evaluating project success, there is no consensus on
which indicators to use, especially in construction due to the unique characteristics of construction projects. Two different
approaches, Performance Measurement Systems (PMS) and key performance indicators (KPIs), have been adopted in litera-
ture to define project performance indicators systematically (Haponava and Al-Jibouri, 2012). KPIs are used to measure the
partial or final performance of a project, while PMS is used to quantify the performance of an organization (Franceschini et
al., 2009). KPlIs are widely used in construction projects to provide benchmarking at the company and project level (Yuan et
al., 2009). Baccarini (1999) proposed an alternative classification for project success criteria, which comprised two compo-
nents: product success factors and project success factors. According to Baccarini (1999), project management success is
associated with process achievements, whereas product success is centered on the final product or deliverable. Skibniewski
and Ghosh (2009) proposed the KPIs approach, which classifies indicators into two categories: project performance indicators
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(e.g. cost, time, client satisfaction, and predictability) and company performance indicators (e.g. safety, profitability, and
productivity). Project performance indicators can be classified into two categories: quantitative and qualitative. Quantitative
approaches to project performance indicators are measurable, objective, and reliable, whereas qualitative ones are more sub-
jective and difficult to measure and evaluate (Chan and Chan, 2004).

Although time, cost, and quality are considered as traditional performance indicators (Leon et al., 2018; Meng, 2012), it is
widely accepted that they are more reliable, objective, and measurable compared to other qualitative and quantitative indica-
tors (Orihuela et al., 2017; Radujkovi¢ et al., 2010; Su and Khallaf, 2022). Several studies highlighted that the achievement
of time, cost, and quality requirements, referred to as the "Iron Triangle" in construction projects, heavily determines project
failure or success (Chileshe and Berko, 2010; Haponava and Al-Jibouri, 2012; Mulla and Waghmare, 2015). Previous review
studies considered cost, time, and quality as the top-ranked performance indicators (Moradi et al., 2022; Su and Khallaf,
2022). Construction project practitioners and technical managers often consider and evaluate the performance of construction
projects using these objective performance indicators (Mellado et al., 2020). The "iron triangle™ is also acknowledged as one
of the most crucial parameters to meet client satisfaction (Tripathi and Jha, 2018).

In addition to these performance indicators, a previous study concluded that the tendering method or contract type also
significantly influences construction project performance (Chan et al., 2004). In the construction industry, alongside the tra-
ditional or design-bid-build project delivery method, there are various contract types including design-build, built-operate-
transfer, and management contracting (Montalban-Domingo et al., 2019). Several studies have attempted to compare the
performance of projects delivered through different methods, particularly based on time and cost parameters (Abou Chakra
and Ashi, 2019; Hashem M. Mehany et al., 2018; Minchin et al., 2013; Shrestha and Fernane, 2017; Yu et al., 2017). Previous
studies have shown that projects delivered using the design-build method have significantly better time and cost performance
than design-bid-build projects (Minchin et al., 2013; Shrestha and Fernane, 2017). However, the performance of projects
tendered via different procurement methods varies depending on the characteristics of construction projects, and no consistent
results have been achieved regarding their performance (Abou Chakra and Ashi, 2019; Moon et al., 2020). However, the
"traditional” contract type is commonly associated with poor time and cost performance compared to other delivery methods
(Minchin et al., 2013; Nguyen et al., 2018).

2.2. Earned value management (EVM) approach

In construction and diverse industries, various project management approaches such as agile, lean, waterfall, scrum, and
critical path project management are utilized for controlling and monitoring project performances (Wells, 2012). Earned Value
Management (EVM), which is strongly suggested by Project Management Institute (PMI, 2005), has gained great attraction
among industry practitioners and engineers globally (Kerzner, 2014). According to PMI (2005), EVM is an effective and
beneficial empirical method for evaluating and monitoring the overall progress of a project from beginning to end. Various
studies (Batselier and Vanhoucke, 2015; Proafio-Narvéez et al., 2022; Zahoor et al., 2022) have significantly demonstrated
the efficiency of EVM in providing insight into project cost and time performance. With EVM, managers and engineers can
check whether a project is behind or ahead at any time in terms of cost and time according to planned ones. The EVM method
is widely recognized as a practical tool in construction management due to its easy and trackable comparisons of time and
cost based on the plan (Czemplik, 2014).

The EVM technique utilizes two performance metrics - the schedule performance index (SPI) and cost performance index
(CPI) - for measuring time and cost, which are widely used in construction. To calculate the SPI, one uses the earned value
(EV) and planned value (PV) coefficients (SPI=EV/PV). The term EV refers to the budgeted cost or ‘'worth' of completed
work at any given time, while PV is the baseline of time or cost. Furthermore, the CPI is calculated by dividing the EV by
the actual cost (CPI=EV/AC). The term 'actual cost' represents the total amount spent on the project up until a given point in
time. A CPI (Cost Performance Index) or SPI (Schedule Performance Index) value below 1.00 indicates that the project is
behind schedule or over budget, indicating poor performance (PMI, 2005). As noted by Proafio-Narvaez et al. (2022), the
EVM (Earned Value Management) method utilizes two performance indicators, cost and time, to provide accurate monitoring
and evaluation of project progress. In addition to project progress monitoring, the EVM (earned value management) approach
can also predict the final cost and time required based on the data collected from previous projects (Barrientos-Orellana et al.,
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2022; Kim and Reinschmidt, 2010; Zahoor et al., 2022). As highlighted by Proafio-Narvaez et al. (2022), this quantitative
approach has significant potential to enhance cost and time performances during the construction process, enabling managers
to implement appropriate strategies.

