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Abstract: Meeting the future workforce demands of the construction industry is defined as one of
the main paths for sustainable engineering education. Quantity surveyors play a crucial role in
driving the digital transformation of the construction industry. There is a pressing need to cultivate a
significant number of engineering graduates who meet market demands to bolster the workforce
of quantity surveyors for accomplishing this core mission. In this context, this study examined the
main gaps existing between engineering graduates and quantity surveyors in terms of personal
competencies needed to successfully value projects. Through the participation of 262 individuals
(165 quantity surveyors and 97 engineering graduates), using a literature review, personal interviews,
and a questionnaire survey, it was possible to assess five competencies (sustainable competency,
budget competency, site management competency, engineering ethics, and settlement competency),
and determine significant differences between both groups. All personal competencies’ mean scores
are higher for quantity surveyors than for engineering graduates. Four competencies are found to
differ significantly between quantity surveyors and engineering graduates: sustainable competency,
budget competency, site management competency, and settlement competency. As the conclusion
derived from this study, it is recommended to introduce market-oriented mechanisms and establish a
dynamic engineering talent model driven by market demand through collaborative development
involving school-enterprise partnerships and the integration of expertise and creativity, aiming to
foster the development of social practice competency. Particular emphasis should be placed on
strengthening budget competency, site management competency, and settlement competency. The
findings guide the education, training, and practice of quantity surveying to deal with emerging
challenges in the dynamic market demand in China and beyond.

Keywords: competencies; skills; quantity surveyors; engineering graduates; gaps; construction
enterprises

1. Introduction

Quantity surveyors play a crucial role as construction cost professionals, measuring
and estimating the resources and costs required for construction projects while ensuring
adherence to budget constraints [1,2]. Traditionally, their focus has been on cost manage-
ment during the construction phase. Still, their diverse skills now enable them to contribute
significantly to financial and contractual management at various project stages [3,4]. The
economic downturn has underscored their importance, especially given the low profit
margins in construction projects. In the UK, for instance, the top 100 contractors reported a
pre-tax profit of approximately 1.5% in 2017. This emphasizes the challenges faced by small-
and medium-scale (SME) organizations within the construction supply chain, operating
at potentially even lower profit margins. Given the critical need to extract value and prof-
itability from capital investments, the expertise and core competencies of professionals like
quantity surveyors, who specialize in costing, become paramount [5]. Quantity surveyors,
equipped with knowledge in cost management and building methodology, significantly
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contribute to securing the success of construction projects. Their competency to aid clients
in accomplishing sustainable goals positions them as essential assets to the construction
industry [6].

It is commonly acknowledged that during the construction phase of a project, one
of the primary responsibilities of a quantity surveyor is to ensure effective cost manage-
ment and control [1]. Renowned for their expertise in measurement, quantification, and
preparation of bills of quantities, the Royal Institution of Chartered Surveyors (RICS) de-
fines quantity surveyors as professionals with skills in procurement, financial control, and
contractual management. This encompasses “managing expenses and overseeing costs on
behalf of others” [7]. The core competencies of quantity surveyors encompass estimating
construction expenses, quantification, preparing diverse contract documents (such as bid-
ding documents and cost planning documents), contract management, and formulating
final accounts [8]. While scholars identify “cost management” as the primary expertise
of quantity surveyors, followed by “estimation and financial control”, the evolving de-
mands of the construction industry require these professionals to improve their skills [9].
In response, contemporary quantity surveyors are extending their services to encompass
roles in project management [10]. Considering the intricate, segmented, and ever-changing
nature of the construction industry, where numerous parties are frequently engaged in
adversarial relationships, conflicts become nearly unavoidable [11]. Quantity surveyors
are anticipated to have a significant impact in proactively preventing conflicts, adeptly
managing disputes, and facilitating resolutions through established dispute resolution pro-
cedures [12,13]. Additionally, the future demands an increased focus on computer literacy
and information technology (IT) skills [2,14]. It is vital for quantity surveyors to rapidly
embrace advanced digital technologies like Building Information Modeling (BIM) to boost
productivity and maximize financial gains [15,16]. The evolving landscape also necessitates
quantity surveyors to obtain additional expertise on green building practices and cutting-
edge technical approaches to safeguard their standing in the construction industry. As the
industry witnesses the rise of smart buildings/cities and the exploitation of big data (BD),
artificial intelligence (Al), and machine learning (ML), quantity surveyors are compelled to
adapt to shifting industrial and owner needs. Developing emerging competencies becomes
essential to advance construction quality and facilitate continual professional development
in the competitive landscape of the modern construction industry [17-19].

