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The journal requires that all submissions
fall within its aims and scope, explained
here. Please explain how your submission
fits the journal's aims and scope.

A seemingly minor design error can have significant repercussions in a construction
project, leading to serious safety and quality consequences, cost overrun and delays.
This error can have a lasting impact, potentially affecting usability and safety during the
operational stage of the completed facility. Despite these consequences, there is
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limited research on which stakeholders contribute more significantly to design errors.
Furthermore, there is a disconnection in understanding among stakeholders about the
causes of design errors. In order to address the knowledge gap, this research aimed to
identify the critical causes of design errors from a multi-stakeholder perspective.
Empirical survey data was collected from 243 design professionals across various
stakeholders in the Chinese construction industry. Descriptive and structural equation
modeling (SEM) analyses reveal that contrary to common understanding, clients and
geological surveying companies are the major stakeholders responsible for design
errors in construction projects. Design professionals, regardless of their stakeholder
groups, shared similar views on the causes of design errors. This research is among
the first to uncover the causes of design errors on construction projects from a multi-
stakeholder perspective. The findings are valuable for stakeholders in the construction
industry in China and other countries with similar characteristics to take more targeted
measures to improve design quality, which will in turn improve overall project
performance. The submission falls within the journal's aims and scope of focusing on
human errors in design and methods of investigation of failures issues. In addition,
there are plenty of papers on design error or design quality topic published in this
journal.

Papers published in ASCE Journals must
make a contribution to the core body of
knowledge and to the advancement of the
field. Authors must consider how their
new knowledge and/or innovations add
value to the state of the art and/or state of
the practice. Please outline the specific
contributions of this research in the
comments box.

The research findings reveal that contrary to common understanding, clients and
geological surveying companies are the major stakeholders responsible for design
errors in construction projects. Design professionals, regardless of their stakeholder
groups, shared similar views on the causes of design errors. This research is among
the first to uncover the causes of design errors and their negative consequences on
construction projects from a multi-stakeholder perspective. The findings offer valuable
insights for stakeholders in the Chinese construction industry and other countries with
similar environments. They highlight the need for targeted actions to enhance design
quality, which is essential for improving the overall success of construction projects.

Authors are required to attain permission
to re-use content, figures, tables, charts,
maps, and photographs for which the
authors do not hold copyright. Figures
created by the authors but previously
published under copyright elsewhere may
require permission. For more information
see ASCE Publication Policies. All
permissions must be uploaded as a
permission file in PDF format. Are there
any required permissions that have not
yet been secured? If yes, please explain
in the comment box.

No

ASCE does not review manuscripts that
are simultaneously under submission
elsewhere. Is the article or parts of it
being consideredfor any other
publication? If your answer is yes, please
explain in the comments box below.

No

Each submission to ASCE must stand on
its own and represent significant new
information, which may include disproving
the work of others. While it is acceptable

No
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to build upon one’s own work or replicate
other’s work, it is not appropriate to
fragment the research to maximize the
number of manuscripts or to submit
papers that represent very small
incremental changes. ASCE may use
tools such as CrossCheck, Duplicate
Submission Checks, and Google Scholar
to verify that submissions are novel. Does
the manuscript constitute incremental
work (i.e. restating raw data, models, or
conclusions from a previously published
study)?

Authors are expected to present their
papers within the page limitations
described under Types of Journal
Content. Technical papers and
CaseStudies must not exceed 30 double-
spaced manuscript pages, including all
figures and tables. Technical notes must
not exceed 7 double-spaced manuscript
pages. Papers that exceed the limits must
be justified. Grossly over-length papers
may be returned without review. Does this
paper exceed the ASCE length
limitations? If yes, please provide
justification in the comments box below.

No

All authors listed on the manuscript must
have contributed to the study and must
approve the current version of the
manuscript. Are there any authors on the
paper that do not meet these criteria? If
the answer is yes, please explain in the
comments.

No

Was this paper previously declined or
withdrawn from this or another ASCE
journal? If so, please provide the previous
manuscript number and explain what you
have changed in this current version in
the comments box below. You may
upload a separate response to reviewers
if your comments are extensive.

Yes

Please provide the previous manuscript
number and explain what you have
changed in this current version in the
comments box below. You may upload a
separate response to reviewers if your
comments are extensive.

 as follow-up to "Was this paper

Firstly, this paper was submitted to Journal of Management (manuscript number:
MEENG-5901) and was declined by the editor without peer review. The authors
believe that the reject decision is improper as this paper doesn't use factor analysis. In
addition, we think we conducted the analysis using robust research methodology,
including literature review, questionnaire survey, followed by descriptive analyses
(means, percentage, and Kruskal Waillis test), pearson’s correlation analysis, and
structural equation modeling. The findings have significant contributions to the existing
body of knowledge in design quality management. Notwithstanding this, the authors
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previously declined or withdrawn from this
or another ASCE journal? If so, please
provide the previous manuscript number
and explain what you have changed in
this current version in the comments box
below. You may upload a separate
response to reviewers if your comments
are extensive."

have made necessary revisions to more clearly state the objective of the paper,
address the knowledge gap, present the problem, and discuss the findings that include
in-depth managerial implications.
Secondly, this paper was submitted to Journal of Construction Engineering and
Management (manuscript number: COENG-14722), and was declined by the editor
because the paper exceeds length guidelines by more than 25%. The editor suggested
to revise and resubmit as a new submission after the revisions are made. Following
this suggestion, the authors have tried the best to meet the requirement. In this
process, we deleted two figures and around 800 words together with other minor
revisions, and reduced the paper length from 46 pages to 39 pages (i.e., seven pages
were reduced). But we think if we further reduce the paper length, the quality will be
affected.
Thirdly, this paper was submitted to Journal of Construction Engineering and
Management (manuscript number: COENG-14741), and was declined by the editor
because the paper was outside the scope of the journal.
Finally, this paper was submitted to Journal of Performance of Constructed Facilities
(manuscript number: CFENG-4858), and was declined by the editor because the paper
exceeded 30 double-spaced manuscript pages. But it was suggested to reduce the
paper length and resubmit it to the Journal. Following this suggestion, the authors have
tried the best to meet the requirement. In this process, we deleted one figure, three
tables and over 1300 words together with other minor revisions, and reduced the paper
length from 41 pages to 30 pages (i.e., eleven pages were reduced).

Companion manuscripts are discouraged
as all papers published must be able to
stand on their own. Justification must be
provided to the editor if an author feels as
though the work must be presented in two
parts and published simultaneously.
There is no guarantee that companions
will be reviewed by the same reviewers,
which complicates the review process,
increases the risk for rejection and
potentially lengthens the review time. If
this is a companion paper, please indicate
the part number and provide the title,
authors and manuscript number (if
available) for the companion papers along
with your detailed justification for the
editor in the comments box below. If there
is no justification provided, or if there is
insufficient justification, the papers will be
returned without review.

This is not a companion paper.

Is this manuscript being submitted as part
of a special collection? You can find
active calls for papers for special
collections in ASCE Journals here.

No

The flat fee for including color figures in
print is $800, regardless of the number of
color figures. There is no fee for online
only color figures. If you decide to not
print figures in color, please ensure that

No
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the color figures will also make sense
when printed in black-and-white, and
remove any reference to color in the text.
Only one file is accepted for each figure.
Do you intend to pay to include color
figures in print? If yes, please indicate
which figures in the comments box.

Is this article or parts of it already
published in print or online in any
language? ASCE does not review content
already published with the exception of
preprinted papers, thesis, and
dissertations. Please review ASCE
Publication Policies to ensure your
submission meets our criteria for
submission. Please disclose details below
(including DOIs, URLs, etc.) if your paper
has been published in print or online
previously in any format.

No

Has this manuscript, in whole or in part,
been submitted to a conference?

No

We require authors to disclose if Artificial
Intelligence or Large Language Model
tools have been used in the creation of
your manuscript. Have you used any of
these tools in the creation of your
submission? If so, please provide detailed
information below.

No

When submitting a manuscript, authors
must include a section heading titled
“Data Availability Statement” before the
“Acknowledgments” section or after the
“Conclusion." Within the section, authors
will include one or more of the following
statements, as well as all citations to data,
code, or models. You can read more
about the Data Availability Statement
policy here.