2.3. Knowledge gap and research aims

Several studies have been conducted in construction to understand the critical factors that impact project performance.
These attempts have contributed significantly to the body of knowledge. Despite these studies, some points remain uncertain.
First, the studies mostly used a qualitative approach and surveyed construction experts to identify key performance indicators
(KPIs) (Amoatey et al. 2015; Egwim et al. 2021; Gunduz and Tehemar 2020; Johnson and Babu 2020; Mpofu et al. 2017;
Yehiel 2013). However, only a few studies analyzed real project time and cost data to explore crucial project performance
indicators (Kaming et al. 1997). Most KPIs are developed for general construction projects rather than specific ones (Heravi
and llbeigi, 2012; Kavuma et al., 2019; Nassar and AbouRizk, 2014; Xiao and Proverbs, 2003). Additionally, it is well-known
that the “Design-Bid-Build” delivery method is widely used, particularly in developing countries within public investment
projects, and has a negative impact on construction project performance (Calahorra-Jimenez et al., 2020; Minchin et al., 2013;
Nguyen et al., 2018). However, there have been no studies conducted to examine the underlying factors that cause project
performance for this particular contract type in construction. Moreover, the complexity of managerial and organizational
structures is emphasized to be another important attribute that affects the performance of construction projects (Ma and Fu,
2020). However, this point has yet to be evaluated in detail using empirical time and cost performance indicators. Despite
exploring the effect of project characteristics on performance through a questionnaire conducted with construction profes-
sionals (Cho et al., 2009), no studies have yet evaluated this point using empirical project time and cost data in conjunction
with these parameters. The unique characteristics of construction projects make it challenging to extract reliable main predic-
tors that significantly impact project performance. Forecasting project performance through a selection of reliable and specific
attributes is vital. Nevertheless, there is still a shortage of crucial predictors for construction project performance based on
project characteristics.

Therefore, the primary objective of this study is to bridge the gap by introducing a predictor model for special construction
projects delivered through the “design-bid-build” procurement method, using real and empirical performance indicators. The
purpose of this study is to examine the relationships among project characteristics, managerial and organizational complex-
ity/difficulty, and SPI and CPI in the proposed model.

3. Research methodology

A conceptual model was initially developed to establish a predictor model and demonstrate all connections between project
characteristics, managerial, and organizational complexity/difficulty with project performance. Next, by collecting data on
real and completed projects, a project database was established. The EVM approach was used to attain empirical indicators
for project performance. At the same time, a survey was conducted with construction experts, who participated in the man-
agement of all these projects, on managerial and organizational complexity/difficulty. The collected data from the projects
and survey were converted into a more structured format prior to analysis. By performing hierarchical regression model and
correlation analyses, our objective was to present a final predictor model that demonstrates important relationships between
project characteristics, managerial and organizational complexity/difficulty, and two distinct project performance metrics

(Fig. 1).
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Figure 1. Research methodology flow.

3.1. Conceptual model

Construction professionals and engineers need a more comprehensible way to visualize and evaluate critical project per-
formance factors. A conceptual framework should reflect all the necessary aspects, including the relationships between project
characteristics, managerial and organizational complexity, and project performance. To this end, we have developed a con-
ceptual model (Fig. 2) that demonstrates all related predictors for construction project performance. Regarding project char-
acteristics, several variables such as location (e.g., rural and urban), school type (e.g., high, secondary, primary, and pre-
school), the number of school classes designed, year of school construction, total construction area, project duration, and unit
cost (calculated by dividing total cost to total construction area) were taken into account. These are the primary indicators for
project performance in construction, which is reason for selection of these attributes. To measure the managerial and organi-
zational complexity of school projects, we surveyed construction experts working for the Ministry of Education and monitored
all construction processes of these school projects to ensure compliance with quality, time, cost, and other contractual require-
ments on behalf of this government institute. The schedule performance index (SPI) and cost performance index (CPI) were
used as the most reliable and accessible project performance indicators.

h 4

Project ]

| [rre— [ E
" Complexity *| Performance

Location L cmplexity J =
School Type Bl
Number of Classes
Year
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Project Duration
Unit Cost

Figure 2. Conceptual framework.

