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Abstract: Given that project selection is a vital and recurring strategic decision for construction firms,
there is a sizeable collection of studies that examine the factors affecting contractors’ decision to bid
(d2b). With the aim to provide a global perspective of factors affecting contractors’ d2b, this study
meta-analytically reviews 24 relevant studies published between 1988 and 2021. The results show
that that there are 28 critical factors, and the top five factors are (i) project payment terms, (ii) financial
capacity of client, (iii) client’s reputation in the industry, (iv) the history of client’s payments in
the past projects, and (v) project size. The heterogeneity test results, which show no statistically
significant heterogeneity across the included studies, reinforce the generalisability of the findings to
a global context. The research findings have practical implications for construction clients in their
procurement of construction services, highlighting the importance of good reputation and payment
history. For contractors, they now have access to a list of critical factors from a global perspective in
facilitating their d2b decision. There are methodological implications for the research community in
guiding future efforts in replicating studies.

Keywords: competitive bidding; decision to bid; factor; global; meta-analysis; project selection

1. Introduction

In competitive bidding, the decision to bid (d2b) (also known as project selection,
pre-bid analysis, project screening or bid/no-bid decision) is a vital and recurring strategic
decision for construction firms. This is because most contractors obtain a large portion of
their jobs through competitive bidding and they only win a proportion of the jobs they bid
for [1,2]. Contractors are selective in their d2b and the decision-making process is complex
and challenging because on one hand failing to bid for a ‘right’ project results in the loss of
opportunity to realise the potential profit and, on the other hand, submitting non-winning
bids in response to clients’ tender invitations is sometimes said to be costly and may have a
negative impact on a firm’s reputation [3]. It should be noted that the added complexity in
a d2b process is evidenced in contractors’ submission of a non-competitive bid or non bona
fide bid instead of rejecting a bidding opportunity [4]. The possible reasons for contractors’
submitting a non-competitive bid include that they want to (i) obtain information about
current market conditions, (ii) show that they are still in the market, (iii) make it more
difficult for competitors to determine their strategy, and (iv) deny their competitors the
chance of entering the competition in their place; also, their failure to bid will prejudice
future bidding opportunities [4,5].

Given the complexities involved in contractors’ d2b, previous studies may be classified
into two categories. First, there is a sizeable collection of studies aimed at identifying
and determining the importance of possible factors affecting contractors’ d2b. These
studies were conducted in different countries, mainly using questionnaire surveys for
data collection. Next, the second category consists of various d2b models developed to
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offer contractors decision support systems in facilitating their decision making (e.g., [6–8]).
Unfortunately, it has been reported that contractors do not use, or have made minimal use
of, such models for different reasons [9,10]. This study focusses on the first category of
studies on factors affecting contractors’ d2b. Although there is a sizeable collection over the
last 30 years or so, there is little consensus on the critical factors affecting contractors’ d2b
given the disparate state of existing findings. A statistical meta-analysis is warranted and
imperative to shed light on the critical factors affecting contractors’ d2b. Meta-analysis is a
robust statistical approach for an orderly summarisation of studies so that knowledge can
be extracted from the myriad individual studies [11,12]—that is, to estimate the combined
effect (outcome) of individual studies and ascertain the precision of that estimate [13].
With the aim to provide a global view of factors affecting contractors’ d2b, this study
meta-analytically reviews the relevant studies over the last 30 years or so. In achieving the
research aim, a statistical analytical method was used to achieve the two specific objectives,
namely: (i) the identification and evaluation of the importance of critical factors affecting
contractors’ d2b, and (ii) the assessment of the generalisability of findings of the meta-
analysis. The findings clearly have implications to industry stakeholders. For construction
clients, an understanding of critical factors affecting contractors’ d2b would enable them
to fine-tune their procurement design. Contractors, on the other hand, would be able to
consider the critical factors in the formulation of their d2b strategies. This understanding is
especially valuable to new market entrants or contractors interested in global construction
markets [14–16].

2. Factors Affecting Contractors’ Decision to Bid

Despite the evolvement of different procurement routes over the years, competitive
bidding remains the most common method of job distribution in the construction indus-
try [2,17]. It is concerned with contractors making strategic decisions in respect of (i) project
selection—whether to bid for a job, and (ii) determination of the mark-up for their bid if
they opt to bid [18]. With limited response time to any bidding opportunities, contractors
need to concentrate their bidding efforts on bidding opportunities that assist in satisfying
their firms’ objectives. The construction industry has been characterised by substantially
lower mark-ups compared to other industries because of highly competitive business envi-
ronments [15,19] and unfortunately, the industry has a high rate of business failures [20].
Thus, there is a consensus that the primary objective of a construction firm has been said
to be in its continued existence and further development [21,22]. In line with individual
firms’ objectives, there are specific objectives for contractors’ project selections or d2b [18]:
(i) a monetary objective to achieve the desired change in levels of monetary resources
(i.e., profit or profitability of project); (ii) non-monetary objectives including to keep the
resources occupied, to serve the client well, and to maintain and improve quality and
services; and (iii) market-related objectives, including to increase market share, to stay in
existing markets to penetrate new markets, and to increase publicity.

In meeting individual firms’ specific project selection objectives, it is expected that
d2b strategies vary from contractor to contractor, and that their strategies depend on many
individual firm-specific characteristics [23]. For example, contractors will avoid contracts
that are too large for their firm size, and that are beyond their experience and normal
geographical location of operation, and contracts that are likely to stretch their available
resources, including cash [24]. Male [25,26] suggests that contractors define a strategic
domain establishing the market dimensions within which they plan to operate and compete
for work. The strategic domain can be defined by a set of parameters including degree of
complexity and project size, type of contractual arrangement, and geographical area [27].
In modelling contractors’ d2b, Oo et al. [23,28] have applied the notion of heterogeneity,
i.e., construction firms respond differently in terms of both their (i) intrinsic bid/no-bid
preferences and (ii) responses to the given set of factors affecting their d2b. In other words,
individual contractors exhibit different degrees of preference or sensitivity towards the
factors affecting their d2b. There is a sizeable collection of replicated studies that examine
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contractors’ responses to factors affecting their d2b since the pioneering work by Ahmad
and Minkarah [29]. While not specifically derived based on any theoretical notions, this
collection of studies has reported the differences in contractors’ responses mainly via
grouping and/or ranking of d2b factors in accordance with their level of importance.