Please select one or more of the
statements below that apply to your
manuscript. The statement(s) listed in
your manuscript should match those you
select in your response to this question.

Note that regardless of your response to

a. Some or all data, models, or code that support the findings of this study are available
from the corresponding author upon reasonable request.
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this question, all reasonable requests for
data from reviewers during the review
process must be fulfilled.

If there is anything else you wish to
communicate to the editor of the journal,
please do so in this box.

ASCE offers authors the option to publish
their work under an open access license
for a fee of $2000. You can read more
about ASCE's open access option here. If
your manuscript is accepted, do you plan
to publish it under an open access
license? Note that your decision has no
bearing on whether your paper will be
accepted. Payment for open access is not
collected until proof stage, and you will
have the chance to change your mind
before payment is due.

No

ASCE is a signatory of the Sustainable
Development Goals (SDG) Publishers
Compact, supporting the U.N. Sustainable
Development Goals listed below. You can
read more about our commitment here. If
your submission addresses any of these
goals, please check up to five of the
relevant boxes below.

Industry, Innovation and Infrastructure - - Build resilient infrastructure, promote
inclusive and sustainable industrialization and foster innovation; Sustainable Cities and
Communities - - Make cities and human settlements inclusive, safe, resilient and
sustainable

Do you intend to publish your paper under
an open access license? Please note that
open access papers require payment of
an APC. More information about open
access and fees can be found here.

No
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the exclusive copyright interest in the
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subsequent editions of the work (to
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derivatives, translations, or ancillaries, in
English and in foreign translations, in all
formats and media of expression now
known or later developed, including
electronic, to the American Society of Civil
Engineers subject to the following:

• The undersigned author and all
coauthors retain the right to revise, adapt,
prepare derivative works, present orally,
or distribute the work, provided that all
such use is for the personal
noncommercial benefit of the author(s)
and is consistent with any prior
contractual agreement between the
undersigned and/or coauthors and their
employer(s).

• No proprietary right other than copyright
is claimed by ASCE.
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in their funding body’s designated archive
upon publication in an ASCE Journal,
provided the draft contains a link to the
published version at ascelibrary.org, and
may request public access 12 months
after publication. “Final draft” means the
version submitted to ASCE after peer
review and prior to copyediting or other
ASCE production activities; it does not
include the copyedited version, the page
proof, a PDF, or full-text HTML of the
published version.
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243 design professionals (e.g., architect, structural designer, and water supply and drainage designer) 23 

across various stakeholders (e.g., client, design company, and construction company) in the Chinese 24 

construction industry. Descriptive and structural equation modeling (SEM) analyses reveal that contrary to 25 

common understanding, clients and geological surveying companies are the major stakeholders responsible 26 

for design errors in construction projects. The major factors leading to design errors are design input 27 

information error, unreasonable intervention on design, noncompliance with standard requirements, and 28 

error in site geological survey document. In contrast, concurrent design and construction requirements and 29 

poor working conditions are the least influential factors. Design professionals, regardless of their 30 

stakeholder groups, shared similar views on the causes of design errors. This research is among the first to 31 

uncover the causes of design errors on construction projects from a multi-stakeholder perspective. The 32 

findings offer valuable insights for stakeholders to improve design quality in the Chinese construction 33 

industry and other countries with similar environments.  34 

Keywords: Design error; Causes; Construction projects; Construction Industry; China 35 

 36 

Practical Applications 37 

The research findings have significant practical implications for various stakeholders to more effectively 38 

reduce design errors in construction projects. By identifying the critical factors leading to design errors 39 

from a multi-stakeholder perspective, this research provides a strong empirical foundation for developing 40 

novel evidence-based design quality management strategies to prevent the chronic problem of design 41 

errors in the construction industry. The results highlight that in addition to ensuring the capability of design 42 

development company and designers, design quality is heavily dependent on the accuracy of design input 43 

information provided by the clients, and compliance with standard requirements and high-quality site 44 
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geological survey documents provided by geological surveying companies. Adequate time is needed in the 45 

preliminary design phase to thoroughly review the input information provided by clients and geological 46 

surveying companies. In addition, clients should avoid excessive interference in the design process and 47 

should instead empower the designers to determine design details or design solutions as these are helpful 48 

to reduce design changes and avoid potential design quality problems. Finally, stakeholders should also 49 

pay special attention to changes to design-related laws/regulations and standards/codes as these are major 50 

factors causing design error in the construction industry.  51 

 52 

1. Introduction 53 

Design quality has significant impacts on the construction and operation of facilities and infrastructure 54 

(Lopez and Love, 2012; Ham et al., 2018; O’Connor and Koo, 2020). Design error, including incorrect 55 

dimensions, conflicts between different design elements and documents, and non-compliance with building 56 

standards and codes (Lopez et al., 2010; O’Connor and Koo, 2021b), is one of the primary causes of delays, 57 

rework, change orders, poor quality, cost overruns, disputes, accidents, and negative environmental and 58 

social consequences (Love et al., 2009a; Sun and Meng, 2009; Lopez et al., 2010; Lopez and Love, 2012; 59 

Love et al., 2012; Ham et al., 2018; O’Connor and Koo, 2020). Defective design accounted for around 60 

30% of total rework and cost overruns (Andi and Minato, 2003). Lopez and Love (2012) reported that 61 

design errors lead to additional direct and indirect costs which are 6.85% and 7.36% of the contract value, 62 

respectively. In another study, Love et al. (2014) found that the mean costs of design error in construction 63 

projects are 14.2% of the original contract value. Design error has been identified as a critical factor 64 

responsible for the collapse of a tunnel in the Nicoll Highway in Singapore (Lopez et al., 2010). It is also a 65 

main factor contributing to poor construction waste management in infrastructure projects (Naji et al., 66 



 4 

2022). 67 

Design process in construction has become more complex due to client demands, resource constraints, 68 

regulatory changes, and increased project complexity (O’Connor and Koo, 2021a; Koo and O’Connor, 69 

2022). In a typical construction project, design can be divided into several phases, such as programming, 70 

schematic design, design development, and construction documentation (AIA, 2013). Many stakeholders, 71 

such as client, design company and geological surveying company, contribute to the design process and its 72 

corresponding outcome (Huang, 2020; Zhang et al., 2021; Zhang et al., 2023). Therefore, high-quality 73 

design relies heavily on close collaboration among these stakeholders. However, conflict of interest among 74 

them is common. For instance, clients may require designers to complete their design with the lowest 75 

possible price at the shortest possible duration. In addition, frequent changes initiated by the clients make 76 

design an iterative and time-consuming process, which further adds to the designers’ workload. As a result, 77 

design error has become a chronic problem in the construction industry (Love et al., 2014). 78 

Due to its significance, there has been research on design quality and design error. For instance, 79 

O’Connor and Koo (2020) identified 47 high-priority design defects. Hassanain et al. (2022) developed 80 

standardized design quality indicators suitable to evaluate the design quality of campus facilities. Despite 81 

this, the industry still lacks an in-depth understanding of design errors in construction projects (O’Connor 82 

and Koo, 2020). Firstly, as design involves multiple disciplines and many stakeholders, it remains 83 

unknown which stakeholders contribute more significantly to design errors. This understanding is 84 

important as project stakeholders have different contributions and inputs in different design phases, which 85 

influence final design quality. This highlights that critical causal factors related to different stakeholders 86 

should be identified to formulate more effective and targeted measures to improve design quality. Secondly, 87 

research is limited in exploring the differing perspectives on design errors among project stakeholders. 88 
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Andi and Minato (2003) found that designers and contractors have different understandings of the quality 89 

of design documents. O’Connor and Koo (2020) also reported that significant differences exist in relation 90 

to the frequency of problematic design deliverables between two groups of professionals with different 91 

expertise areas and organizational types. In this case, different stakeholders in the design process may 92 

attach the importance of a particular cause or the impact of design error differently (Naji et al., 2022; 93 

Zhang et al., 2023). This requires gathering empirical insights from design professionals working for 94 

different types of stakeholders to obtain their comprehensive views. 95 

As explained above, there is a lack of research on which stakeholders contribute more significantly to 96 

design errors and a comprehensive understanding on the different perspectives among stakeholders about 97 

the causes of design errors. In order to fill this knowledge gap, this paper takes a state-of-the-art 98 

multi-stakeholder perspective, primarily aiming to (1) identify the critical causes of design errors; (2) 99 

compare the perspectives on the causes of design errors among different stakeholders. This research 100 

focuses on the Chinese construction industry, a pillar industry contributing to the national economy, with 101 

its added value accounting for 6.89% of the gross domestic product in 2022 (China Construction Industry 102 