3.2. Data collection and regression analysis

Following the development of a conceptual model, we collected data related to 101 school construction projects in Turkey.
The data used in the study was taken from the construction works department of the Ministry of Education. These projects
were tendered through the “design-bid-build” contract type by the Ministry of Education of a developing country. In addition
to project characteristics, we gathered information on planned and final costs and time for each school construction project.
This data was used to calculate the SPI and CPI variables. Eleven construction experts were asked four different questions,
related to the managerial and organizational complexity of each school project. Managerial and organizational complexity
means that the difficulties encountered by the construction professionals during the related projects. The questions asked for
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a 5-Likert Scale form response (1 = very low, 5 = very high). The topics covered in these questions include the quality of
contractor organization, quality deficiencies, client satisfaction, as well as organizational and managerial difficulties observed
during school projects (Table 1). The construction experts were only responsible for filling out survey questions for the school
projects they had been assigned to. The database on the managerial and organizational difficulties of each school has been
completed. Regarding the project characteristics, some parameters such as location, school type, and year of construction
were coded in categorical form. However, the remaining project attributes, such as the number of classes, project duration,
unit cost, and total construction area, were used in continuous form. To calculate the managerial and organizational complexity
or difficulty score of each school project, the means of four ranked questions, as determined by the participants, were consid-
ered. As a result, only one continuous variable was included as the managerial and organizational complexity of each school
project in the final database.

Table 1. Construction professional information.

Participant Title Position Education Experience
level (year)
1 Civil Engineer Control Engineer M.Sc. 11
2 Mechanical Engineer Control Engineer M.Sc. 10
3 Mechanical Engineer Control Chief B.Sc. 15
4 Mechanical Engineer Control Chief B.Sc. 17
5 Architect Project Coordinator B.Sc. 22
6 Architect Project Chief M.Sc. 24
7 Civil Engineer Control Engineer B.Sc. 8
8 Architect Control Chief B.Sc. 16
9 Electrical Engineer Control Engineer M.Sc. 6
10 Civil Engineer Control Chief Manager B.Sc. 8
11 Survey Engineer Control Engineer B.Sc. 12

*B.Sc.= Bachelor of Science; *M.Sc. = Master of Science

We employed hierarchical regression model and Pearson’s correlation analysis to examine the direct and indirect relation-
ships between project characteristics, managerial and organizational complexity, and project performance. Correlation anal-
ysis provides empirical information about direct relationships between each attribute without any control variable, while re-
gression analysis can be used to observe direct and indirect associations from a broad perspective with control variables
(Reddy, 2019). In other words, by adopting a hierarchical regression model, we can interpret to which degree the new inde-
pendent variable influences the dependent variable under some control variables.

The primary reason for selecting the hierarchical regression model approach is that such a mathematical model provides
an opportunity for us to evaluate the power and interaction effects of predictors separately on the dependent variable
(Radmacher and Martin, 2001). The hierarchical regression model is constructed by step-by-step adding a new set of inde-
pendent variables (one or more than one) to the initial model, based on the hypothesized order. Independent variables from
the previous model become control variables in the new structured regression model. This allows observing the effect of
newly added predictor variables on the dependent variable, while controlling for other variables step by step. It facilitates
evaluating the indirect effect of one independent variable (e.g., managerial and organizational complexity) on dependent
variables (e.g., performance indicators) via another independent variable (e.g., project characteristics). This approach has been
implemented successfully for various purposes in the literature (Bringula et al., 2018; Haynes and Love, 2004; Leung et al.,
2017). Furthermore, as both categorical and continuous independent variables and continuous dependent variables are present,
the hierarchical regression model meets the requirements of the generated dataset for conducting the related analysis in the
current study (Leung et al., 2017).

4. Results
Table 2 presents the descriptive statistics of the collected school construction projects. The results show that most projects

have poor performance, with mean values of SPI and CPI below 1.00, based on diverse project characteristics. Only schools
constructed in rural areas showed slightly better schedule performance. Meanwhile, the unit costs of construction projects

Revista de la Construccion 2024, 23(2) 296-316; https://doi.org/10.7764/RDL.C.23.2.296 www.revistadelaconstruccion.uc.cl
Pontificia Universidad Catélica de Chile


https://doi.org/10.7764/RDLC.23.2.296
http://www.revistadelaconstruccion.uc.cl/

Revista de la Construccién 2024, 23(2) 296-316

302 of 316

range from $42.95 to $64.94 TL. Moreover, school construction exhibits a wide range of total construction area and duration

of projects.

Table 2. Descriptive statistics of school construction projects.

Mean
Project du-  Total meter square Unit cost SPI CPI
ration (TL)
Location Rural (n=35) 271.05 1259.29 1,897.23 1.003 0.978
Urban (n=66) 376.56 3678.45 2,143.12 0.925 0.985
School High (n=22) 454.76 6238.61 1,789.23 0.883 0.987
type Middle (n=21) 379.28 2916.38 2105.29 0.929 0.994
Primary (n=41) 312.31 2323.35 1959.03 0.981 0.978
Kindergarten (n=17) 265.55 1198.55 2979.71 0.917 0.987
Number of 24 (n=17) 479.67 7629.43 1307.92 0.898 0.995
classes 16 (n=21) 355.56 3161.87 1,746.63 0.990  0.984
12 (n=16) 406.12 2706.34 2,537.09 0.873 0.978
8 (n=21) 312.64 1952.83 2,647.40 0.961 0.979
less than 5 (n=26) 252.57 765.25 1,980.16 0.999 0.987
Year 2015- 2017 (n=42) 332.56 3452.51 1,287.23 0.976 0.980
2017-2020 (n=25) 293.38 2314.48 1,880.27 0.972 1.006
2020-2022 (n=34) 404.16 2252.93 2685.24 0.887 0.963

Note: TL =Turkish lira.