The field of quantity surveying consistently deals with challenges and opportunities
in evolving environments [20]. These opportunities often go untapped, primarily due
to insufficient relevant skills and competencies. To fully harness these prospects, it is
imperative to address the deficiency in skills [5]. In response to these challenges and the es-
calating complexity of civil engineering projects, quantity surveyors must be appropriately
competent and committed to continuously developing their competencies. Wao (2016) [18]
emphasizes the areas where quantity surveyors may be involved in the future, particularly
in areas such as IT and sustainable construction, spanning the next 10-15 years. In recent
years, the importance of BIM has witnessed a considerable surge. However, a significant
obstacle to its widespread integration in the construction industry persists in the form
of a shortage of knowledge and skills [21]. The remedy lies in training existing quantity
surveyors and engineering graduates, ensuring that they possess the necessary knowl-
edge, skills, and proficiency in BIM that align with their respective disciplines [22,23]. The
Australian Institute of Quantity Surveyors (AIQS) (2004) has recognized the significance
of educational and training efforts. These initiatives, concentrated on improving skills
and knowledge, as well as fostering continuous professional development, are deemed
crucial for the advancement of the quantity surveying profession [24]. These skills can
be acquired through higher education or individual growth. For construction industry
practitioners, specific fundamental skills and knowledge are expected, ideally accepted
at universities, colleges, or higher education establishments [25]. In foreign countries,
especially in developed nations, professional competency standards are formulated by
industry associations to guide universities in establishing relevant course systems and
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conducting professional certification. Obtaining certification from industry associations
becomes a key factor for engineering graduates to transition into professionals in the field
successfully [26]. The ultimate goal of engineering graduates’ training is to meet the indus-
try market’s needs fundamentally. However, Perera and Pearson (2011) highlight that the
current education system falls short of meeting the demands of the industry, resulting in a
misalignment between the competencies of quantity surveying graduates and industrial
requirements [27]. Examining the competencies of quantity surveying graduates in Sri
Lanka, Yogeshwaran et al. (2018) found that a significant portion of these competencies
does not meet industry standards [3]. This discrepancy is frequently denoted as “skill and
competency gaps”, recognized as a crucial factor leading to graduate unemployment and
employer discontent within the construction industry. It is essential to examine the primary
disparities in personal competencies required for project success between engineering
graduates and quantity surveyors. These recognized gaps will form the foundation for
educational endeavors, training initiatives, and continuous professional development for
quantity surveyors. The goal is to elevate the quality of services and secure the resilience of
cost management firms in fiercely competitive markets.

A guiding direction for the standard system of competencies of quantity surveyors
has been provided by the China Cost Engineering Association (CCEA). Building upon
this guidance, a literature review was conducted to summarize the relevant research
results domestically and internationally, which is conducive to forming a more precise
competency framework for Chinese quantity surveyors. Subsequently, a questionnaire
was employed to assess the competency framework of quantity surveyors, examining
the current abilities of senior quantity surveyors and engineering graduates separately.
The goal was to analyze the primary gaps existing between engineering graduates and
quantity surveyors concerning the personal competencies crucial for achieving success in
a project-oriented environment. This research aids in identifying the essential personal
competencies needed by quantity surveyors in China and understanding the actual training
and learning requirements of engineering students to better prepare them for entering their
professional career after graduation.