Association, 2022). The results have critical implications for practitioners to improve construction project 103 

performance in China, which can also be adapted to other countries with similar practices.  104 

2. Literature Review on Design Error Causation 105 

Many factors can cause design errors. Love et al.’s (2009b) investigation indicated that practice, task, and 106 

circumstance factors are major contributors to design errors. Lopez et al. (2010) and Love et al. (2012) 107 

categorized design error casual factors into three groups, comprising people, organization and project, 108 

while Ham et al. (2018) grouped design errors into simple design, rework related, and delay related. More 109 

recently, O’Connor and Koo (2021b) sorted the contributing factors of design defects into ten categories, 110 
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including deficient designer knowledge and experience, incomplete statement of basis/requirements, and 111 

others. Based on an extensive literature review of relevant research, 36 casual factors relevant to the 112 

Chinese construction industry were identified and grouped into four dimensions (Table 1). Although 113 

various delivery methods are used in the Chinese construction industry, including design-build and 114 

engineering-procurement-construction, traditional method is still the most popular one where contractors 115 

and subcontractors have no or little involvement in design process. In this context, client, design company 116 

and geological surveying company are viewed as the most critical stakeholders influencing the design 117 

quality of construction projects (Huang, 2020; Zhang et al., 2021; Zhang et al., 2023).  118 

<Place Table 1 here> 119 

2.1. Client-related factors 120 

Design quality is heavily dependent on whether and how well the client recognizes their project needs, 121 

define these needs accurately, and communicate their requirements to designers clearly (Kärnä and 122 

Junnonen, 2017). Inexperienced clients who are uncertain about their project requirements and scope tend 123 

to provide insufficient project information and incomplete design input documents, which increase the 124 

occurrence of errors (Lopez and Love, 2012; Shoar and Chileshe, 2021). In contrast, experienced clients 125 

are more sophisticated and may make frequent changes, resulting in design errors (Hwang and Yang, 2014; 126 

Wang et al., 2016). In China, majority of the clients pay more attention on fast delivery of design for early 127 

start of construction work (Zhang et al., 2023), which leads to tight design schedule and causes negligence 128 

during design audits, reviews, and verifications (Assaf et al., 2018). Low design fee required by client is 129 

another common factor contributing to design errors (Zhang et al., 2023), as a result, design companies 130 

sometimes reuse existing design details and specifications to reduce cost and time, resulting in 131 

inappropriate design which fails to meet the intended purpose (Shoar and Chileshe, 2021). 132 

133 
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2.2. Design company-related factors 134 

Design companies play a direct and critical role in ensuring the quality of design outcomes. In China, 135 

normally one design company provides an overall design service to clients. However, for some specific 136 

projects, usually large and complex infrastructure projects, design work is sub-divided into different 137 

packages, which are completed by different design companies (Huang, 2020). In addition, some 138 

specialized design companies may be hired by the leading design company to complete design 139 

development tasks. Therefore, the quality of design for this type of project not only relies on the 140 

experience of the leading design company but also the close collaboration of different design companies 141 

involved (Zhang et al., 2021).  142 

Insufficient designers’ skills, knowledge, and experience have been widely recognized as design 143 

company-related causes for design errors in construction projects (Yap et al., 2017). Jingmond and Agren 144 

(2015) highlighted that the lack of knowledge and insufficient knowledge transfer within design teams are 145 

critical factors leading to design flaws. A design team with high morale tends to have positive attitudes, 146 

which in turn is more likely to stimulate their design skill and knowledge to solve problems and avoid 147 

mistakes (Love et al., 2014c). On the other hand, designers’ excessive workload due to tight design 148 

schedule can negatively affect their design quality (Love et al., 2009b; Shoar and Chileshe, 2021). Ye et al. 149 

(2015) revealed that excessive design tasks and time constraints are significant contributors of design error 150 

in the Chinese construction industry.  151 

Designers' poor understanding of client requirements can produce errors in design documents (Assaf 152 

et al., 2017), demonstrating the need for clients to convey their requirements and expectations succinctly 153 

(O’Connor and Koo, 2020; Koo and O’Connor, 2022). The lack of communication between design and 154 

construction stakeholders can also cause inadequate consideration to constructability of design outcomes 155 
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(Ye et al., 2015).  156 

Moreover, inadequate application of technology has been considered as another factor leading to 157 

design errors (Andi and Minato, 2004). Wang et al. (2016) highlighted that novel technologies, such as 158 

building information modelling (BIM), facilitating design clash detection, can create more integrated and 159 

optimized design (Ham et al., 2018; Craveiro et al., 2019). Interestingly, over-reliance on technologies can 160 

also cause design errors due to technical problems, such as poor software interoperability, poor practicality, 161 

and human errors (Yap et al., 2017; Assaf et al., 2018). 162 

2.3. Geological surveying company-related factors 163 

Geological site surveying is important to determine the selection and design of the foundation and 164 

structural systems of the facility to be built. Andi and Minato (2004) identified errors of site surveying 165 

activities as one of the direct factors causing defective design. Hwang and Yang (2014) indicated that 166 

incomplete site surveying documents can result in significant rework and delay in the design process. 167 

Similarly, Hughes and Thorpe (2014) found that incomplete site survey is a critical factor leading to 168 

incomplete drawings in the design stage. Yap and Skitmore (2018) identified site-induced factors, 169 

including unforeseen ground conditions, undetected underground utilities, and insufficient soil 170 

investigation as important contributors to design changes.  171 

2.4. Other factors 172 

Other factors are those which may not be attached to a particular stakeholder but have considerable 173 

influences on design quality. Changes to the design standards and codes have been widely recognized as 174 

causes for design errors (Yap et al., 2017). The stereotype of “the best bid is the lowest bid” may encourage 175 

unqualified companies to compete using improper methods, leading to poor quality of design documents 176 

(Shan et al., 2017). Also, the highly complex, ever-changing, and multidisciplinary nature of construction 177 



 9 

projects make design error prone (Assaf et al., 2018). In this case, ineffective communication and poor 178 

coordination among stakeholders can jeopardize collaboration, generating more human and organizational 179 

errors (Yap and Skitmore, 2018). Finally, poor working environments, such as unbearable noises, can also 180 

result in design errors (Assaf et al., 2018; Huang, 2020). 181 

3. Research Methodology 182 

3.1. Research process 183 

This research was conducted in three stages. In the first stage, an extensive literature review was conducted 184 

to identify the causes of design errors on construction projects in China. The identified causes were 185 

categorized into four groups, which are presented in previous section. In the second stage, a questionnaire 186 

was designed and verified through a pilot survey, and was administered among design professionals 187 

working for different major stakeholders in the Chinese construction industry.  188 

In the third stage, the collected data was analyzed by the following three steps. First, the Cronbach’ s 189 

alpha coefficient, Bartlett’s test of sphericity, and the Kaiser-Meyer-Olkin (KMO) were calculated to 190 

evaluate the reliability and internal consistency of the survey data and determine the suitability for further 191 

analysis. A Kolmogorov Smirnov (KS) test was also carried out to ascertain whether the data was normally 192 

distributed and choose the appropriate test to explore the differences of perspectives among major 193 

stakeholders. Second, descriptive analyses were conducted to obtain the mean values of the causal factors 194 

of design errors. Mean value results for different sub-groups and Kruskal Waillis (KW) test were used to 195 

compare the perspectives on the importance of design error causation factors among different types of 196 

design professionals working for various stakeholders. As the data for the causes of design error was not 197 

normally distributed, Spearman’s correlation analysis was employed to ascertain the relationship between 198 

the four dimensions causing design error. The Spearman’s rho coefficient was used to evaluate the 199 
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characteristics of the relationship between the variables, including the direction and strength of the 200 

relationship. Third, structural equation modeling (SEM) was used to determine the relationships among the 201 

causal factors. SEM is considered as the most powerful technique to determine the significance and 202 

relationships among the observed and latent variables in a model (Zahoor et al., 2017), and has been 203 

frequently used in the construction management field. For instance, Naji et al. (2022) used SEM to 204 

ascertain major factors influencing construction waste management in infrastructure projects, while 205 