Pearson's correlation analysis was conducted to evaluate the strength and direction of association between every two factors
independently (Table 3). Control variables were not considered. The findings show that the location of school construction
projects has an influence on schedule performance (p = -0.332, p = 0.01) and is highly correlated with project duration (p =
0.368, p = 0.01). As expected, a significant correlation was found between project duration and SPI (p = -0.477, p = 0.01),
and between project duration and managerial and organizational complexity (p = 0.420, p = 0.01). Several project character-
istics such as location, school type, number of classes, and total construction area have a significant impact on the SPI and
managerial and organizational difficulties. Furthermore, a strong and negative correlation was observed between CPI and the
unit cost of projects (p =-0.323, p = 0.01). In regression models, a negative correlation or prediction coefficient indicates that
an increase in the unit cost or project duration results in a decrease in the cost and time performance.
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Table 3. Correlation analysis result.
Factors Loca- School Classes Year Total Project Unit Managerial CPI SPI
tion types area duration cost complexity

Location 1 -0.049 0.567** 0.182 0.406** 0.368** 0.096 0.337** 0.009 -0.332**
School types - 1 -0.418** 0.098 -0.449**  -0.399** 0.144 -0.323** -0.040 0.214*
Classes - - 1 -0.202*  0.740** 0.511** -0.244* 0.572** -0.024 -0.254*
Year - - - 1 -0.213* 0.141 0.806** -0.141 -0.052  -0.259**
Total area - - - - 1 0.502** -0.240* 0.404** -0.008  -0.305**
Project duration - - - - - 1 0.142 0.420** -0.187  -0.477**
Unit cost - - - - - - 1 -0.058 -0.323**  -0.082
Managerial - - - - - - - 1 -0.064 -0.1
Complexity
CPI - - - - - - - - 1 0.026
SPI - - - - - - - - - 1

*Correlation significant at the 0.05 level (two-tailed).
**Correlation significant at the 0.01 level (two-tailed).

The reliability of the collected dataset was assessed by conducting a multicollinearity test prior to performing hierarchical
regression analysis. The outcome of the multicollinearity test evaluates if the collected data is internally independent of each
other, a fundamental requirement of the hierarchical regression analysis (Vatcheva and Lee, 2016). For this purpose, the
Variance Inflation Factor (VIF) of each attribute should be less than 5. It indicates that the dataset is reliable and does not
have multicollinearity (Akinwande et al., 2015). The multicollinearity test results in this study indicate that almost all calcu-
lated VIF values are less than 3, and the remaining values lie between 3 and 5, which indicates that the dataset is reliable and
free of multicollinearity. These results are presented in the regression model result tables (Table 4-8).

The hierarchical regression analysis carried out on project characteristics and SPI revealed that the first (F (1,99) = 12.148,
p =0.001, R?=0.11) and second (F (2, 98) = 8.528, p < 0.001, R? = 0.15) models were significant predictors for project time
performance (Table 4). When other project characteristics, such as project duration and unit cost, are added to the existing
blocks, they significantly improve the prediction of schedule performance for school constructions in Model 1f (F (6,94) =
6.771, p < 0.001, R? = 0.304) and Model 1g (F (7,93) = 7.047, p < 0.001, R? = 0.349). For instance, Model 1g encompassing
all project characteristics explains 34.9% of the variance in the schedule performance of school constructions. The project
location (AR? = 0.11, p = 0.001) and duration (AR? = 0.07, p = 0.003) are the project characteristics that result in the most
significant decrease in predictive power for schedule performance. In contrast, the total area (AR? = 0.029, p = 0.061) has no
discernible effect on the prediction power of models for schedule performance.

The results of the hierarchical regression analysis for project characteristics and CPI show that only model 2g (F (7,93) =
4.577, p < 0.001, R? = 0.272), which includes all project characteristics, is a significant predictor of cost performance (Table
5). This significant predictive power comes from adding the cost unit factor (AR?=0.193, p < 0.001) to the existing block
model 2f, which negatively predicts the cost performance of projects. All project characteristics in Model 2g explain 27.2%
of the variance in the cost performance of school projects. In addition, although project duration has significant predictive
power for cost performance (AR? = 0.057, p = 0.019), this characteristic does not change the significant impact of Model 2f
in predicting cost performance (F (6,94) = 4.577, p = 0.382, R? = 0.065). Other project characteristics such as location (AR?
< 0.001, p = 0.929), school type (AR? = 0.002, p = 0.694), number of classes (AR?< 0.001, p = 0.967), year (AR? = 0.003, p =
0.605), and total area (AR? = 0. 002, p = 0.982) are not significant predictors of cost performance as they have a smaller
percentage of variance explaining cost performance and result in a smaller R? change for existing models.