2. Literature Review
2.1. The Competencies of Quantity Surveyors

Competency involves the effective application of a cohesive set of interlinked exper-
tise, abilities, competencies, and individual qualities essential for accomplishing “critical
work functions”, which ultimately results enhanced employee effectiveness [28]. Babalola
(2009) regarded a competent quantity surveyor as an individual expected to encompass a
variety of skills, knowledge, and comprehension. Furthermore, this professional should
utilize these skills and knowledge in diverse contexts [20]. The distinctive competency of
quantity surveyors lies in their expertise in measurement and valuation [15], involving
forecasting, analyzing, planning, controlling and accounting [29]. Quantity surveyors con-
tribute to cost-effectiveness through project construction process management. They aim to
control the project cost, mitigate risks, and enhance the project’s value, ensuring clients’
economic benefits. Because of the global problem of project cost overruns, governments
and enterprises have increasingly recognized the need for more effective cost reduction in
construction projects. This has led to a growing awareness of the importance and value of
engaging expert quantity surveyors [30].

The increasing recognition of the pivotal role of quantity surveyors in organizations in
the past few decades has prompted the development of international competency frame-
works. The competencies expected of quantity surveyors have been outlined and detailed,
providing a comprehensive overview of the functional components of each unit, which
includes performance standards, range indicators, and evidence guidelines, as specified
by the RICS, the Pacific Association of Quantity Surveyors (PAQS), the Association for
Advancement of Cost Engineering (AACE), etc. [20]. The performance standards specify
the outcomes required to demonstrate satisfactory performance for each competency ele-
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ment. Range indicators define the scope to which performance standards are applicable,
while evidence guidelines offer tangible outcomes that demonstrate satisfactory compe-
tencies [20,31]. These criteria for competency guide both individuals and organizations
in defining, assessing, and developing quantity surveying competencies, with their ap-
plication expanding internationally. In general, the competency framework in different
regional industry associations generally shows that the practical ability of quantity sur-
veyors should contain three levels: basic abilities, core abilities, and professional abilities.
And there are different specific requirements according to different occupational scopes
and service objects [32].

The field of quantity surveying has continuously been recognized as vibrant, and its
ever-changing nature shapes the abilities and proficiencies needed to address evolving
requirements promptly. This dynamism is evident in the diverse skills and competencies of
quantity surveyors emphasized by the RICS at various junctures [33]. In the early years, the
quantity surveyor was preeminent for its expertise in measuring, quantifying, and compil-
ing bills of quantities. Expanding upon the RICS definition, the quantity surveyor processes
skills in procurement, financial, and contractual controls, covering comprehensive aspects
of cost control and expenditure monitoring on behalf of clients or third parties [17,18,34].
This underscores the distinctly recognized “technical” role of quantity surveyors during
that period. In fact, throughout history, this “technical” role has been the most widely ac-
knowledged aspect of the quantity surveyors’ responsibilities [14,15,33]. Deviating from its
traditional “technical” role, RICS has subsequently promoted the various roles of the quan-
tity surveyor as “the building economist”, “cost engineer”, “procurement consultant”, and
“cost consultant”. These roles have bestowed a fresh “managerial” image upon them [33].
The role of quantity surveyors has broadened beyond the measurement and estimation
of costs in construction projects, which now encompasses emerging responsibilities such
as risk management, quality control, dispute resolution, and payment management [7].
Despite the continued importance of technical competencies, future quantity surveyor ser-
vices within an ever-changing environment are expected to require enhanced competencies
in management-oriented skills [28]. In addition, conflict avoidance, business planning, sus-
tainability consultancy, accounting principles, ethics and professional practice, and client
care are considered the core competencies of a proficient quantity surveyor [9,35]. Shafie
et al. (2014) [8] and Cunningham (2014) [15] asserted that incorporating and applying soft
skills is crucial for quantity surveyors to foster their competencies in terms of collaboration,
analytical thinking, and decision-making proficiency.