Next, this collection of replicated studies was conducted in construction industries
of different countries using a long list of factors affecting contractors’ d2b (for e.g., as
many as 94 factors in [30]). Although there is substantial evidence on the varying levels of
importance or emphasis on individual factors among the study respondents, it is neither
possible nor justified to draw conclusions on what are the most critical factors affecting
contractors’ d2b when the replicated studies are treated individually. Thus, it is not possible
to provide a global view of critical factors affecting contractors’ d2b despite the existence
of this sizeable collection of studies. This paper aims to address this research gap by
meta-analytically reviewing the relevant studies using a statistical approach.

Why Meta-Analysis?

Glass [11] coined the phrase meta-analysis and outlined its essential characteristics.
He refers to meta-analysis as “the analysis of analyses . . . the statistical analysis of a large
collection of analysis results from individual studies for the purpose of integrating the
findings” (p. 3). With reference to the vast amount of educational research, he advocated
that new methods of discovering knowledge in ‘findings’ or ‘results’ of individual studies
are needed when there is a sign of maturity of research efforts. Meta-analysis has been used
in many different fields of scholarly work, which was referenced by Shadish and Lecy [31]
as the ‘meta-analytic big bang’ that occurred in the 1970s. They found that the application
of meta-analysis has been prevalent in social sciences, medicine, and education.

While construction management research is considered rather new since its emergence
in the 1970s, Kenley [32] opined that it is reaching a point where there is an increasing need
to perform meta-analysis on testing the existing models or results of replicated research
studies. This would offer the research community an appraisal of what is currently known,
including: (i) the identification of trends and new relationships via repeated observation
in replicated studies; (ii) the potential to draw conclusions not supported by individual
studies; and (iii) the development of an international perspective on a subject matter [32].
The other important role of meta-analysis is in documenting rigorous methodology in
replicated studies so that meta-analysis can take place in the future, as well as to guide
future research efforts [32–34]. There are clear signs of maturity of research efforts on some
construction management research areas as evidenced by the application of meta-analysis
in recent literature. For example, Alruqi and Hallowell [35] identified the critical leading
indicators for construction safety; Sanni-Anibire et al. [36] provided a global view on causes
of delay in construction projects; Hussien and Zayed [34] examined the critical success
factors for just-in-time application in modular integrated construction; and Adebowale
and Agumba [37] identified the critical factors affecting labour productivity of small and
medium-sized construction firms in developing countries. In construction bidding research,
Oo et al. [16] opined that the large collection of replicated studies on factors affecting
contractors’ bidding decisions have prompted the maturity of research efforts and the need
for meta-analysis. They performed a meta-analysis in identifying and ascertaining the
importance of 23 critical factors affecting mark-up size of construction projects based on a
collection of relevant studies conducted in different countries. Their study was considered
the closest to this study in which the focus here is on factors affecting contractors’ d2b.

3. Research Method

There are challenges in the application of meta-analysis, and thus there is a need to
address them in the design and conduct of the study. The main challenge is to minimise the
risk of bias associated in the three key processes, namely the selection of relevant studies,
the data extraction, and the application of statistical meta-analysis methods [38,39]. Various
strategies have been adopted in these processes in the present study, as detailed next.
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3.1. Selection of Relevant Studies

The selection of relevant studies followed the widely accepted Preferred Reporting
Items for Systematic Review and Meta-Analyses (PRISMA) guidelines in Moher et al. [40].
Figure 1 shows the PRISMA four-phase flow diagram in screening and selecting the relevant
studies in the systematic review process. In the first phase of identification, it started with a
keywords-based search on two key databases that have been widely used in systematic
construction management review research, namely Scopus and Web of Science. The use
of two databases helped to ensure a comprehensive coverage and the Endnotes software
was used in managing the retrieval of relevant studies. In performing the search on ‘article
title, abstract, and keywords’ in the databases, the advanced search tools in the databases
were applied by utilising Boolean operators (AND, OR). The keywords used include
‘construction’, ‘contractor’, ‘construction project’, ‘factor’, ‘bid or no-bid’, ‘decision to bid’,
‘bid decision’, ‘project selection’, and ‘tender selection’. Upon the removal of duplicates,
a total of 242 studies were examined based on titles and abstracts in the screening phase.
Of these, 41 relevant studies were identified as the starting set for the subsequent full-text
evaluation in the eligibility phase.
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An MS Excel spreadsheet was used to perform a structured full-text evaluation pro-
cess by recording the relevant details including the authors’ names, publication types,
publication years, countries or locations of study, types of project examined (e.g., general
building, civil engineering, or international project), data collection and measurement tech-
niques, sample sizes, number of factors examined, and identities of sample respondents.
For studies with missing details, the authors attempted to consult the respective authors.
Furthermore, manual searching was essential in this eligibility phase to minimise possible
bias arising from missing relevant studies in the selection process [41]. The manual search
process commenced by searching references from the included studies (i.e., the starting set
of 41 studies). The consecutive steps to increase and refine the yield of manual searching



Buildings 2022, 12, 379 5 of 20

involved tracking ‘related articles’ and ‘cited by’ articles using the identified references
in the Google Scholar search engine and requesting the full texts via interlibrary loans
as required. An additional 17 references were obtained via manual searching and these
references were subjected to full-text evaluation for eligibility. The spreadsheet enabled
a comprehensive review of the studies for identifying the dominant research focus and
statistical measurement technique. A total of 24 studies were selected for the meta-analysis
based on the following inclusion criteria:

• Study that focused on factors affecting contractors’ d2b;
• Study that focussed on general building and civil engineering projects;
• Sufficient statistical data was available for conducting meta-analysis (i.e., mean scores

or Relative Importance Index (RII));
• No restriction regarding location of study, publication year, or publication type; and
• Only one study was selected when there were duplicating studies.