Gunduz et al. (2022) employed SEM to determine value engineering factors influencing design 206 

management performance of construction projects. Although four indices are adequate to determine the 207 

degree of fit for the structural equation model (Keline, 1998), six indices were employed in this study, 208 

including Chi-square χ2, df (degrees of freedom), RMSEA (root mean square residual), GFI 209 

(goodness-of-fit index), CFI (comparative fit index), and IFI (incremental fit index), and the following 210 

thresholds are used for these indices: χ2/df﹤3, RMSEA﹤0.08, GFI﹥0.8, CFI﹥0.8, and IFI﹥0.8 (Awang, 211 

2012; Xiong et al., 2015; Tripathi and Jha, 2018; Naji et al., 2022).  212 

3.2. Data collection 213 

The questionnaire comprised two sections. The first section collected the demographic information of the 214 

surveyed design professionals, including their age, type of organization they are working for, discipline 215 

involved, and years of working experience. In addition, one single-choice question was used to find out the 216 

type of projects tend to have more design errors. The second section sought to identify the critical factors 217 

causing design errors, drawn from the literature review. A five-point Likert scale from 1 (strongly disagree) 218 

to 5 (strongly agree) was used in this section.  219 

A pilot study was conducted with eight experienced design professionals who have different 220 

backgrounds (two architects, one structural designer, one water supply and drainage designer, two heating 221 
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ventilation and air-conditioning (HVAC) designers, one electrical designer and one landscape designer, 222 

with five to over 15 years of working experience) to validate and improve the questionnaire. Through this 223 

process some factors leading to design error were regrouped or added, including OF-7 and DCRF-14 in 224 

Table 1 which were further verified through literature review results. In addition, the wording for some 225 

statements was refined to improve clarity. The final questionnaire was administered online and face-to-face 226 

to design professionals (designers and professionals who primarily deal with design issues in their work) 227 

with the aim of obtaining a representative sample from different key stakeholders to get balanced views, 228 

including clients, design companies, geological surveying companies, and construction companies. The 229 

survey participants were approached using research team networks.  230 

Data underwent a two-step screening process to ensure their validity. First, the responses were 231 

scrutinized for completeness. Second, standard deviation (SD) values for the Likert scale parts were 232 

calculated to determine whether all the answers to the questions were the same. If the SD value was zero, 233 

the response was considered as repeated answers and thus invalid (Zheng et al., 2023). In total, 268 234 

responses were collected, in which 243 are valid. Among these, 34 are face-to-face responses and 209 are 235 

online responses (see Table 2). Existing research argues that an SEM analysis requires a minimum between 236 

100 and 400 responses, with over 200 as the rule of thumb (Iacobucci, 2009; Tripathi and Jha, 2018). The 237 

sample size of this research is also better than or comparable to other similar research (e.g., Lopez and 238 

Love, 2012; O’Connor et al., 2020). 239 

<Place Table 2 here> 240 

4. Data Analysis Results 241 

4.1. Reliability and validity 242 

Statistical analyses were conducted using Statistical Package for Social Science (SPSS) 24.0. The 243 
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Cronbach’s alpha coefficients for the causes of design error are 0.929. The value is beyond the 0.7 244 

threshold, meaning the questionnaire is reliable (George and Mallery, 2003). Furthermore, the KMO for 245 

the causes of design error is 0.907, higher than the acceptable threshold of 0.5. The Bartlett’s test of 246 

sphericity result (0.00) is lower than 0.05, indicating a good strength of relationship among the variables. 247 

These results suggest that the validity of the survey is acceptable and suitable for further analysis (Deng et 248 

al., 2014). 249 

4.2. Causes of design errors 250 

4.2.1. Differences among stakeholders 251 

A KS test found that each data group of the 36 causes of design error was not normally distributed. 252 

Therefore, KW test was used to find the perspectives of different stakeholders on factors that lead to design 253 

errors. The results are presented in Table 3.  254 

<Place Table 3 here> 255 

Table 3 shows that generally the stakeholders had common understanding on the importance of 32 256 

factors (88.90%) that can cause design errors in Chinese construction projects. However, they opined 257 

differently on four factors, including CRF-1, DCRF-12, DCRF-14, and DCRF-16. The results in the table 258 

also indicate that majority of the casual factors were perceived as important by respondents from different 259 

types of stakeholders (mean value close to or over 4).  260 

4.2.2. Correlation among different dimensions 261 

Spearman’s correlation analysis was employed to explore the direction and strength of relationship 262 

between the four dimensions causing design errors. The mean values of the factors in each dimension were 263 

calculated as the input for Spearman’s correlation analysis. The results are shown in Table 4.  264 

<Place Table 4 here> 265 



 13 

Table 4 shows that the four dimensions have strong and positive correlations with each other. This 266 

indicates that an increase in one dimension will also increase the problems in the other dimensions. 267 

Practically, it is necessary to pay attention to all the factors in these dimensions to reduce design errors.  268 

4.2.3. SEM analysis  269 

AMOS24.0 was first used to conduct first-order confirmatory factor analysis on the four latent variables 270 

and thirty-six observed variables. The preliminary first-order confirmatory factor analysis results indicated 271 

that factor loadings for CRF-3, CRF-4, DCRF-6, DCRF-8, DCRF-10, DCRF-15, DCRF-16, and DCRF-17 272 

were less than 0.5, so they were excluded from further analysis (Awang, 2012; Xiong et al., 2015). 273 

Similarly, analysis on the remaining 28 factors resulted in the exclusion of OF-3. The loadings for the 274 

remaining 27 factors are all above 0.5 after another round of analysis. The final first-order confirmatory 275 

factor analysis model indicated a good fit (χ2/df=2.011﹤3, RMSEA=0.065﹤0.08, GFI=0.819﹥0.8, 276 

CFI=0.876﹥0.8, and IFI=0.878﹥0.8). The second-order confirmatory factor analysis was then followed, 277 

and the result indicated no data problem with the model (χ2/df=2.014﹤3, RMSEA=0.065﹤0.08, 278 

GFI=0.817﹥0.8, CFI=0.877﹥0.8, and IFI=0.875﹥0.8) (Awang, 2012; Xiong et al., 2015; Tripathi and 279 

Jha, 2018; Naji et al., 2022). The final result is shown in Figure 1.  280 

Figure 1 shows that at the dimension level the path coefficients (i.e., standardized factor loadings) 281 

between the overall DE and the four constructs (CRF, DCRF, GSCRF, and OF) are 0.8834, 0.8323, 0.8737, 282 

and 0.8324, respectively. At the factor level, DCRF-14 has the strongest standardized factor loading (0.658) 283 

with DCRF, CRF-2 has the strongest path coefficient (0.667) with CRF, GSCRF-1 has the strongest path 284 

coefficient (0.864) with GSCRF, and OF-1 has the strongest standardized factor loading (0.728) with OF. 285 

<Place Figure 1 here> 286 

 287 
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4.3 Design error occurrence in different types of projects 288 

Respondents were also asked the type of project where design errors occur most frequently, and the results 289 

are shown in Table 5. Buildings primarily includes office buildings, residential buildings, and apartment 290 

complexes. Civil engineering projects mainly involve roadways, bridges, canals, dams and tunnels. 291 

Mechanical and electrical works are most related to the installation of HVAC systems, power systems, and 292 

fire-fighting systems. The majority of the respondents (57.61%) concluded that design errors most often 293 

occur in building projects, and this view is shared among different design stakeholders. Interestingly, 294 

clients, design companies, and geological surveying companies pointed out that after building works, 295 

design errors commonly occur in mechanical and electrical works, while construction companies argued 296 

that civil engineering projects are more problematic. 297 

<Place Table 5 here> 298 

5. Discussion 299 

5.1. Causes of design errors at the dimension level 300 

SEM analysis results indicate that client-related and geological surveying company-related factors are the 301 

leading causes of design errors in Chinese construction projects. This result is somewhat unexpected 302 

because traditionally design company is the primary stakeholder undertaking the majority of the design 303 

works, and logically design company-related factors should be the leading causes of design errors (Huang, 304 

2020). Despite this, existing research does argue the important role played by clients in determining the 305 

design quality. For instance, the extent of client-provided design in design and build projects decreases 306 

design innovation and increases design change (Zhang et al., 2019). In addition, unrealistic design 307 

expectations and tight schedule required by clients are significant factors causing design errors (Love et al., 308 