The construction industry is adopting high-tech digital tools like BIM to enhance
efficiency and optimize earnings [36]. Quantity surveyors need to quickly embrace these
advanced technologies to ensure the longevity of their professional careers [37]. From a
cost management standpoint, many scholars have recognized BIM as a valuable tool for
supporting the generation of estimates. BIM facilitates the precise and automated extraction
of quantities, empowering quantity surveyors to collaborate seamlessly with various
disciplines and visualize the envisioned development [38—42]. In 2016, Kamaruzzaman et al.
underscored the BIM adoption of quantity surveyors in cost estimation. The competency
was classified into three primary dimensions: visualization of data (e.g., preparation of bill
of quantities, whole life cycle costing, contractual documentation), stable database (e.g.,
estimating, quantity takeoff), and coordination of data (e.g., storing, sharing, and accessing
information) [42—44]. Meanwhile, competency is also required for quantity surveyors to cite
BIM to strengthen team communication and enhance interoperability in the construction
phase [38].

Quantity surveying is defined as a client-driven profession, wherein quantity survey-
ing professionals address client requirements and must continually upgrade their skills to
meet the ever-changing requirements of project owners [18]. Since the 21st century, quantity
surveyors have expanded their roles to encompass broader responsibilities across every
phase of the building life cycle, which includes involvement from project inception and
design to obtaining consent, procurement, construction, commissioning of the completed
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building, and retrofitting or upgrading during the service stage [1]. Consequently, several
new roles have emerged within the quantity surveying profession, placing heightened
importance on satisfying customers’ requirements. Quantity surveyors now engage in
procurement, planning for design costs, comprehensive life cycle costing, value optimiza-
tion, and risk assessment and control. As buildings shift their focus towards engineering
services, there is an increased focus on measuring the cost and value of such services.
Additionally, evolved roles encompass project and construction management, facilities
management, managing contractual conflicts and legal disputes, and performing insurance
valuation [14,33]. Different roles and responsibilities require quantity surveyors to address
the requirements of their clients effectively. The work content of quantity surveyors will
show a relatively fixed range due to the different occupation scope, service object, and
project stage. For instance, authors such as Elhag (2005) [45], Crafford and Smallwood
(2007) [46], and Ashworth (2013) [14], while restricting the responsibilities of quantity
surveyors employed in construction enterprises during the construction phase, the role
of the consultancy quantity surveyor has been expanded to cover the entire building life
cycle. This includes responsibilities expanding beyond the phase of capital development:
BIM spans into the subsequent stages of operation, maintenance, upgrades, and even-
tual disposal. Nevertheless, the range of services can be tailored to any stage of project
development or the building life cycle, as determined by the client or employer [1]. Cun-
ningham (2014) argues that there is no place for complacency, and the quantity surveyor
must take proactive measures to meet client expectations in an increasingly competitive
and interconnected global landscape [15].

The evident shift in climate patterns and ongoing depletion of natural resources have
notably affected our constructed surroundings. As a result, industries worldwide are
increasingly embracing sustainable developments and products [47]. As project sponsors
or owners aim to minimize energy usage and optimize the utilization of eco-friendly
materials, formulating a precise cost estimate and plan has become more complex [9]. To
effectively provide cost advisory services for sustainable projects to customers and other
professionals in the field, quantity surveyors need to enhance their competencies and
knowledge continually. Understanding green products and materials has been identified as
a critical advantage for quantity surveyors to sustain their professionalism in the field [47].
The evolving services related to green buildings also encompass the development of
sustainability strategies, the assessment of life cycle costs (constructional elements and
construction materials), selecting “Green Contractors”, constructing cost databases of green
projects, providing advice for engineering projects, and assessing the sustainability of
property [9,47].

As the times undergo change and development, science and technology continually
update and iterate. The needs of owners/customers evolve, leading to a continuous trans-
formation of the role of quantity surveyors and an expansion of capability requirements.
And it requires that quantity surveyors need to consistently participate in lifelong learning
to stay updated on the rapid progress in technology and knowledge, significantly influ-
encing their present and future service offerings [1,20]. Frei et al. (2013) [48] support this
idea, suggesting that quantity surveyors should continually analyze the external business
environment to identify future directions that are important to the business. They promote
the development of strategies to realign their positions, viewing changes as chances rather
than risks [1,48].