The results of the regression models for project characteristics and managerial and organizational complexity/difficulty
show that the project characteristics that are location, school type, and number of classes in the first three models; Model 3a
(F(1,99) = 12.556, p = 0. 001, R? = 0.114), Model 3b (F (2,98) = 12.709, p < 0.001, R? = 0.208), and Model 3c (F (3,97) =
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16.322, p < 0.001, R? = 0.338) are the main predictors of the managerial and organizational complexity of school projects,
explaining 33.8% of the variance (Table 6). Although Model 3d, Model 3e, and Model 3g have a significant impact on pre-
dicting managerial and organizational complexity, the project characteristics included in these models, such as year (AR? =
0.002, p = 0.609), total area (AR? = 0.003, p = 0.484), and unit cost (AR? = 0.024, p = 0.063), are not decisive predictors of
managerial and organizational difficulties of school construction projects. Overall, all project characteristics in Model 19,
Model 2g, and Model 3g explain 34.9%, 27.2%, and 39.1% of the variances for schedule performance, cost performance, and
managerial and organizational difficulties, respectively.

The results of hierarchical regression analysis for project characteristics, complexity/difficulty, and SPI show that while
all project characteristics included in Model 4a/1g together are significant in predicting schedule performance (F(7,93) =
7.047, p <0.001, R? = 0.349), the addition of a new variable managerial and organizational complexity/difficulty (Model 4b)
does not make a significant contribution to the existing Model 4a/1g in predicting schedule performance (Table 7). The reason
for the poor contribution is that the managerial and organizational complexity/difficulty attribute provides a small R2 change
in Model 4b (AR? = 0.005, p = 0.400). A similar result was obtained in the regression model for project characteristics (Model
5b, managerial and organizational complexity/difficulty and cost performance), as the managerial complexity factor is not a
significant predictor of cost performance (Table 8). The addition of the managerial and organizational difficulty factor to the
existing Model 5a provides little R2 change in the prediction of cost performance (AR? = 0.001, p = 0.789).
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Table 4. Regression model for project characteristics and schedule performance index.
ANOVA
Model Project B SE B Sig. VIF R R? AR? F Sig.
characteristics
la Constant 1.086 0.037 - 0.000 0.332 0.110 0.110 12.148 0.001*
Location -0.074 0.021 -0.332 0.001* 1.000
1b Constant 1.015 0.049 - 0.000 0.387 0.150 0.039 8.528 0.000*
Location -0.072 0.021 -0.322 0.001 1.002
School type 0.026 0.012 0.198 0.037* 1.002
lc Constant 1.013 0.051 - 0.000 0.387 0.150 0.000 5.638 0.001*
Location -0.075 0.026 -0.335 0.006 1.573
School type 0.027 0.014 0.207 0.056 1.293
Number of classes 0.000 0.002 0.022 0.863 1.900
1d Constant 31.241 11.750 - 0.009 0.453 0.205 0.055 6.131 0.000*
Location -0.048 0.028 0.195 0.085 1.830
School type 0.024 0.013 0.198 0.081 1.302
Number of classes -0.002 0.002 -0.101 0.432 2.204
Year -0.015 0.006 -0.313 0.012* 1.213
le Constant 33.843 11.674 - 0.005 0.484  0.234 0.029 5.755 0.000*
Location -0.044 0.027 -0.198 0.110 1.841
School type 0.018 0.014 0.136 0.202 1.381
Number of classes 0.001 0.002 0.053 0.739 3.082
Year -0.016 0.006 -0.281 0.006 1.230
Total area -0.001 0.000 -0.263 0.061 2.368
1f Constant 23.838 11.661 - 0.044 0.551 0.304 0.070 6.771 0.000*
Location -0.039 0.026 -0.176 0.138 1.848
School type 0.009 0.013 0.068 0.515 1.448
Number of classes 0.002 0.002 0.141 0.366 3.192
Year -0.011 0.006 -0.195 0.054 1.338
Total area -0.001 0.000 -0.178 0.194 2472
Project duration -0.001 0.000 -0.340 0.003* 1.658
1g Constant 56.351 17.169 - 0.001 0.591 0.349 0.045 7.047 0.000*
Location -0.038 0.026 -0.168 0.144 1.849
School type 0.006 0.013 0.043 0.670 1.461
Number of classes 0.003 0.002 0.174 0.253 3.217
Year -0.027 0.009 -0.474 0.002 3.069
Total area -0.001 0.000 -0.162 0.223 2477
Project duration 0.000 0.000 0.390 0.001 1.713
Unit cost 0.001 0.000 0.369 0.013* 3.022