2014). In fact, clients have critical influences on design quality because they determine design 309 
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requirements and constraints, and have considerable managerial inputs in the overall design process. The 310 

first author of this paper had the experience of being involved in an industrial construction project where 311 

the spatial arrangement of production line was incorrect, leading to design errors which affected 312 

productivity. Liu et al.’s (2023) investigation into the Chinese water conservation construction projects also 313 

indicated that clients' design management capability strongly influences design performance, including 314 

design quality. Notwithstanding the above, the importance of geological surveying company-related factors 315 

on design errors derived from this research is new and enlightening. This means that although geological 316 

surveying companies may not be a main stakeholder in the actual design process, which is a common 317 

practice in China, the quality of information and documents provided by them has major influences on the 318 

occurrence of design errors. Lv (2022) further reported that poor quality of geological surveying 319 

documents in Chinese water conservation construction projects is mainly caused by insufficient 320 

investigation into the site, poor quality management system of geological surveying companies, poor skill 321 

and knowledge of surveying professionals, low contract price because of competitive tendering, and tight 322 

schedule for surveying work.  323 

Additionally, the correlation analysis indicated that the four dimensions causing design errors are 324 

strongly interrelated, where an increase in one dimension corresponds to an increase in the remaining three. 325 

Therefore, comprehensive measures are required to address all the dimensions to effectively reduce design 326 

errors. As claimed by Andi and Minato (2003), the problems of defective designs are complex and deep 327 

rooted, influenced by many factors operating at individual, organizational, industry and national levels. In 328 

such an interrelated work environment, close collaboration between the major stakeholders in the overall 329 

design process is needed to improve design quality, constructability, innovation and value engineering.  330 

331 
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5.2. Causes of design errors at the factor level 332 

First, design input information error and unreasonable intervention on design are two critical client-related 333 

factors causing design errors. In contrast, Andi and Minato (2003) revealed that client’s tendency to reduce 334 

design fee is an important factor affecting the quality of design documents. The importance of design input 335 

information has been frequently mentioned in past research (Yoon et al., 2021), but the influence of 336 

unreasonable intervention on design by the client has not been brought into attention previously. Due to the 337 

rapid development of the Chinese construction industry in the past three decades or so, some clients who 338 

repetitively construct projects, such as real estate developers, have become more and more sophisticated 339 

and stronger in making design-related decisions (Zhang et al., 2023). As a result, designers have weaker 340 

influences on the design process, such as finalizing design proposals, determining materials to be used, and 341 

arranging space usability and layouts. Too much intervention can also lead to frequent design changes, 342 

which further complicate the design process, make the designers feel frustrated, and lead to more design 343 

errors. 344 

Second, poor design ability of design development company and poor design skills of designers are 345 

two leading design company-related factors causing design errors. Design development companies usually 346 

have considerable input in detailing and optimizing design (Huang, 2020). However, these companies tend 347 

to be small in scale and are limited in their capacity to employ high-profile and experienced designers, 348 

which in turn limits their ability to provide high-quality design services. As to the skills of designers, 349 

referring to the practical application of knowledge in the design process (Ibrahim et al., 2021), similar to 350 

Assaf et al. (2018), inadequate experience and education is a major issue causing poor design quality in 351 

China. Specifically, designers in the Chinese construction industry have less experience of working on site, 352 

which limits their comprehensive understanding on the overall building or civil engineering works systems 353 
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as well as construction methods and process (Huang, 2020), leading to potential design conflicts among 354 

different design disciplines.  355 

Third, noncompliance with standard requirements and error in site geological survey document are 356 

two major geological surveying company-related factors responsible for design errors. The first author 357 

witnessed significant rework (over 10% of the foundation needed redesigning and reconstruction), delay 358 

and cost overruns occurred in designing and constructing the foundation of an industrial construction 359 

project because of incorrect soil composition investigation results. The root cause for the poor soil 360 

investigation is noncompliance with standard requirements by the geological surveying company to reduce 361 

cost, resulting in insufficient number of surveying points on site. The significant problem here is that these 362 

incorrect survey results, which are an important basis for foundation and structural design, are difficult to 363 

detect in the design review process. Notably, geological surveying errors may lead to more profound and 364 

cascading effects on the design quality and downstream design if they are related to important structural 365 

systems or components of buildings or civil engineering works. 366 

Finally, changes to design-related laws/regulations or standards/codes are two other critical factors 367 

causing design errors. There are a large number of design laws/regulations or standards/codes in China and 368 

it is a normal practice to make adjustments to them due to the evolution of best practices in the 369 

construction industry. Specifically, the popular application of digitalization and pre-manufacturing together 370 

with the development of more large-scale infrastructures (e.g., Hong Kong-Zhuhai-Macao Bridge) and 371 

skyscrapers (e.g., Shanghai Center) make it necessary to update the design laws/regulations or 372 

standards/codes to meet the trends. For instance, recently, the Ministry of Housing and Urban-Rural 373 

Development of China issued three adjustment notices related to joint connection technical code, concrete 374 

road surface technical code, and manufacturing plant design code. The majority of these requirements are 375 
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mandatory, which designers must strictly follow. When designers are not aware of these changes in the 376 

requirements, design errors may occur. Koo and O’Connor (2022) claimed that BIM can be valuable in 377 

performing detailed design tasks, especially in terms of compliance with design standards and codes. 378 

The KW test results indicated that designers working for different organizations have common 379 

understanding on the majority of the factors causing design errors. Similarly, O’Connor and Woo (2017) 380 

also revealed similarities in responses between clients and contractors regarding sources of problems in 381 

design deliverables. This result facilitates the development of general solutions to reduce design errors in 382 

the Chinese construction industry.  383 

5.3 Design error occurrence in different types of projects 384 

This research found that design errors occur more frequently in building works, which are somewhat 385 

different from past research conducted in other locations. As to the occurrence of design errors on different 386 

types of construction projects, Love et al. (2014a) found no significant variations in the cost of design error 387 

in different types of projects and procurement methods. In another study, Love et al. (2014b) revealed that 388 

design error costs in civil engineering projects are higher than those in fit-out projects. Love and Li (2000) 389 

reported that the cost of design errors is lower in building projects, accounting for 14% of rework costs. 390 

Lee et al. (2012) revealed that 54.42% of design errors occur in structures, followed by 33.82% in 391 

architecture and 11.76% in mechanical, electrical and plumbing system. The construction of high-rise 392 

buildings is common in China in recent years. High-rise building works include complicated structures and 393 

sub-systems, which are also affected by environmental factors, such as wind and earthquake loads (Huang, 394 

2020). This may be the reasons behind the frequent occurrence of design errors in this type of project. 395 

6. Implications 396 

An input-process-output model (Bernold and AbouRizk, 2010; Meng, 2014) was used to further interpret 397 
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the results about the critical causes and find more effective measures to reduce design errors in Chinese 398 

construction projects. According to the model depicted in Figure 2, if the design process is divided into 399 

input, process and output, the findings highlight the criticality of design input to reduce design errors. In 400 

order to produce high-quality design, designers need reliable information, particularly from clients and 401 

geological surveying companies. Less intervention from the clients is also advocated as it is helpful to 402 

reduce unnecessary design changes and increase designer's motivation which is valuable to improve the 403 

design quality (Love et al., 2014c; Wang et al., 2016; Liu et al., 2023). In addition, there should be better 404 

communication to ensure that designers are aware of changes to laws/regulations and standards/codes 405 

which affect design. Incorrect input will produce latent and profound consequences on the following 406 

downstream design process. In terms of the design process control, special attention should be paid to the 407 

capability of design development companies as design subcontracting is a normal practice in China and 408 

these companies complete a considerable portion of design work. Finally, designers' skill is critical for 409 

design quality. For instance, the skill of using virtual reality and other technologies could enhance their 410 

understanding on the actual construction process which in turn reduce design errors.  411 