After conducting an extensive meta-analysis of the literature, Tables 1 and 2 pro-
vide a compilation of the most widely mentioned fundamental, core, and developing
competencies expected of a quantity surveying professional.
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Table 1. The competency indicators of quantity surveyors (institutions).

Resources Dimensions

Competency Indicators

Mandatory competencies

Communication and negotiation; health and safety; data management, etc.

RICS (2018) [2] ~ Core competencies

Commercial management; control and reporting, etc.

Optional competencies

Commercial management; conflict avoidance; programming and planning, etc.

Basic skills

Quantification/measurement; communication skills; personal and
interpersonal skills, etc.

Project cost management

AIQS (2020) [35] competencies

Strategic planning; construction change management; financial audit; resource
analysis, etc.

Support competencies

Computer services; business management; life cycle cost analyses, etc.

Asset financial management
competencies

Special assessments; audits; technical due diligence; compliance issues

Basic knowledge and skills

Computer operation; expansion capability, etc.

Cost estimation and control

Basic knowledge of cost; risk analysis/contingency, etc.

AACE [49]
Project management Resource/productivity management; contracts and contract management, etc.
Economic analysis Value analysis; value prediction, etc.
. . Quantification/measurement; communication skills; business and
Basic skills .
management skills, etc.
PAQS [50] . . . - . o :
Core competencies Cost management; procurement; contract administration; feasibility studies
Specialist competencies Special assessment; business management; life cycle cost analysis, etc.
Contract administration and management; professional and business
Mandatory .
ethics, etc.
. Building inf ti delli lication; data collecti d analysis; lif
SISV [51] Elective uilding information modelling application; data collection and analysis; life
cycle costing and analysis, etc.
Optional Business negotiation; continuous improvement management; critical thinking;
P technology application, etc.
Prepare and review project proposal and bill of quantities; optimization
Basic skills scheme; deal with project economic disputes; economic and social
CCEA [52] development planning, etc.
Developing skills Information technology; full life cycle management; engineering ethics
Table 2. The competency indicators of quantity surveyors (experts).
Resources Dimensions Competency Indicators

Mbachu (2015) [1] -

Negotiation skills; communication skills; teamwork; interpersonal
skills; data management; client relationship management; conflict
management; attention to details; measurement/quantification;
self-confidence; can-do attitude, etc.

Yogeshwaran (2018) [3]

New emerging competencies

Risk management; quality management and financial
project appraisal

Seidu (2020) [5] -

Quantitative and analytical skills; communication skills; artificial
intelligence (AI) skills; collaboration and integration

Shafiei (2008) [8] -

Quantification/measurement; analysis; interpersonal skills;
communication; management; appraisal/evaluation; leadership, etc.

Ashworth (2013) [14] Basic skill

Management; documentation; analysis; appraisal; quantification;
synthesis and communication

Cunningham (2014)
[15]

Financial management; contract administration; project management;
professional and interpersonal skills




Sustainability 2024, 16, 2984

7 of 30

Table 2. Cont.

Resources

Dimensions

Competency Indicators

Dada (2012) [20]

Core competency

Feasibility / viability studies; development economics; cost planning
and control; estimating; construction procurement system; contract
documentation, etc.

Optional competency

Economic management of urban infrastructure

Special competency

Facility and risk management

Yap (2022) [28]

Basic/core competency

Business management; contract documentation;
personal/interpersonal skills, etc.

Evolving skills

Life cycle cost analysis; strategic planning; information technology;
quality assurance; financial auditing; capital allowances, etc.

Antwi-Afari (2018) [36]

Technological skills; innovative and entrepreneurial skills; social
image and talent management skills

Saka (2020) [43]

Knowledge of BIM

Construction design and contracting procedures; merits and demerits
of BIM for design/construction/operation processes; information
management, etc.

Skills of BIM

Basic BIM operating skills and other advanced skills

Musa (2010) [53]

Future role

Computer literacy and information technology skills

Fung (2014) [54]

BIM capabilities

Cost appraisal capacity; cost estimation capacity; cost planning
capacity; information management capacity; cost checking capacity

Ashworth (2018) [55]

Pre-contract role of the quantity

surveyor

Preliminary cost advice; procurement advice

Post-contract role of the
quantity surveyor

Project cost accounting; work progress payments and claim
management; preparation of loss adjustment; cost audit

Sun (2018) [56]

Professional skills; communication skills; continuous learning, etc.