It should be noted that relevant studies from the same country or location have been
included to minimise the risk of bias in the selection [42]. For example, there are four
studies from Nigeria that were conducted at different time points, and two from the Gaza
Strip with different groups of respondents (see Table 2).

3.2. The Data Extraction Process

In performing the data extraction process as illustrated in Figure 2, spreadsheets were
used to record the list of factors and to perform the calculations or conversions as the data
needed for meta-analyses are often reported in diverse formats [43]. It started with the
conversion or calculation of the RII (i.e., the effect size) for individual factors. The equation
of RII is given below:

RII = ∑ w
(A ∗ N)

where ∑ w is the weighting given to each factor by respondents, A = highest weight in the
Likert scale, and N = total number of respondents. The minimum and maximum RII values
are between 0 and 1, respectively. A higher RII value indicates that a particular factor
is more important than those with lower RII values. There is a collection of studies that
reported RII in percentage terms and thus there was a need to convert RII in percentages
into indices by dividing them with a constant of 100. Next, about half of the included
studies reported mean scores for individual factors and the calculations involved dividing
the mean scores with the number of points used for the Likert scale in the respective
studies (ranges from 1 to 7). The consecutive step involved the selection of factors for
the meta-analysis. There were 1006 factors from the included studies and a master list
of 264 factors was used for data extraction upon the removal of duplicates. In the data
extraction process, the RII of individual factors from the included studies were recorded
using different columns on a spreadsheet. Each column represents a sample set (or sample
population) and there are 25 sample populations from the 24 included studies—that is, a
total frequency of 25 if an individual factor has been examined in all sample sets.



Buildings 2022, 12, 379 6 of 20

Buildings 2022, 12, x FOR PEER REVIEW 6 of 22 
 

It should be noted that there are 25 sample populations because there are 14 publica-
tions that examined responses from different groups of respondents in their studies, cre-
ating subgroups of respondents. Of these, two publications reported statistically signifi-
cant differences between their subgroups of respondents (S4 and S16 in Table 2). These 
subgroups were treated as independent, giving rise to two additional sample sets for the 
meta-analysis purpose. Next, the data from two publications (S17 and S20 in Table 2) were 
combined as they were obtained from the same study (i.e., single sample population). 
These two publications focussed on external and internal factors affecting d2b, respec-
tively. Indeed, Li et al. [43] pointed out that individual studies, rather than reports or pub-
lications, should be the unit of interest in a systematic review where multiple publications 
of the same study need to be identified and combined for the data extraction process.  

Of the 264 factors, the recorded frequencies range between 1 and 24. The recorded 
maximum of 24 means that there is no single factor that has been examined in all 25 sam-
ple sets. Additionally, there are 200 factors with recorded frequency of five or less, which 
indicates these factors were examined in five or less sample sets. While it is possible to 
perform a meta-analysis on individual factors with at least two RII values (at least two 
sample sets), it is more reasonable to focus on critical factors that have been examined in 
most of the sample sets. In this, a cut-off point of 11 (i.e., the median of frequency) was 
used and 28 factors with a frequency count equal to or greater than 11 were selected, giv-
ing rise to a total of 440 RII values (raw data points) for statistical meta-analysis. 

 
Figure 2. The data extraction process for selecting factors to be included in the meta-analysis. 

3.3. Statistical Meta-Analysis Using Random-Effects Model 

Figure 2. The data extraction process for selecting factors to be included in the meta-analysis.

It should be noted that there are 25 sample populations because there are 14 pub-
lications that examined responses from different groups of respondents in their studies,
creating subgroups of respondents. Of these, two publications reported statistically signif-
icant differences between their subgroups of respondents (S4 and S16 in Table 2). These
subgroups were treated as independent, giving rise to two additional sample sets for the
meta-analysis purpose. Next, the data from two publications (S17 and S20 in Table 2)
were combined as they were obtained from the same study (i.e., single sample population).
These two publications focussed on external and internal factors affecting d2b, respectively.
Indeed, Li et al. [43] pointed out that individual studies, rather than reports or publications,
should be the unit of interest in a systematic review where multiple publications of the
same study need to be identified and combined for the data extraction process.

Of the 264 factors, the recorded frequencies range between 1 and 24. The recorded
maximum of 24 means that there is no single factor that has been examined in all 25 sample
sets. Additionally, there are 200 factors with recorded frequency of five or less, which
indicates these factors were examined in five or less sample sets. While it is possible to
perform a meta-analysis on individual factors with at least two RII values (at least two
sample sets), it is more reasonable to focus on critical factors that have been examined in
most of the sample sets. In this, a cut-off point of 11 (i.e., the median of frequency) was
used and 28 factors with a frequency count equal to or greater than 11 were selected, giving
rise to a total of 440 RII values (raw data points) for statistical meta-analysis.
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3.3. Statistical Meta-Analysis Using Random-Effects Model