<Place Figure 2 here> 412 

Based on the input-process-output model, it implies that if design errors can be detected in an earlier 413 

stage, their negative consequences can be reduced more effectively. However, in practice, design input 414 

problems are difficult to identify in the design review process (Palaneeswaran et al., 2014), which includes 415 

the internal design review by design companies, external design review by clients or design experts invited 416 

by clients, and final design review by the authorities in China. Therefore, all major stakeholders should pay 417 

special attention to the three essentials of design quality (completeness, correctness, and timeliness) as 418 

suggested by Woo and O’Connor (2021), meaning that designers should have and be well informed of all 419 

the required and accurate information in a timely manner. Specifically, more attention should be paid to 420 
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building works and mechanical and electrical works as these two types of works tend to have more design 421 

errors in Chinese construction projects. 422 

7. Conclusion and Future Research Directions 423 

While previous studies have examined the origins of design errors, there has been a notable absence of 424 

insights from design professionals across various Chinese organizations. Addressing this gap, this research 425 

identified the critical factors causing design errors, offering a comprehensive view from a 426 

multi-stakeholder perspective. Recognizing that different stakeholders may perceive the cause of design 427 

errors divergently is key to understanding the full spectrum of these issues.  428 

It was found that incorrect information and unreasonable intervention on design by the client, 429 

noncompliance with standard requirements and incorrect survey document by the geological surveying 430 

company, as well as changes to design-related laws/regulations or standards/codes are critical factors 431 

causing design errors in Chinese construction projects. This implies that the input in the design process is 432 

an important factor that determines design quality. In addition, the stakeholders had common 433 

understanding on the importance of nearly 90% of the factors causing design errors in construction projects. 434 

Notably, design errors are more prevalent in building projects compared to other types of works.  435 

These findings are critical to formulating more targeted and effective measures to reduce design errors 436 

in the Chinese construction industry. It is recommended that in the preliminary design phase, the input 437 

information provided by clients and geological surveying companies should be meticulously scrutinized by 438 

an assembly of stakeholders, including experienced construction companies who have local construction 439 

experiences. This collaborative review is vital, as flaws in design inputs are often not readily detectable 440 

during the design review process. Early detection of incorrect, insufficient or out-of-date information can 441 

be a cost-efficient approach to significantly reduce later-stage design and construction changes and 442 
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reworks. 443 

There are limitations in this research that need further exploration in future research. First, although 444 

design professionals are more directly involved in the design process and have a more comprehensive 445 

understanding of design errors, other professionals, such as construction managers, may also have 446 

hands-on experience in handling design errors. Hence, it is necessary to collect viewpoints from other 447 

types of professionals working on construction projects to get a broader understanding of this issue. 448 

Second, other data collection approaches (e.g., interviews) can be employed to obtain qualitative data to 449 

further complement the quantitative survey results in this study.  450 
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Figure caption list 610 
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Figure 1 Model for the causes of design errors 612 

Figure 2 Reducing design errors in Chinese construction projects 613 
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Table 1 Factors causing design error 618 

Factors (code) Literature source 

Dimension1: Client-related factors (CRF) 

Unclear project requirements (CRF-1) 
Andi and Minato (2004); Love et al. (2012); Yap et al. (2017); Woo and 

O’Connor (2021); Shoar and Chileshe (2021); O’Connor and Koo (2021b) 

Design input information error (CRF-2) Jingmond and Agren (2015); Yoon et al. (2021) 

Tight design schedule (CRF-3) 
Love et al. (2009b); Lopez et al. (2010); Love et al. (2014); El-Sayegh et 

al. (2020); Shoar and Chileshe (2021); O’Connor and Koo (2021b) 

Low design fee (CRF-4) Love et al. (2009b); Lopez et al. (2010); Assaf et al. (2018); Huang (2020) 

Concurrent design and construction requirements (CRF-5) Bogus et al. (2011); Dehghan and Ruwnapura (2014) 

Unreasonable intervention on design (CRF-6) 
Yap et al. (2017); Yap and Skirmore (2018); Shoar and Chileshe (2021); 

Zhang et al. (2023) 

Frequent changes in requirements (CRF-7) 
Zhao et al. (2016); Assaf et al. (2018); Shoar and Chileshe (2021); Zhang 

et al. (2023) 

Dimension2: Design company-related factors (DCRF) 

Poor design knowledge of designers (DCRF-1) 
Lopez et al. (2010); Love et al. (2014); Jingmond and Agren (2015); Assaf 

et al. (2018); O’Connor and Koo (2021b) 

Poor design experience of designers (DCRF-2) 
Love et al. (2009b); Lopez et al. (2010); Love et al. (2012); Love et al. 

(2014); Assaf et al. (2018); O’Connor and Koo (2021b) 

Poor design skills of designers (DCRF-3) 
Love et al. (2009b); Lopez et al. (2010); Love et al. (2012); Love et al. 

(2014) 

Poor ethics of designers (DCRF-4) Love et al. (2014c); Lohne et al. (2017); Huang (2020) 

Poor design accountability of designers (DCRF-5) 
Andi and Minato (2004); Love et al. (2009b); Love et al. (2012); O’Connor 

and Koo (2021b) 

Excessive design workload of designers (DCRF-6) 
Lopez et al. (2010); Ye et al. (2015); Assaf et al. (2018); Shoar and 

Chileshe (2021); O’Connor and Koo (2021b) 

Inadequate review of design preliminary documents 

(DCRF-7) 
Lopez et al. (2010); Yap et al. (2017) 

Misunderstanding of client's requirements (DCRF-8) 

Love et al. (2009b); Lopez et al. (2010); Wang et al. (2016); Assaf et al. 

(2017); O’Connor and Koo (2020); O’Connor and Koo (2021b); Koo and 

O’Connor (2022)  

Inadequate consideration of constructability in design 

proposal (DCRF-9) 

Ye et al. (2015); Yap and Skitmore (2018); Yoon et al. (2021); O’Connor 

and Koo (2021b) 



 31 

Inadequate design review and quality control policy 

(DCRF-10) 

Love et al. (2009b); Lopez et al. (2010); Love et al. (2012) Assaf et al. 

(2018); Shoar and Chileshe (2021); Woo and O’Connor (2021) 

Nonconformance to design process management 

(DCRF-11) 

Love et al. (2009b); Love et al. (2012); Assaf et al. (2018); Shoar and 

Chileshe (2021) 

Design work mismatching with designer's ability and 

experience (DCRF-12) 

Love et al. (2009b); Love et al. (2012); Hughes and Thorpe (2014); 

O’Connor and Koo (2021b) 

Inadequate communication among different disciplinary 

designers (DCRF-13) 

Andi and Minato (2004); Lopez et al. (2010); Ye et al. (2015); Assaf et al. 

(2018); O’Connor and Koo (2020); O’Connor and Koo (2021b); Koo and 

O’Connor (2022) 

Poor design ability of design development company 

(DCRF-14) 
Wang et al. (2016); Huang (2020) 

Inadequate payment incentives to designers (DCRF-15) Love et al. (2009b); Lopez et al. (2010); Jingmond and Agren (2015) 

Over reliance on design software (DCRF-16) 
Andi and Minato (2004); Love et al. (2009b); Lopez et al. (2010); Assaf et 

al. (2018) 

Inadequate application of modern technology (DCRF-17) Andi and Minato (2004); Love et al. (2012); O’Connor and Koo (2021b) 

Dimension3: Geological surveying company-related factors  (GSCRF) 

Noncompliance with standard requirements (GSCRF-1) Andi and Minato (2004); Hughes and Thorpe (2014)  

Error in site geological survey document (GSCRF-2) Andi and Minato (2004); Hughes and Thorpe (2014)  

Error in geological survey results (GSCRF-3) Andi and Minato (2004); Lopez et al. (2010)  

Incomplete geological survey documents (GSCRF-4) Hughes and Thorpe (2014); Hwang and Yang (2014) 

Dimension4: Other factors (OF) 

Changes to design-related laws/regulations (OF-1) Ye et al. (2015); Yap et al. (2017); Shoar and Chileshe (2021) 

Changes to design-related standards/codes (OF-2) 
Andi and Minato (2004); Lopez et al. (2010); O’Connor and Koo (2020); 

Koo and O’Connor (2022) 

Fierce competition leading to low design fee (OF-3) Lopez et al (2010); Love et al. (2012); Love et al. (2014c); Huang (2020) 

Unqualified design company trying to win the bid using 

improper methods (OF-4) 
Liu et al. (2011); Shan et al. (2017) 

Project nature (complexity, large scale, many disciplines 

involved) (OF-5) 
Lopez et al. (2010); Assaf et al. (2018); O’Connor and Koo (2021b) 