*The related new factor added to the model has a significant impact on the dependent variable
Note: Sig. = Significance; AR? = R? change; B = unstandardized coefficient; = beta coefficient F = F-test value; SE = standard error; VIF
= variance inflation factor.
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Table 5. Regression model for project characteristics and cost performance index.
ANOVA
Model Project B SE B Sig. VIF R R? AR? F Sig.
characteristics
2a Constant 0.986 0.025 - 0.000 0.009 0.000 0.000 0.008 0.929
Location 0.001 0.015 0.009 0.929 1.000
2b Constant 0.995 0.035 - 0.000 0.041 0.002 0.002 0.082 0.921
Location 0.001 0.015 0.007 0.945 1.002
School type -0.003 0.009 -0.040 0.694 1.002
2c Constant 0.995 0.036 - 0.000 0.041 0.002 0.000 0.055 0.983
Location 0.001 0.019 0.004 0.976 1.573
School type -0.003 0.010 -0.038 0.745 1.293
Number of classes 0.000 0.001 0.006 0.967 1.900
2d Constant 5.440 8.570 - 0.527 0.067 0.005 0.003 0.108 0.979
Location 0.004 0.020 0.031 0.825 1.830
School type -0.004 0.010 -0.043 0.714 1.302
Number of classes 0.000 0.002 0.023 0.878 2.204
Year -0.002 0.004 -0.058 0.605 1.213
2e Constant 5.977 8.663 - 0.492 0.086 0.007 0.002 0.141 0.982
Location 0.005 0.020 0.036 0.795 1.841
School type -0.005 0.010 -0.058 0.631 1.381
Number of classes 0.000 0.002 0.027 0.880 3.082
Year -0.002 0.004 -0.066 0.567 1.230
Total area -0.001 0.000 -0.083 0.600 2.368
2f Constant 0.053 8.809 - 0.995 0.255  0.065 0.057 1.076 0.382
Location 0.008 0.020 0.056 0.682 1.848
School type -0.010 0.010 -0.120 0.322 1.448
Number of classes 0.001 0.002 0.107 0.552 3.192
Year 0.000 0.004 0.013 0.911 1.338
Total area -0.001 0.000 -0.006 0.969 2.472
Project duration -0.001 0.000 -0.309 0.019*  1.658
29 Constant -43.870 11.944 - 0.000 0.508 0.272 0.193 4.577 0.000*
Location 0.006 0.018 0.041 0.739 1.849
School type -0.006 0.009 -0.069 0.525 1.461
Number of classes 0.000 0.002 0.038 0.813 3.217
Year 0.022 0.006 0.592 0.000 3.069
Total area 0.000 0.000 0.038 0.787 2477
Project duration 0.000 0.000 0.205 0.084 1.713
Unit cost 0.000 0.000 0.764 0.000* 3.022

*The related new factor added to the model has a significant impact on the dependent variable
Note: Sig. = Significance; AR? = R? change; B = unstandardized coefficient; B= beta coefficient F = F-test value; SE = standard error; VIF
= variance inflation factor.
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Table 6. Regression model for project characteristics and managerial complexity.
ANOVA
Model Project B SE B Sig. VIF R R? AR? F Sig.
characteristics
3a Constant 2.979 0.138 - 0.000 0337 0114 0.114 12.556 0.001*
Location 0.283 0.080 0.337 0.001*  1.000
3b Constant 3.389 0.178 - 0.000 0.456  0.208  0.094 12.709 0.000*
Location 0.270 0.076 0.322 0.001 1.002
School type -0.149 0.044 -0.307 0.001*  1.002
3c Constant 3.200 0.170 - 0.000 0581 0.338 0.130 16.322 0.000*
Location 0.042 0.087 0.049 0.636 1.573
School type -0.055 0.046 -0.113 0.235 1.293
Number of classes 0.028 0.007 0.497 0.000*  1.900
ad Constant 23.780 40.097 - 0.555 0.583  0.340  0.002 12.214 0.000*
Location 0.060 0.095 0.071 0.530 1.841
School type -0.057 0.046 -0.117 0.222 1.302
Number of classes 0.027 0.007 0.474 0.000 2.204
Year -0.010 0.020 -0.047 0.609 1.213
3e Constant 27.126 40.097 - 0.505 0.586  0.343  0.003 9.817 0.000*
Location 0.065 0.095 0.077 0.498 1.841
School type -0.065 0.048 -0.133 0.178 1.381
Number of classes 0.030 0.008 0.529 0.001 3.082
Year -0.012 0.020 -0.055 0.556 1.230
Total area -0.001 0.000 -0.090 0.484 2.368
3f Constant 49.314 41.619 - 0.239 0.606 0.367 0.024 9.006 0.000*
Location 0.054 0.094 0.064 0.568 1.848
School type -0.045 0.048 -0.093 0.351 1.448
Number of classes 0.027 0.008 0.477 0.002 3.192
Year -0.023 0.021 -0.106 0.269 1.338
Total area -0.001 0.000 -0.141 0.281 2.472
Project duration 0.001 0.000 0.201 0.046*  1.658
39 Constant 137.334 62.117 - 0.030 0.625 0391  0.024 8.439 0.000*
Location 0.058 0.093 0.070 0.531 1.849
School type -0.054 0.048 -0.111 0.263 1.461
Number of classes 0.029 0.008 0.050 0.001 3.217
Year -0.067 0.031 -0.308 0.033 3.069
Total area -0.001 0.000 -0.129 0.315 2477
Project duration 0.000 0.000 0.165 0.124 1.713
Unit cost 0.000 0.000 0.267 0.063 3.022

*The related new factor added to the model has a significant impact on the dependent variable
Note: Sig. = Significance; AR? = R? change; B = unstandardized coefficient; = beta coefficient F = F-test value; SE = standard error; VIF
= variance inflation factor.
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Table 7 Regression model for project characteristics, managerial complexity, and schedule performance index.
ANOVA
Model Performance Project characteristics B SE B Sig. VIF R R? AR? F Sig.
indicator