One goal of a meta-analysis will often be to estimate the overall or combined effect
or effect summary (es) that summarises the individual effect sizes (outcomes) from all
included studies [44]. In the present study, the effect sizes are RII for the 28 factors collected
from the relevant studies. In a meta-analysis, the focus is to compute a weighted mean,
with more weight given to some studies and less weight given to others, rather than
to compute a simple mean of the effect sizes since some studies are more precise than
others [13]. This study used the inverse-variance method, which is the most common and
simple weighting scheme in meta-analysis that involves assigning weights to each study
based on the inverse of the overall study error variance (i.e., 1/variance) [45]. For model
specification, the two popular statistical models for meta-analysis are the fixed-effect model
and the random-effects model. These two models make different assumptions about the
nature of the selected studies, and these assumptions give rise to different definitions for the
combined effect or effect summary, and different mechanisms for assigning weights [44].
In a fixed-effect model, it is assumed that all included studies share a common (true)
effect size [13]. However, Borenstein et al. [44] point out that “this assumption may be
implausible in many systematic reviews, when we decide to incorporate a group of studies
in a meta-analysis, we assume that the studies have enough in common that it makes
sense to synthesise the information. However, there is generally no reason to assume
that they are “identical” in the sense that the true effect size is exactly the same in all the
studies” (p. 105). For a random-effects model, on the other hand, the true effect could vary
from study to study. For example, in the context of the present study, the effect size (RII)
might be a higher or lower if the respondents are more experienced, or more successful
in past bidding attempts, or if the effect was measured more reliably. Thus, it would be
expected that the effect size (RII) would be ‘similar but not identical’ across the selected
studies. In a meta-analysis of factors affecting contractors’ mark-up decisions, Oo et al. [16]
opined that the magnitude of the importance of individual factors may vary depending
on firm size, market conditions, the location of study, the respondent’s experience, and
many other factors, which are likely to vary from study to study. Logically, such factors
do exist and may lead to variations in the magnitude of the effect size [13,44]. Indeed,
Borenstein et al. [13,44] further point out that it is very hard, if not impossible, to assess
or know which factors are related to the effect size obtained from the included studies.
Hence, a random-effects model would be a more appropriate choice in most meta-analyses
since it is more likely to fit the actual sampling distribution, and it allows the findings
to be generalised to a wider array of situations [13]. The latter suggests that the findings
in this study could be generalised to construction industries in different countries, thus
providing a global view of the subject matter. The meta-analysis was performed using MS
Excel spreadsheet guidelines prepared by Borenstein et al. [44] and Neyeloff et al. [46]. The
use of MS Excel for meta-analysis is an affordable and easily accessible option, despite the
availability of some free or commercial software packages on meta-analyses, which might
be too complex and inflexible [46]. Table 1 shows the details of the steps and equations
applied in the meta-analysis for all 28 factors.
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Table 1. Steps in the meta-analysis.

Step Abbrev. Equation

1 Calculate the effect size of individual factors (i.e., the RII). es

2 Calculate the standard error. SE
SE = es√

es×n
n = sample size

3 Compute the within-study variance. Var Var = SE2

4 Calculate the individual study weight. w w = 1
SE2

5

Compute the total variance, Q (within-studies variance plus
the between-studies variance). The Q statistic is a measure of
heterogeneity across selected studies. It is distributed as a
chi-square statistic with k (number of studies)-1 degree of
freedom.

Q Q = ∑
(
w× es2)− [∑(w×es)]2

∑ w

6

Compute I2, an alternative measure to quantify heterogeneity
in percentage, providing a measure of the degree of
inconsistency in the studies’ results [47]. Negative values of I2

are put equal to zero so that I2 lies between 0% and 100%. A
value of 0% indicates no observed heterogeneity, and larger
values show increasing heterogeneity.

I2 I2 =
Q−d f

Q × 100

7 Compute the between-studies variance. v

v =
Q−d f

∑ w−
(

∑ w2
w

) i f Q > d f

v = 0, i f Q ≤ d f
df = degrees of freedom, k
(number of studies) − 1

8 Calculate the new weight of individual study under the
random-effects model specification. wv wv = 1

SE2+v

9 Calculate the effect summary (i.e., weighted RII) using the
new weight from step 8. esv esv = ∑(wv×es)

∑ wv

10 Compute the standard error of effect summary and the 95%
confidence intervals. SEesv

SEesv =
√

1
∑ wv

Lower limit =
esv − 1.96× SEesv

Upper limit =
esv + 1.96× SEesv

11 Compute the Z-score for testing the null hypothesis on the
effect summary, esv = 0. Zesv Zesv = esv

SEesv

12 Repeat steps 5 and 6 using the new weight from step 8 for
testing the null hypothesis on the heterogeneity, Qv = 0. Qv and I2

Source: [16].

4. Results

Table 2 shows the 24 studies published between 1988 and 2021 that have been included
in the meta-analysis. As pointed out before, there are 25 sample sets based on these
24 studies. Data were collected using questionnaires in all studies, which were distributed
by post, electronically, or by hand delivery to the targeted respondents. One of the studies
is the pioneering work (i.e., S1) by Ahmad and Minkarah [29], which has been replicated
across a period of over 30 years as captured in the systematic review process in this study.
However, it should be noted that no study between 1998 and 2007 (i.e., a gap of 9 years
between S3 and S4) has been included. While a few studies between these years were
identified in the review process, they were excluded for not meeting the inclusion criteria.
For example, Fayek et al.’s [48] study in Canada has not provided sufficient statistical data
(only the factor ranking was reported), Lowe and Parvar’s [7] study using case studies in
the UK was grouped in an incomparable way that is not possible for conversion into RII,
and Wanous et al. [6] have not reported the required statistical data for RII computation for
182 projects in Syria that were used in their modelling attempt.

In terms of publication type, most studies are journal articles with a combined sample
size totalling 2031. The number of survey respondents ranges between 22 and 169, with
an average of 84 respondents per study. Most of the respondents were local contractors
of different scales, whom the authors have classified into small, medium, and large con-
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tractors based on the relevant local contractors’ registry system. Two studies included
consultants and clients in their survey (i.e., S7 and S21), which provides another perspective
in understanding the factors affecting contractors’ d2b. Next, the number of factors exam-
ined ranges between 15 and 94 with an average of 42 factors per study. Additionally, an
attempt has been made to classify the studies based on their location using the World Bank
country classification system by income [49]. There is a good mixture of lower-middle-,
upper-middle-, and high-income countries among the included studies.