Poor communication among the stakeholders involved 

(OF-6) 

Lopez et al. (2010); Jingmond and Agren (2015); Shoar and Chileshe 

(2021); O’Connor and Koo (2021b); Koo and O’Connor (2022) 

Changes to design team or designers (OF-7) Love et al. (2009b); Assaf et al. (2018) 

Poor working conditions (OF-8) Lopez et al. (2010); Assaf et al. (2018)  

 619 
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Table 2 Profile of the respondents 620 

Category Profile Percentage Category Profile Percentage 

Age 

Less than 20 years old 0.00% 

Type of 

discipline 

Architect 31.69% 

21-25 years old 12.76% Structural designer 28.39% 

26-30 years old 21.81% Water supply and drainage designer 10.70% 

31-35 years old 27.57% 
Heating ventilation and 

air-conditioning (HVAC) designer 
2.06% 

36-40 years old 17.70% Electrical designer 2.06% 

41-45 years old 7.40% Landscape designer 8.23% 

46-50 years old 4.12% Interior designer 4.94% 

51-55 years old 8.23% 
Other (e.g., Exterior facade designer, 

Building Information Modeling) 
11.93% 

56-60 years old 0.41% 

Years of 

working 

experience 

Less than 1 year 11.93% 

Over 60 years old 0.00% 1-5 years 23.05% 

Type of 

organization 

Client 31.28% 6-10 years 18.93% 

Design company 53.91% 11-15 years 18.93% 

Geological surveying company 3.29% 16-20 years 13.99% 

Construction company 8.64% 21-25 years 7.00% 

Other (e.g., Consultant) 2.88% 
26-30 years 5.35% 

Over 30 years 0.82% 

 621 

 622 

Table 3 Mean score and KW test results 623 

Factor 

Mean value 

p 

Client 

Design 

company 

Geological 

surveying company 

Construction 

company 

Other 

CRF-1 3.93 4.04 4.19 3.75 4.86 0.009* 

CRF-2 4.05 4.01 4.29 3.75 4.57 0.111 

CRF-3 3.91 3.89 4.00 3.38 4.43 0.085 

CRF-4 3.61 3.78 3.86 3.75 4.00 0.701 

CRF-5 3.97 3.96 4.19 4.00 4.57 0.304 

CRF-6 3.87 3.90 4.19 3.63 3.57 0.271 

CRF-7 3.96 3.99 4.33 3.88 4.57 0.100 

DCRF-1 3.87 3.75 4.00 3.88 3.86 0.801 

DCRF-2 4.01 3.88 4.05 3.63 4.14 0.464 

DCRF-3 3.86 3.94 4.00 3.75 3.86 0.876 

DCRF-4 3.83 3.84 3.81 3.63 4.14 0.934 

DCRF-5 4.04 3.91 4.00 3.88 4.29 0.564 
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DCRF-6 4.11 4.07 4.29 3.50 4.14 0.082 

DCRF-7 3.70 3.79 3.86 3.38 3.86 0.651 

DCRF-8 3.82 3.89 3.95 3.75 4.00 0.938 

DCRF-9 3.53 3.50 3.86 4.25 3.71 0.073 

DCRF-10 3.46 3.66 3.62 3.50 3.14 0.576 

DCRF-11 3.79 3.76 3.57 3.75 3.57 0.691 

DCRF-12 3.78 4.11 3.86 3.38 4.00 0.008* 

DCRF-13 4.16 4.24 3.86 4.13 4.00 0.298 

DCRF-14 3.87 3.98 3.38 4.00 3.57 0.023* 

DCRF-15 3.83 3.93 3.95 4.00 4.00 0.926 

DCRF-16 3.76 4.15 4.10 3.63 4.43 0.009* 

DCRF-17 3.86 3.84 3.95 3.75 3.71 0.927 

GSCRF-1 3.62 3.86 3.90 3.25 4.00 0.285 

GSCRF-2 3.67 3.89 3.95 3.13 4.14 0.109 

GSCRF-3 3.82 3.89 4.14 3.25 4.14 0.210 

GSCRF-4 3.82 3.87 3.86 3.00 4.14 0.124 

OF-1 3.63 3.74 3.52 4.13 3.71 0.352 

OF-2 3.88 3.79 3.81 3.63 4.00 0.819 

OF-3 3.86 3.88 3.76 4.13 3.86 0.877 

OF-4 3.84 4.02 3.71 4.00 4.00 0.535 

OF-5 3.97 3.77 3.95 3.88 4.00 0.413 

OF-6 3.91 4.05 4.00 3.88 4.29 0.522 

OF-7 3.99 3.78 3.76 4.25 4.00 0.152 

OF-8 3.58 3.42 3.00 3.75 3.71 0.152 

Note: When the p-value is less than 0.05 (two-tailed), highlighted with *, perceptions are significantly different among the 624 

stakeholders. 625 

 626 

Table 4 Spearman’s correlation analysis results 627 

Dimension CRF DCRF GSCRF OF 

CRF 1    

DCRF .606** 1   

GSCRF .533** .684** 1  

OF .636** .627** .548** 1 

Note: **Correlation is significant at 0.01 level (two-tailed). 628 

 629 
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 630 

Table 5 Frequency of design error occurrence in different types of project 631 

Frequency Client 

Design 

company 

Geological 

surveying 

company 

Construction 

company 

Other Total 

Building  55.26% 59.54% 62.50% 47.62% 71.43% 57.61% 

Civil engineering  13.16% 14.50% 0.00% 33.33% 14.29% 15.23% 

Mechanical and 

electrical  
31.58% 25.95% 37.50% 19.05% 14.29% 27.16% 

 632 



 

Note: DE=Design error. 

Figure 1 Model for the causes of design errors 
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Figure 2 Reducing design errors in Chinese construction projects 
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Response to Reviewers Comments 
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Manuscript title: The causation of design error in the construction industry: A multi-stakeholder 

perspective   
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Dear Editor 

Many thanks for the feedback on paper Ref.: Ms. No. CFENG-4862 (The causation of design error 

in the construction industry: A multi-stakeholder perspective).  

We found the reviewers’ comments constructive and helpful in improving the paper further, 

and have addressed the suggested changes and responded to each point below. We have also taken 

the opportunity to check and edit the paper again and have track changed the paper to show the 

changes.  

 

Editorial Coordinator 

Comments:  
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Data Availability Statement, with specific items listed as appropriate. Please include the selected 

statements in a separate "Data Availability Statement" section in your manuscript, directly before 

the acknowledgements or references. The statement(s) listed in your manuscript must match those 

selected in response to the submission question. See ASCE's Data Sharing policy for more 

information. 

 

Response: Thank you. We added the following statement in a separate "Data Availability 

Statement" section in our revised manuscript, as the following:  

“Some or all data, models, or code that support the findings of this study are available from 

the corresponding author upon reasonable request.”   (Lines 452-453) 

 

2. Double-spaced list of figure captions: Please provide a double-spaced list of figure captions 

with your submission. This can be at the end of your manuscript text or uploaded as a separate 

Word file. If you have figures labeled as Figure 1a, 1b, etc., please make sure that the captions for 
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Response: Thank you. A double-spaced list of figure captions was added at the end of the revised 

manuscript text. 

 

3. Remove the figures from your manuscript text and upload them separately (one figure per file) 

in TIFF, EPS, BMP, or PDF format. Please reference the figure number in each file name. 

 

Response: Thank you. We removed the figures from the revised manuscript text and uploaded 

them separately in PDF format. We referenced the figure number in each file name.  

 

4. ASCE is now encouraging authors to add a Practical Applications section to their paper. The 

Practical Applications section is a concise plain-language summary (150-200 words) of the paper 

written for non-academic or practitioner audiences to identify the results, relevance, or potential 

applications the research describes. You can read more about requirements for the Practical 

Applications section in the Peer Review Process section of the ASCE Author Guide. 