4allg SPI Constant 56.351 17.169 - 0.001 0.591 0.349 0.349 7.047 0.000*

Location -0.038 0.026 -0.168 0.144 1.849

School type 0.006 0.013 0.043 0.670 1.461

Number of classes 0.003 0.002 0.174 0.253 3.217

Year -0.027 0.009 -0.474 0.002 3.069

Total area -0.001 0.000 -0.162 0.223 2.477

Project duration -0.001 0.000 -0.390 0.001 1.713

Unit cost 0.001 0.000 0.369 0.013 3.022
4b SPI Constant 53.004 17.646 - 0.003 0.595 0.354 0.005 6.236 0.000*

Location -0.039 0.026 -0.175 0.131 1.857

School type 0.007 0.013 0.054 0.603 1.481

Number of classes 0.002 0.002 0.128 0.427 3.629

Year -0.026 0.009 -0.446 0.004 3.225

Total area -0.001 0.000 -0.151 0.261 2.505

Project duration -0.001 0.000 -0.405 0.000 1.758

Unit cost 0.001 0.000 0.344 0.023 3.138

Managerial and organizational 0.024 0.029 0.091 0.400  1.642

complexity

*The related new factor added to the model has a significant impact on the dependent variable
Note: Sig. = Significance; AR? = R? change; B = unstandardized coefficient; B= beta coefficient F = F-test value; SE = standard error; VIF = variance inflation factor.
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Table 8 Regression model for project characteristics, managerial complexity, and cost performance index.
ANOVA
Model Performance in-  Project characteristics B SE p Sig. VIF R R? AR? F Sig.
dicator

5a/2g CPI Constant -43.870 11.944 - 0.000 0.508 0.258 0.258 4.577 0.000*

Location 0.006 0.018 0.041 0.739 1.849

School type -0.006 0.009 -0.069 0.525 1.461

Number of classes 0.000 0.002 0.038 0.813 3.217

Year 0.022 0.006 0.592 0.000 3.069

Total area -0.001 0.000 -0.038 0.787 2.477

Project duration -0.001 0.000 -0.205 0.084 1.713

Unit cost -0.001 0.000 -0.764 0.000 3.022
5b CPI Constant -44.613 12.319 - 0.000 0.509 0.259 0.001 3.974 0.000*

Location 0.006 0.018 0.039 0.754 1.857

School type -0.006 0.009 -0.066 0.551 1.481

Number of classes 0.000 0.002 0.023 0.896 3.629

Year 0.023 0.006 0.601 0.000 3.225

Total area -0.001 0.000 -0.034 0.810 2.505

Project duration 0.001 0.000 -0.210 0.082 1.758

Unit cost -0.001 0.000 -0.773 0.000 3.138

Managerial and organizational 0.005 0.020 0.031 0.789 1.642

complexity

*The related new factor added to the model has a significant impact on the dependent variable
Note: Sig. = Significance; AR? = R? change; B = unstandardized coefficient; B= beta coefficient F = F-test value; SE = standard error; VIF = variance inflation factor.

Revista de la Construccion 2024, 23(2) 296-316; https://doi.org/10.7764/RDLC.23.2.296 www.revistadelaconstruccion.uc.cl

Pontificia Universidad Catdlica de Chile


https://doi.org/10.7764/RDLC.23.2.296
http://www.revistadelaconstruccion.uc.cl/

Revista de la Construccién 2024, 23(2) 296-316
310 of 316

5. Discussion

Several studies have focused on the underlying factors that influence project performance in the construction industry.
Most of these studies relied on subjective judgments and surveyed construction professionals or engineers. To date, there is
no detailed study on which and to what extent project characteristics are reliable factors in predicting construction project
performance. In addition, the impact of management complexity/difficulty on project performance has not been studied in
detail. Thus, the main purpose of this study is to introduce a predictive model based on project characteristics and organiza-
tional and managerial complexity by considering two important and empirical performance metrics, namely SPI and CPI.
Based on the results of hierarchical regression model and correlation analysis together, we developed the predictor model for
school construction projects delivered by "design-bid-build" contract type (Fig. 3).

According to the model, most project characteristics such as location, school type, project duration, unit cost, and year are
significant predictors of school construction schedule performance. Among these factors, particularly long project duration,
building schools in urban areas, and working on high school projects negatively affect the schedule performance of school
construction. Therefore, these attributes are included as critical predictors in the regression model. Although the long project
time is highly emphasized as a critical factor for schedule delays in previous studies (Cevikbas and Isik, 2021; Gunduz and
Elsherbeny, 2020), other factors such as the construction of school projects in urban areas and working on high school projects
are new findings of the current study in terms of effective predictors of project performance. The poor time performance in
the construction of high schools could be related to the design complexity of these projects due to the requirements of labor-
atories and other facilities (e.g., conference halls, gymnasiums, and dining halls) (Chan et al., 2004; Egwim et al., 2021). On
the other hand, only the unit cost factor is a strong predictor of both cost and time performance in school construction projects.
The negative effect of year and unit cost is due to the high inflation rate in Turkey, especially after 2018. The unit cost in
building construction in Turkey increases by 45% every year (Turkish Statistical Institute, 2022). Thus, we can conclude that
the high inflation rate, especially in developing countries, could have a significant impact on the poor time and cost perfor-
mance observed in construction.