Xu (2016) [57]

Professional competency

Application of cost software; professional knowledge of cost
engineer; engineering practical experience; computer knowledge, etc.

Comprehensive management

Comprehensive analysis ability; rapid response ability;
communication ability; coordination ability; observation ability

Cultural knowledge; health; ethics; ability to withstand pressure;

Individual li ) . ..
ndividual quality innovative thinking
Cost management; contract management; scheme comparison;
Performance investment estimation; design budget; construction drawing budget;

tender price and bid quotation

Guo (2011) [58]

Engineering settlement; engineering settlement audit; professional
ethics; risk and legal awareness; internal management

Zhang (2022) [59]

Professional knowledge skills
and abilities

Professional knowledge; application ability; self-study ability;
tendering service ability, etc.

Comprehensive management
abilities

Judgment ability; emergency ability; coordination and
communication ability; organizational and management ability, etc.

Individual inner abilities

Ethical qualities; physical health; adequate cultural literacy; learning
ability, etc.

2.2. Challenges for Quantity Surveyors

The shifts in the market, construction industry, and client demands have presented
challenges but broad prospects for development in the quantity surveying profession.
Therefore, quantity surveyors have initiated the exploration of new potential roles. Beyond
their traditional responsibilities, there is an anticipation for quantity surveyors to undertake
evolving roles in the profession, placing heightened importance on addressing clients’
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requirements. The ongoing evolution of roles within the industry has made it difficult for
quantity surveyors to sustain competitiveness in the construction labor market [33].

The historical acknowledgment of the quantity surveyor’s role has predominantly
centered on its technical aspect. Because of this inherent nature, there has been a belief that
the tasks executed by a quantity surveyor could be easily substituted by either an individual
or a machine proficient in basic arithmetic calculations. This perspective has prompted
construction industry experts to continually advocate for enhancing technological expertise
within the quantity surveying profession [18,33,60]. Per Ashworth et al. (2013) [14], the
evolution of quantity surveyor services in the future is expected to be shaped by various
factors. These factors encompass customer orientation, the novel utilization of information
and communication technology (ICT), and the emphasis on sustainability goals. The
profession consistently encounters challenges and opportunities in emerging markets,
necessitating acquiring relevant skills and competencies [14,61]. For example, the main
challenge facing the industry in South Africa is taking on roles beyond the conventional
scope of quantity surveyor services and tackling the deficiency of pertinent expertise in
the emerging generation of professionals. These challenges are closely linked to technical
shortcomings, including a lack of knowledge, essential skills, and competencies required
for future careers [28].