 

Response: Thank you. A Practical Applications section was added in the revised paper, as the 

following:  

“The research findings have significant practical implications for various stakeholders to 

more effectively reduce design errors in construction projects. By identifying the critical factors 

leading to design errors from a multi-stakeholder perspective, this research provides a strong 

empirical foundation for developing novel evidence-based design quality management strategies 

to prevent the chronic problem of design errors in the construction industry. The results highlight 

that in addition to ensuring the capability of design development company and designers, design 

quality is heavily dependent on the accuracy of design input information provided by the clients, 

and compliance with standard requirements and high-quality site geological survey documents 

provided by geological surveying companies. Adequate time is needed in the preliminary design 

phase to thoroughly review the input information provided by clients and geological surveying 

companies. In addition, clients should avoid excessive interference in the design process and 

should instead empower the designers to determine design details or design solutions as these are 

helpful to reduce design changes and avoid potential design quality problems. Finally, 

stakeholders should also pay special attention to changes to design-related laws/regulations and 

standards/codes as these are major factors causing design error in the construction industry.”   

(Lines 37-51) 
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Reviewer #2 

Comments:  

1. In the submitted research, the critical causes of design errors in Chinese construction have been 

investigated. The study aimed to identify the critical causes of design errors from a 

multi-stakeholder perspective. However, the differences between different construction works and 

the reasons for design errors have not been studied. 

 

Response: Thank you for your comment. In fact, we have investigated the differences of design 

error occurrence in different types of projects and elaborate the reasons for differences of design 

error occurrence. However, in order to meet the paper length requirements of the journal, we have 

deleted these results in our previous submission. Following this comment, we added this part in 

the revised manuscript as the following: 

“……In addition, one single-choice question was used to find out the type of projects tend to 

have more design errors……”   (Lines 216-217) 

“4.3 Design error occurrence in different types of projects 

Respondents were also asked the type of project where design errors occur most frequently, 

and the results are shown in Table 5. Buildings primarily includes office buildings, residential 

buildings, and apartment complexes. Civil engineering projects mainly involve roadways, bridges, 

canals, dams and tunnels. Mechanical and electrical works are most related to the installation of 

HVAC systems, power systems, and fire-fighting systems. The majority of the respondents 

(57.61%) concluded that design errors most often occur in building projects, and this view is 

shared among different design stakeholders. Interestingly, clients, design companies, and 

geological surveying companies pointed out that after building works, design errors commonly 

occur in mechanical and electrical works, while construction companies argued that civil 

engineering projects are more problematic. 

<Place Table 5 here>”   (Lines 288-298) 

“5.3 Design error occurrence in different types of projects 

This research found that design errors occur more frequently in building works, which are 

somewhat different from past research conducted in other locations. As to the occurrence of design 

errors on different types of construction projects, Love et al. (2014a) found no significant 

variations in the cost of design error in different types of projects and procurement methods. In 

another study, Love et al. (2014b) revealed that design error costs in civil engineering projects are 

higher than those in fit-out projects. Love and Li (2000) reported that the cost of design errors is 

lower in building projects, accounting for 14% of rework costs. Lee et al. (2012) revealed that 
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54.42% of design errors occur in structures, followed by 33.82% in architecture and 11.76% in 

mechanical, electrical and plumbing system. The construction of high-rise buildings is common in 

China in recent years. High-rise building works include complicated structures and sub-systems, 

which are also affected by environmental factors, such as wind and earthquake loads (Huang, 

2020). This may be the reasons behind the frequent occurrence of design errors in this type of 

project.”   (Lines 384-395) 

“……Notably, design errors are more prevalent in building projects compared to other types 

of works.”   (Lines 435) 

 

2. Abstract: 

In the abstract, it is necessary to present the characteristics of the statistical population, including 

the number, expertise, and occupation. At least two or three highlighted results should be 

mentioned at the end of the abstract, including the most and least effective causation of design 

error. 

 

Response: Thank you for the suggestion. The characteristics of the statistical population, 

including the number, expertise, and occupation were added in the revised abstract. The most and 

least effective causation factors of design error were also included in the revised manuscript. 

Please refer to the following revised elaborations. 

“……Empirical survey data was collected from 243 design professionals (e.g., architect, 

structural designer, and water supply and drainage designer) across various stakeholders (e.g., 

client, design company, and construction company) in the Chinese construction industry……The 

major factors leading to design errors are design input information error, unreasonable 

intervention on design, noncompliance with standard requirements, and error in site geological 

survey document. In contrast, concurrent design, construction requirements and poor working 

conditions are the least influential factors……”   (Lines 22-30) 

 

3. Introduction: 

This section is well organized, but it is necessary to describe and discuss the research gap as the 

conclusion of the introduction section. 

 

Response: Thank you for the comment. The research gap has been identified and discussed in the 

Introduction section as the following in our previous submission.  

“Firstly, as design involves multiple disciplines and many stakeholders, it remains unknown 
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which stakeholders contribute more significantly to design errors……Secondly, research is limited 

in exploring the differing perspectives on design errors among project stakeholders.”   (Lines 

83-95) 

Following this suggestion, the research gap was further described and discussed as the 

conclusion of the introduction section, as the following.  

“As explained above, there is a lack of research on which stakeholders contribute more 

significantly to design errors and a comprehensive understanding on the different perspectives 

among stakeholders about the causes of design errors……”   (Lines 96-98) 

 

4. Research methodology: 

The second step needs more explanation. 

 

Response: Thank you for the comment. More explanation was added in the second step as the 

following:  

“……Second, descriptive analyses were conducted to obtain the mean values of the causal 

factors of design errors. Mean value results for different sub-groups and Kruskal Waillis (KW) test 

were used to compare the perspectives on the importance of design error causation factors among 

different types of design professionals working for various stakeholders. Since the data for the 

causes of design error was not normally distributed, Spearman’s correlation analysis was 

employed to ascertain the relationship between the four dimensions causing design error. The 

Spearman’s rho coefficient was used to evaluate the characteristics of the relationship between the 

variables, including the direction and strength of the relationship……”   (Lines 194-201) 

 

5. Results and discussion: 

From lines 264 to 274, it appears that the effect of the customer on design errors is more than 

other types of stakeholders, but in lines 368 to 370, it is stated that in China, there are many design 

errors in building works and mechanical-electrical works. In this research, how do you explain the 

difference between the reasons for design errors in different construction works? 

It seems that some causes of design errors are general, while others are a function of the type of 

construction work. It is better to pay more attention to this part. 

 

Response: Thank you for the comment. As responded in comment 1, in the revised manuscript, 

we added the investigation results related to the differences of design error occurrence in different 

types of project and elaborate the reasons for differences of design error occurrence. This can 
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avoid the confusion for the result. The added revisions are as follows:  

“……In addition, one single-choice question was used to find out the type of projects tend to 

have more design errors……”   (Lines 216-217) 

“4.3 Design error occurrence in different types of projects 

Respondents were also asked the type of project where design errors occur most frequently, 

and the results are shown in Table 5. Buildings primarily includes office buildings, residential 

buildings, and apartment complexes. Civil engineering projects mainly involve roadways, bridges, 

canals, dams and tunnels. Mechanical and electrical works are most related to the installation of 

HVAC systems, power systems, and fire-fighting systems. The majority of the respondents 

(57.61%) concluded that design errors most often occur in building projects, and this view is 

shared among different design stakeholders. Interestingly, clients, design companies, and 

geological surveying companies pointed out that after building works, design errors commonly 

occur in mechanical and electrical works, while construction companies argued that civil 

engineering projects are more problematic. 

<Place Table 5 here>”   (Lines 288-298) 

“5.3 Design error occurrence in different types of projects 

This research found that design errors occur more frequently in building works, which are 

somewhat different from past research conducted in other locations. As to the occurrence of design 

errors on different types of construction projects, Love et al. (2014a) found no significant 

variations in the cost of design error in different types of projects and procurement methods. In 

another study, Love et al. (2014b) revealed that design error costs in civil engineering projects are 

higher than those in fit-out projects. Love and Li (2000) reported that the cost of design errors is 

lower in building projects, accounting for 14% of rework costs. Lee et al. (2012) revealed that 

54.42% of design errors occur in structures, followed by 33.82% in architecture and 11.76% in 

mechanical, electrical and plumbing system. The construction of high-rise buildings is common in 

China in recent years. High-rise building works include complicated structures and sub-systems, 

which are also affected by environmental factors, such as wind and earthquake loads (Huang, 

2020). This may be the reasons behind the frequent occurrence of design errors in this type of 

project.”   (Lines 384-395) 

“……Notably, design errors are more prevalent in building projects compared to other types 

of works.”   (Lines 435)  
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