In presenting the meta-analysis results of the 28 factors, first, Table 3 shows the
weighted RII and ranking of individual factors obtained from the meta-analysis, together
with their ranking based on frequency of occurrence (out of 25 sample sets). These fac-
tors are classified into five categories, namely project characteristics, firm-related factors,
tendering situation, client-related factors, and economic situation. Of these, the ‘project
characteristics’ category has the highest number of factors often. The two ranking ap-
proaches clearly demonstrate that the frequency of occurrence of an individual factor in
the literature may not necessarily reflect its importance level. For example, all three client-
related factors are among the top five factors based on their weighted RII obtained from
the meta-analysis. By contrast, these three factors have recorded rather low frequencies
of occurrence and ranked outside the top five. Similarly, there is a stark difference in both
rankings for other factors including project payment terms (F1.9), project location (F1.2),
project duration (F1.3), number of bidders (F3.1), and availability of equipment (F5.1). A
further comparison of the top five factors in the two rankings reveals that ‘project size
(F1.1)’ is the only factor that ranked in the top five in both rankings. It should also be noted
that a precise ranking is not achievable based on the recorded frequencies when there are an
identical number of occurrences. Indeed, these stark differences in both rankings provide
a strong support for performing statistical meta-analysis in ascertaining the importance
of individual factors with certainty (i.e., the estimate of effect size—weighted RII with
confidence intervals). Based on the weighted RII, the top five factors are project payment
terms (F1.9), financial capability of client (F4.1), client’s reputation in the industry (F4.2),
the history of client’s payments in past projects (F4.3), and project size (F1.1).
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Table 2. Studies included in the meta-analysis.

ID in Meta-Analysis Reference Publication Type Pub. Date Location of Study World Bank Classification Sample Size No. of Factors Respondents

S1 Ahmad 1988 (US) [29] Journal 1988 US High income 90 31 Top contractors
S2 Shash 1993 (UK) [50] Journal 1993 UK High income 85 55 Top contractors
S3 Wanous 1998 (SY) [51] Conference 1998 Syria Low income 61 38 Contractors registered on local registry

S4 Egemen 2007 (TR) (S) and (M) [52] Journal 2007 Northern Cyprus
and Turkish

High income (Cyprus), Upper
middle income (Turkey) 80 a 83 Small (38) and medium (42) contractors

S5 Bageis 2009 (SA) [53] Journal 2009 Saudi Arabia High income 91 b 87 Small, medium and large contractors
S6 Enshassi 2010 (PS) (I) [30] Journal 2010 Gaza strip Lower middle income 77 b 94 Three different grades of contractors
S7 Enshassi 2010 (PS) (II) [54] Journal 2010 Gaza strip Lower middle income 104 b 78 Owners (28), contractors (65) and consultants (11)
S8 Asuquo 2012(NG) [55] Journal 2012 Nigeria Lower middle income 64 b 20 Small, medium and large contractors
S9 El-Mashaleh 2013 (JO) [56] Journal 2013 Jordan Upper middle income 43 53 Large contractors
S10 Jarkas 2014 (QA) [57] Journal 2014 Qatar High income 92 b 43 Three different grades of contractors
S11 Lesniak 2015 (PL) [58] Journal 2015 Poland High income 61 b 16 Micro, small and medium contractors
S12 Oyeyipo 2016 (NG) [59] Journal 2016 Nigeria Lower middle income 50 b 48 Indigenous (39) and expatriate (11) contractors
S13 Shokri-Ghasabeh 2016 (AU) [60] Journal 2016 Australia High income 81 b 26 Small, medium and large contractors
S14 Olatunji 2017 (NG) [61] Journal 2017 Nigeria Lower middle income 64 41 Indigenous contractors SMEs

S15 Marzouk 2018 (EG) [62] Journal 2018 Egypt Lower middle income 22 b 38 Three different groups of contractors based on
average job size

S16 Zhang 2018 (CN) (M) and (L) [63] Thesis 2018 China Upper middle income 57 a 40 Medium (20) and large (37) contractors in Jilin
Province, China

S17 Maqsoom 2018 (PK) [64] Conference 2018 Pakistan Lower middle income 167 c 23 Contractors registered on local registry
S18 Alsaedi 2019 (SA) [65] Journal 2019 Saudi Arabia High income 67 b 31 Three different grades of contractors
S19 Bageis 2019 (SA) [66] Journal 2019 Saudi Arabia High income 97 25 Large contractors
S20 Maqsoom 2020 (PK) [67] Conference 2020 Pakistan Lower middle income 167 c 24 Contractors registered on local registry
S21 Oke 2020 (NG) [68] Journal 2020 Nigeria Lower middle income 100 b 15 Contractors and consultants
S22 Wang 2020 (CN) [17] Journal 2020 China Upper middle income 109 33 Contractors in different (20) provinces and cities
S23 Chileshe 2021 (TZ) [69] Journal 2021 Tanzania Lower middle income 33 30 Small contractors
S24 Gunduz 2021 (QA) [70] Journal 2021 Qatar High income 169 b 34 Small, medium and large contractors

a Statistically significant difference between different groups of respondents reported in the study; the subgroups of respondents were treated as independent samples. b No statistically
significant difference and/or no comparison between different groups of respondents reported in the study; the subgroups of respondents were treated as single sample population.
c Studies S17 and S20 were based on single sample population focussing on internal and external factors affecting contractors’ d2b decision, respectively.
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Table 3. Rankings of factors based on frequency and effect summary (weighted RII).