The results also show that project characteristics such as location, school type, number of classes, and project duration are
significant predictors of the managerial and organizational complexity/difficulty of school construction. In particular, schools
built in urban areas have to be designed for high capacity, which increases the complexity of the projects. The number of
classes and other facilities also increases with this condition. All these factors also stimulate the project duration of school
construction. Therefore, we can conclude that there is a snowball effect of project characteristics to each other, leading to
management and organizational difficulties for practitioners. This kind of domino effect is also emphasized for quality defi-
ciency-based attributes that cause cost overruns in construction (Kazar et al., 2022). On the other hand, year of construction
and unit cost do not have a significant impact on managerial and organizational difficulties in school construction. As men-
tioned before, unit cost and year are positively correlated with each other due to the high inflation rate in Turkey (Turkish
Statistical Institute, 2022).

On the other hand, there is no significant and direct relationship found between project performance (e.g., time and cost)
and managerial and organizational difficulties according to both hierarchical regression model and correlation analysis. Nev-
ertheless, we can observe the indirect relationship between schedule performance and managerial and organizational com-
plexity because project characteristics such as location, school type, and project duration have a similar and common impact
on them separately. Thus, we can understand that as the project duration increases, construction management becomes more
difficult for construction professionals and engineers. In addition, the construction of more complex school projects, such as
high schools in urban areas, makes it more difficult to manage the construction process. Overall, the project characteristics of
project duration, school type, and location are significant predictors of schedule performance and management difficulties,
and only unit cost has a direct and significant impact on school construction cost performance (Fig. 3).

According to the results, attributes such as location, school type and project duration are common and major predictors of
time and cost overruns in school construction projects (model 4 and 5). In particular, location (urban vs. rural) and project
duration have a significant impact on project performance. The construction of a school in a rural area and long project
durations lead to higher risks for the performance of school projects.
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Figure 3. Predictor model for project performance of school constructions.

Design-bid-build is the traditional procurement method for school construction, especially in developing countries. The
weaknesses of this type of contract in project performance are well known, and it is essential to make improvements in this
type of procurement. Contractors especially for public investments are selected only on the basis of low bid criteria without
considering other factors in the "design-bid-build" tendering method in Turkey. However, qualification-based selection
(@BS), which focuses on all aspects of contractors such as past performance, technical suitability and resources instead of
considering only cost bids, should be integrated into the design-bid-build procurement type. For example, contractors selected
on the basis of QBS have been found to be more successful in terms of cost and time performance (Molenaar et al., 2010;
Perrenoud et al., 2017).

The current study has some limitations. First, the relevant project information was collected in Turkey, so a similar ap-
proach should be adopted in other developing developed countries. Secondly, comparisons should be made between devel-
oped and developing countries in terms of performance predictors. New and more empirical performance measures such as
quality, satisfaction, and safety scores should be included to obtain more reliable results on the predictors. A similar approach
can also be implemented for other procurement types, such as design-build, construction management, and build-operate-
transfer, to explore key predictors of project performance. It can also be used to compare contractor performance using em-
pirical performance measures such as SPI and CPl. Mediator analysis can be performed to evaluate the mediating effects of
managerial and organizational difficulties on project performance. All these shortcomings can be addressed in detail in future
studies.

6. Conclusion

A number of studies have attempted to identify the most critical parameters that influence project performance in the
construction industry. Although these attempts have made significant contributions to the body of knowledge, they have
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mostly relied on subjective assessment through a questionnaire administered to construction stakeholders. On the other hand,
focusing on the empirical data of specific construction projects delivered through the traditional approach allows us to explore
new and reliable predictors to be used by construction professionals. To systematically visualize these predictors, we perform
hierarchical regression and correlation analysis together and present a framework. The conclusion of this paper can be de-
scripted as below:

1) The project characteristics such as location, school type, and project duration have a significant impact on project
performance and management difficulties in school construction.

2) A snowhball effect of project characteristics on managerial and organizational complexity/difficulties is also found in
the current study.

3) We also observed the indirect relationship between managerial and organizational difficulties and project schedule
performance.

Poor time and cost performance, especially in design-bid-build projects, is still one of the major challenges in construction
and no serious solutions have been introduced yet. QBS-based design-bid-build delivery method could provide benefits for
construction decision makers and practitioners to improve the performance of construction projects contracted by government
institutions. By considering the results, time and cost overruns can be estimated at the design phase. Also, QBS-based pro-
curement system considers all capabilities such as past performance, technical and resource capacity of contractors instead of
considering only the lowest bid. Another recommendation is to develop a data management system to monitor and evaluate
project performance during the construction process. Such a database could also be used to predict the time, cost and quality
performance of future similar constructions. The predictors can also be useful for risk and quality management processes to
get the right actions when an unexpected situation occurs. Based on these predictors, an artificial intelligence (Al)-based
predictive model can be easily developed. In the future, prediction will be more important to evaluate potential risks and
reasons for poor performance in construction, so it is very important to focus on more reliable and accurate predictors during
estimation and monitoring processes.
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