With the construction industry facing increasingly sophisticated customer require-
ments beyond traditional competencies, quantity surveyors are urged to update their
competencies. This involves assuming new roles and shouldering additional responsibili-
ties, including the adoption of advanced ICT such as BIM, BD, and Al These technologies
enable more precise and automated cost estimation and planning from the inception of
a construction project [9,37]. The significance of digital technology has increasingly man-
ifested in recent years [5,62]. The construction industry is actively adopting advanced
digital technologies to improve productivity, maximize profits [9,16,63], enhance the work
performance of quantity surveyors, and optimize project performance [41,43]. For ex-
ample, BIM allows for the digital creation of precise virtual building models, ensuring
their use throughout the entire life cycle and contributing to a safer and more productive
environment [64]. Moreover, BIM simplifies the accessibility and sharing of building data
for diverse functions, such as model creation and design, quantity takeoff and cost esti-
mation, energy analysis and data management, and standardization [43]. Furthermore,
BD allows the assessment of tenders against historical data through the application of
algorithms. These algorithms can compare and contrast extensive sets of construction data
and documentation. By fully leveraging past project cost data, BD facilitates the initiation
of data mining examinations, establishing a foundation for the tender analysis of both new
and existing construction projects [5,65]. BD technologies can aid in assimilating crucial
and extensive cost data required by stakeholders to produce precise cost projections and
social effects, ultimately resulting in increased value [5]. Thirdly, ML, being a subset of
Al presents a practical solution to address inaccuracies in cost estimation and time delays,
aiming to minimize or prevent such occurrences. Clients expect a favorable project return,
while construction enterprises aim for profit maximization. This approach is feasible due
to the construction industry’s ability to generate substantial data through the involvement
of various parties in the construction process, which can be collaboratively employed for
ML [5]. However, a significant challenge highlighted in the literature is the insufficient
competencies in information technology. Hence, there is an urgent requirement for quantity
surveyors to be well-informed and proficient to thrive in the contemporary construction
industry [43,66]. And the results suggest that quantity surveyors do not necessarily have to
be specialists in digital technology to play a part in the future. The primary focus should
be on developing expertise and specific functionalities within their domain to a compe-
tent level [43]. Therefore, future quantity surveying professionals would have to acquire
some skills and capabilities, such as evolutionary algorithms, artificial neural networks,
knowledge discovery, regression modeling, data integration and fusion, etc. [5,65]. Further-
more, related studies also state that the quantity surveying profession encounters notable
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challenges in meeting the demands of green building. “Suitability analysis” was identified
as the highest-priority competency for quantity surveyors to ensure the longevity of their
business in the construction industry [9].

Evolving customer demands are increasingly focused on the comprehensive capabili-
ties of quantity surveyors. Mbachu (2015) [1] observed that quantity surveyors’ businesses
should maintain a broad and diversified portfolio of service offerings. This strategy helps
them evade the impact of fluctuations in the business environment, where opportunities
may decline in certain areas while rising in others. While focusing on core strengths is ad-
vantageous, diversifying into additional service lines could ensure their business resilience
during economic downturns in their existing areas of specialization. Therefore, quantity
surveying is now an amalgamation of various disciplines, encompassing legal contracts,
building economics, and data management [9]. In this position, the quantity surveyor is
anticipated to play a role throughout the complete duration of the construction project
and beyond, assuming a heightened managerial responsibility [33]. For example, quantity
surveyors are required to participate in project management, carry out cost analysis of
construction technology, or select suitable construction technology based on a limited
amount of money, reasonable arrangement of the construction schedule, or an innovative
construction scheme according to the project cost. The project cost’s judicial appraisal is
carried out for project price disputes arising in the project, proposal of the improvement
direction of BIM and other building digital tool software according to their own experience,
or directly participation in the research and development of construction cost software.
Moreover, the essential emerging competencies for quantity surveyors are reflected in the
holistic management of processes related to risk, quality, and value engineering [3,9,36,37].

Quantity surveyors must uphold good professional ethics and adhere to ethical stan-
dards in the construction industry as they advance in their careers [18,67]. This will enhance
their attractiveness to owners as contributors of value in construction projects. The construc-
tion industry is commonly considered one of the most prevalent sectors for corruption [18].
The conceptual aspect of construction, extended supply chains, confidentiality, and the
intricate nature of the industry render it highly vulnerable to unscrupulous and dishonest
behaviors [67]. Adhering to good professional ethics helps them avoid certain troubles
in their careers, such as tender collusion, kickbacks, concealment of sub-standard work,
and overbilling, among others [67,68]. This, in turn, enhances the credit rating of quantity
surveyors. Meanwhile, quantity surveyors also have good psychological quality. The
study indicates that standards of morality may be compromised when management applies
excessive pressure on employees to deliver favorable outcomes [67]. Strong anti-pressure
ability will ensure that quantity surveyors quickly adapt to tedious work.