Factors Frequency
(Total = 440) Rank Effect Summary

(Weighted RII) Rank

1 Project characteristics
F1.1 Project size 24 1 0.771 5
F1.2 Project location 24 1 0.652 18
F1.3 Project duration 22 2 0.631 23
F1.4 Type of project 20 3 0.739 9
F1.5 Degree of hazard (safety) 17 5 0.591 27
F1.6 Degree of difficulty (project complexity) 15 7 0.678 13
F1.7 The amount of work to be subcontracted 14 8 0.553 28
F1.8 Type of contractual arrangement 13 9 0.634 22
F1.9 Project payment terms 12 10 0.833 1
F1.10 Quantum of liquidated damages 12 10 0.616 26
2 Firm-related factors
F2.1 Current workload 22 2 0.742 8
F2.2 Experience on similar project 20 3 0.770 6
F2.3 Past profit in similar jobs 17 5 0.665 15
F2.4 Need for work 11 11 0.748 7
F2.5 Availability of qualified site management staff 11 11 0.688 11
3 Tendering situation
F3.1 Number of bidders 20 3 0.641 20
F3.2 Time allowed for tender submission 15 7 0.622 25
F3.3 Completeness of tender documents 14 8 0.661 16
F3.4 Bond requirements (tender, performance) 12 10 0.655 17
F3.5 Competitiveness of other bidders 11 11 0.644 19
4 Client-related factors
F4.1 Financial capability of client 16 6 0.832 2
F4.2 Client’s reputation in the industry 11 11 0.801 3
F4.3 The history of client’s payments in past projects 11 11 0.790 4
5 Economic situation
F5.1 Availability of equipment 19 4 0.626 24
F5.2 Availability of labour 17 5 0.638 21
F5.3 Availability of other projects for tendering 16 6 0.695 10
F5.4 Availability of materials 12 10 0.672 14
F5.5 Overall economy (availability of work) 12 10 0.680 12

Next, Table 4 summarises the two statistical test results of the estimated effect summary
of individual factors. In testing the null hypothesis that the effect summary (i.e., weighted
RII) equals zero, the results show that null hypothesis (i.e., esv = 0 in step 11 in Table 1)
is rejected for all 28 factors at p < 0.05 significant level. The weighted RII values range
between 0.553 and 0.833, with an average of 0.668 (out of maximum of 1). Only the top six
factors (21%) recorded weighted RII above 0.75, and as many as 19 factors (68%) recorded
weighted RII below 0.70. By contrast, it is worth noting that there is much variability in the
recorded RII values from the included studies (i.e., a total of 440 raw data points), where
10% of the RII values are below 0.5 and the percentages of the RII values above 0.75 and
below 0.70 are 41% and 39%, respectively. These variabilities can be partly explained by
the heterogeneity across the included studies that were conducted in different countries
or locations. However, the heterogeneity test results show that there is no statistically
significant heterogeneity across the results of included studies; thus, the null hypothesis
(i.e., Qv = 0 in step 12 in Table 1) cannot be rejected. This hypothesis testing outcome
applies to all 28 factors for which all p-values are greater than a 0.05 significance level.
Although no significant heterogeneity was detected, four factors recorded a very low level
of heterogeneity with an I2

v of below 10% and the remaining factors have no inconsistency
(I2

v = 0). Hence, further investigation of heterogeneity is not warranted in the present
meta-analysis.
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Table 4. Statistical test results of the individual factors.

Factors
Effect Summary
(Weighted RII)

Z-Test Heterogeneity Test

Z-Score p-Value Qv p-Value I2
v (%)

1 Project characteristics
F1.1 Project size 0.771 25.354 <0.0001 14.762 0.903 0
F1.2 Project location 0.652 13.976 <0.0001 14.640 0.907 0
F1.3 Project duration 0.631 10.534 <0.0001 10.325 0.974 0
F1.4 Type of project 0.739 23.730 <0.0001 18.532 0.487 0
F1.5 Degree of hazard (safety) 0.591 12.583 <0.0001 14.640 0.551 0
F1.6 Degree of difficulty (project complexity) 0.678 20.592 <0.0001 12.106 0.598 0
F1.7 The amount of work to be subcontracted 0.553 6.348 <0.0001 4.171 0.989 0
F1.8 Type of contractual arrangement 0.634 8.744 <0.0001 8.278 0.763 0
F1.9 Project payment terms 0.833 25.282 <0.0001 6.608 0.830 0
F1.10 Quantum of liquidated damages 0.616 22.820 <0.0001 11.245 0.423 2.18
2 Firm-related factors
F2.1 Current workload 0.742 34.051 <0.0001 16.954 0.714 0
F2.2 Experience on similar project 0.770 33.178 <0.0001 8.885 0.975 0
F2.3 Past profit in similar jobs 0.665 12.373 <0.0001 12.313 0.722 0
F2.4 Need for work 0.748 25.934 <0.0001 8.033 0.626 0
F2.5 Availability of qualified site management
staff 0.688 16.433 <0.0001 7.423 0.685 0

3 Tendering situation
F3.1 Number of bidders 0.641 13.263 <0.0001 11.620 0.901 0
F3.2 Time allowed for tender submission 0.622 17.799 <0.0001 14.493 0.414 3.40
F3.3 Completeness of tender documents 0.661 19.102 <0.0001 13.879 0.382 6.34
F3.4 Bond requirements (tender, performance) 0.655 18.449 <0.0001 9.343 0.590 0
F3.5 Competitiveness of other bidders 0.644 7.104 <0.0001 4.147 0.940 0
4 Client-related factors
F4.1 Financial capability of client 0.832 21.081 <0.0001 9.599 0.844 0
F4.2 Client’s reputation in the industry 0.801 26.337 <0.0001 3.673 0.961 0
F4.3 The history of client’s payments in past
projects 0.790 13.787 <0.0001 5.976 0.817 0

5 Economic situation
F5.1 Availability of equipment 0.626 15.506 <0.0001 17.536 0.487 0
F5.2 Availability of labour 0.638 15.086 <0.0001 16.103 0.446 0.64
F5.3 Availability of other projects for tendering 0.695 23.126 <0.0001 13.619 0.555 0
F5.4 Availability of materials 0.672 9.992 <0.0001 9.515 0.574 0
F5.5 Overall economy (availability of work) 0.680 20.992 <0.0001 7.224 0.781 0

Figure 3 shows the weighted RII and 95% confidence intervals (i.e., the error bars) of
individual factors. As expected, some factors have relatively large confidence intervals.
This can be explained because the standard errors and confidence intervals will always
be larger under random-effects model specification, since it has considered both within-
studies and between-studies variances [44]. It is noted that the confidence intervals are
larger for factors with lower weighted RII (for e.g., F1.7, F1.8, F3.4, and F5.4), indicating
lower precision that can be attributable to the variances between studies on these factors.

Lastly, Figure 4 shows the forest plots, which are the usual way to illustrate meta-
analyses results. These forest plots are only presented for the top five factors identified
in the study because of the space limitations in this paper. Each forest plot displays the
effect estimates and confidence intervals at 95% level of confidence of individual studies
(i.e., individual block markers with error bars with study ID on Y-axis) and effect summary
from the meta-analysis (i.e., the diamond marker with error bar at the bottom, ID = 1). For
all five factors, as expected, the effect estimates of individual studies would not line up in
a row since a particular effect size is assumed to vary from one study to the next under
the random-effects model specification. The diamond marker crossed by a vertical line
parallel to the y-axis, which denotes the effect summary, further demonstrates the variations
between studies that made different contributions to the effect summary estimate. For
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example, in the forest plot for factor ‘the history of client’s payments in past projects (F4.3)’,
two studies crossed the line (study ID 7 and 9) and the numbers of studies that contributed
positively and negatively to the effect summary are five and four, respectively—that is, five
studies on the right-hand side (positive contribution) and four studies on the left-hand side
(negative contribution) of the vertical line. Next, the error bars denote that the width of
confidence intervals of some individual studies are rather wide, indicating less precision in
the respective studies. Nonetheless, the concern of precision in meta-analysis is over the
precision of the effect summary rather than the precision of individual studies [44]. In this
case, the precision of the effect summary is not a concern since the width of the confidence
intervals of the individual effect summary of all top five factors (i.e., the diamond markers)
are approaching zero.
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5. Discussion

In addressing research objective 1 on the identification and evaluation of the im-
portance of critical factors affecting contractors’ d2b, the 24 relevant studies selected via
a systematic review process has enabled the identification of a set of 28 critical factors
for inclusion in the statistical meta-analysis. Upon considering both within-studies and
between-studies variances using a random-effects model, the results show the importance
of the individual factors (i.e., weighted RII with confidence intervals) along with their
ranking with certainty. It is clearly demonstrated in Table 3 that there is a significant
difference in ranking the factors based on their frequency of occurrence and weighted RII,
respectively. Here, the meta-analysis findings have made it possible to identify and draw
robust conclusions on the critical factors affecting contractors’ d2b, which were not possible
before the use of statistical meta-analysis. It is worth noting that these are the potential
benefits of meta-analysis highlighted in Kenley [32]. Next, on the assessment of the gener-
alisability of findings of the meta-analysis (i.e., research objective 2), the heterogeneity test
results (see Table 4), which show that no statistically significant heterogeneity was detected
in the included studies’ results, reinforce the generalisability of the meta-analysis findings
to a wider population [13]. With the differing economic, geographical, and institutional
settings of the construction industries in the included studies as a backdrop, the current
findings provide a global view of factors affecting contractors’ d2b. Again, this was not
achievable given the disparate state of existing findings when the collection of replicated
studies is treated individually. Nonetheless, as with any research findings, it is recognised
that the current findings do require care in generalisation.

On the identified critical factors, there is much empirical evidence on their impor-
tance and effects on contractors’ d2b, especially the top ranked factors. However, it is
rather surprising that the top four factors are related to client and project payment issues
(i.e., project payment terms (F1.9), financial capacity of client (F4.1), client’s reputation
(F4.2), and the history of client’s payments (F4.3)). This may largely be explained by the
importance of a healthy cash flow and cost control in construction-business survival [71,72].
Mahamid [73] found that contractors perceived delay in payments from clients as one of
the top-ranked factors affecting construction-business failures. In addressing challenges
of construction-business failure, Holt [71] recommended that contractors should bid for
a project type that is within geographic locations that offer the firm optimum cost con-
trol, maintain up-to-date knowledge on demand, competition, clients, and suppliers, and
sustain positive cash flow. These suggestions have indeed captured other critical factors
identified in this study (i.e., F1.2, F1.4, F3.5, and F5.1 to F5.5). The importance of clients’
financial capacity (or ability to pay), their reputations, and histories of timely payment
were reported in Zuo et al.’s [22] study on contractors’ strategies in surviving an economic
downturn. Their interviewees suggested that bidding rationally is especially important
during an economic downturn, and it is not advisable to bid for clients who may not be able
to honour payment. One should also avoid ‘aimless’ bidding and aim to bid for projects
from honourable clients who are within a firm’s area of expertise and familiarity [22].

Further to the above, empirical evidence has highlighted the effects and/or relation-
ships among contractors’ current workloads (F2.1, ranked 8), need for work (F2.4, ranked
7), prevailing economic situation (F5.5 availability of work and F5.3 availability of other
projects for tendering, ranked 12 and 10, respectively), and contractors’ d2b. De Neufville
et al. [74] found that fewer bids were recorded in what they refer to as ‘good’ years with a
wide availability of projects, whereas competition becomes fierce in ‘bad’ years when few
projects are available. This can be partly explained by the fact that contractors have a high
need for work (and current workload tends to be low) in recession times and thus submit
more bids, and vice versa in boom times. Using need for work as the proxy variable of
market conditions, Oo et al.’s [23,28] statistical modelling attempts found that individual
contractors submit more bids in recession times when fewer projects are available. Other
variables captured in their models are project size (F1.1, ranked 5), project type (F1.4, ranked
9), and number of bidders (F3.1, ranked 20). They found that contractors show preference
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in project type and size in their d2b, and that they are more reluctant to bid when the
anticipated number of bidders is high. The other top-ranked factor that is highly related to
project type is contractors’ experience on similar projects (F2.2, ranked 6), which enables
them to submit more competitive bids for types of work they are familiar with—that is, to
concentrate on a firm’s area of expertise and familiarity in project selection [22,71]. Project
size, on the other hand, reflects the risks involved in undertaking a project and it is a major
determinant of the number of contractors who are capable of undertaking a particular
project with required capital and management skills [27]. Contractors’ preferences for a
particular size range of projects in d2b can be explained because they are more competitive
or successful in the respective size range [75,76].

While the discussion so far has focussed on the top-ranked d2b critical factors, it would
be worthwhile to compare the findings with the 23 critical factors affecting contractors’
mark-up sizes in Oo et al. [16], both using the same statistical meta-analysis approach.
Table 5 shows the top 10 factors in both studies. It can be seen that the four top-ranked
critical factors are identical in the two consecutive bidding decision-making processes,
namely project size, experience on similar project, current workload, and availability of
other projects for tendering (highlighted in grey). The evidence is suggestive that con-
tractors have placed different degrees of emphasis on different factors in their d2b and
mark-up decisions. Project payment and client-related factors are of greater importance
in d2b decision-making processes, while factors related to the tendering situation (com-
petitiveness of other bidders, number of bidders, and tendering procedure) gain more
importance in mark-up decision. The lack of agreement on the identity of the top-ranked
factors detected in the comparison should be considered in relevant future research.

Table 5. The top 10 factors affecting d2b and mark-up decisions.

Rank Current Study—D2B Oo et al. [16]—Mark-Up

1 Project payment terms Competitiveness of other bidders
2 Financial capability of client Number of bidders

3 Client’s reputation in the industry Relationship and past experience
with client

4 The history of client’s payments in
past projects Experience on similar project

5 Project size Project size
6 Experience on similar project Current workload

7 Need for work Availability of other projects for
tendering

8 Current workload Quantum of liquidated damages
9 Type of project Type of contractual arrangement

10 Availability of other projects for
tendering Tendering procedure

Research Implications

All in all, the findings of the meta-analysis are invaluable in revealing the critical
factors affecting contractors’ d2b from a global perspective. While there is a need of care in
results generalisationto a wider population, the findings clearly have implications in many
ways. For construction clients, it is important for them to build up and maintain good
reputations and on-time payments to contractors, thus reducing risks for contractors. These
would help in securing competitive bids from a potential pool of contractors, thus achieving
the required competition level. Indeed, this may be of particular importance to client groups
who need to maintain a high level of accountability and transparency in their procurement
of construction services. Similarly, clients may need to consider other critical factors in
their procurement designs, for example, the availability of other projects in the markets
in scheduling their tenders, to maximise the efficiency in their procurement exercises. For
contractors, especially new market entrants, who are keen to venture into new markets, the
top-ranked critical factors related to project payment and clients are of great importance
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in filtering the tender opportunities that come along. There may be a need to do some
background research on a potential client’s financial capability, reputation, and history of
payments before deciding to bid for a project. Additionally, the identified critical factors
highlight that potential competing bidders would very likely to take into consideration
their current workload and need for work in their d2b, and these considerations may be
reflected in their bid pricing behaviours. Thus, this would have implications on the bidding
strategies of individual organisations. Above all, a global perspective and an insight into
the importance of the critical factors affecting d2b are valuable to contractors. The simplest
application here is to refer to the list of critical factors when deciding whether to bid for
a job.

Last, the implications for the research community are numerous. It is advisable
that researchers should use the most frequent measuring statistics in their attempts to
replicate a study so that meta-analysis can take place in future. It is also essential to provide
information on the variability of the reported results (e.g., standard deviation, standard
error, or confidence interval) to facilitate calculation or conversion of effect size. As noted
in this study and so in other meta-analyses (e.g., [16,34]), possible reasons for not including
some relevant studies are insufficient statistical data and/or use of different measuring
statistics. Next, the list of critical factors should serve as a robust foundation in future
research efforts related to factors affecting d2b and/or d2b modelling attempts. Very often,
authors have attempted to identify a list of potential factors in the literature based on
their frequency of occurrence, which as demonstrated in the present study may not be
adequate to reflect the importance of individual factors. Last, future research should take
into consideration the fact that contractors have placed different emphases on different sets
of factors in their d2b and mark-up decisions. Previous studies (e.g., [52,63]) that applied
an identical set of factors in examining their importance in both decisions may be seen
as a research limitation, which could be justified by the non-existence of the respective
meta-analyses. It is envisaged that future research that applies different sets of factors
could potentially lead to an understanding of the association of different factors affecting
these two decisions.

6. Conclusions

There are two key stages in the research processes in addressing the research aim
and objectives. A systematic review process was first performed to identify a collection
of 24 relevant studies on factors affecting contractors’ d2b over the last 30 years or so.
These included studies were published between 1988 and 2021. The subsequent stage
involved the data extraction process for the selection of 28 critical factors for inclusion in
the statistical meta-analysis. The findings of the meta-analysis have enabled an estimation of
the combined effect of individual factors from the included studies—that is, a summation of
the studies so that conclusions could be drawn on critical factors affecting contractors’ d2b.
The results show that the top five critical factors are: (i) project payment terms; (ii) financial
capacity of client; (iii) client’s reputation in the industry; (iv) the history of client’s payments
in the past projects; and (v) project size. The end results consist of a list of 28 critical factors
affecting contractors d2b, which have been ranked with certainty based on the meta-analysis
outputs. The heterogeneity test results, which show no statistically significant heterogeneity
in the included studies’ results, reinforce the generalisability of the meta-analysis findings
to a wider population. With the differing economic, geographical, and institutional settings
of the construction industries in the included studies as a backdrop, the current findings
provide a global view of factors affecting contractors’ d2b. These findings have practical
and methodological implications for construction industry stakeholders and construction
management research community, respectively.

There are potential weaknesses in meta-analyses and one of the key limitations of this
study is that one should apply care in the generalisation of the results. It is recognised that
it is always necessary to consider all relevant factors that are of strategic importance to
individual organisations in a bidding decision-making process, including any institutional
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factors. Thus, it is vital to include factors that are relevant to a local construction industry or
project type under investigation in future research attempts related to factors affecting d2b
and/or d2b modelling attempts. The other limitation is that some relevant studies have not
been considered in the study, mainly because of the unavailability of sufficient statistical
data. It is worth noting that a similar issue has been reported in other meta-analyses in
construction management research. Thus, this issue should be addressed in any future
attempts to replicate a study so that meta-analysis can take place in the future. It is felt
that efforts on such construction management research have clearly demonstrated maturity,
prompting the need for meta-analyses.
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