China’s global strategy has propelled its construction industry to enter overseas
markets. The research shows that the quantity measurement industry has undergone a
substantial transformation due to evolving industry and owner requirements, as well as
increased competition in the global construction industry marked by large-scale projects
and diverse specialists [18,69]. The younger generations of quantity surveyors will en-
counter new challenges when working with individuals from diverse cultural backgrounds.
For example, a quantity surveyor employed in Malaysia needs to factor in the estimation
of additional construction land costs, considering that a majority of Malaysian construc-
tion workers are required to pray at designated times for religious reasons. This entails
the necessity of providing prayer rooms [9]. Therefore, quantity surveyors should have
an international vision and cross-border thinking and be good at arranging engineering
activities or cost management according to the customs and religious beliefs of different
countries and nations. Moreover, quantity surveyors encounter diverse opportunities and
challenges in fields beyond the construction industry, such as development assessment, tax
planning, technical audits, fire insurance assessment, fire loss adjustment, and maintenance
management [20].
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Faced with a complex and evolving market or customer demands, quantity surveyors
should continuously enhance their skills and expertise. This involves aligning with national
strategic deployment and industry development trends, planning for learning and updating
new knowledge, and proficiently using advanced technology to improve the accuracy and
quality of work results. The goal is to optimize the economic benefits of construction
projects. In this context, quantity surveyors need to embrace lifelong learning to cope with
the changing and increasing occupational competency requirements [33].

2.3. Research Gaps

Through summarizing and analyzing the existing research findings, domestic and
foreign scholars have systematically investigated the competency frameworks and indi-
cators of quantity surveyors. They have identified the challenges and opportunities for
the career development of quantity surveyors, laying a good foundation for deepening
the cultivation of quantity surveyors’ core competencies, which is mainly reflected in the
following aspects.

Firstly, the digital transformation of the construction industry is an inevitable trend
in future market development, with digital technology represented by BIM sweeping the
world. However, the shift from conventional methods to innovative approaches poses
significant complexity, particularly in the construction sector, which exhibits a slower pace
in embracing advancements compared to industries like manufacturing [43,70]. The con-
struction industry faces challenges such as a shortage of talent, insufficient expertise in BIM,
and limited practical experience among graduates. These issues are considered the primary
obstacles hindering the application and promotion of BIM in the field of construction [19,43].
The growing demand has escalated the requirements for quantity surveyors within the
industry to receive advanced training and education and cultivate a more profound un-
derstanding of BIM-related products and processes. The adoption of BIM relies heavily on
the capacity of existing surveyors and recent graduates to gain the skills and training for
applying BIM. This imposes an extra load on employers [62], causing certain construction
companies to hesitate in implementing BIM, citing apprehensions related to financial and
temporal consequences [5]. Construction companies and experts posit that essential and
critical competencies and knowledge are more effectively obtained through university
education [25]. This is because there is a necessity to position them within a more suitable
competency development framework to guarantee their ongoing relevance [20]. Moreover,
college students exhibit a high aptitude for adapting new technologies, which can speed
up the promotion of new technologies and solve problems at the source to achieve better
results (existing studies mainly focus on the skills training of existing quantity surveyors
and rarely take students as research objects). More importantly, training BIM and other
digital technologies in schools can effectively lower enterprise costs in this area and can
be widely supported at the social level. Consequently, enhancing engineering graduates’
skills and knowledge in school education and training has been identified as a key factor
contributing to the advancement of the quantity surveying profession [20].

Secondly, quantity surveyors’ professional competency is reflected in meeting market
and customer needs, but these needs are dynamic. The traditional training and education
models are frequently criticized for their inadequate alignment with the actual needs of the
industry [20,71]. The current education system falls short of meeting the requirements of
the construction industry. There exists a competency gap between the quantity surveying
graduates and the industry’s needs [9,72]. Therefore, there is an urgent need to investigate
the real needs of society to identify the competencies needed by quantity surveyors in
the current and future construction industry [73]. Based on these findings, universities
ought to provide inventive curricula, instructional approaches, and training or retraining
initiatives that encompass not only discipline-specific competencies but also a broader set
of occupational competencies [33]. Moreover, positive feedback between the university and
the industry must be established to carry out school-enterprise cooperation effectively. This
aims to realize complementary advantages between schools and enterprises. Universities
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offer avenues for the industry to enhance their practices, and the industry provides projects
for the university to explore [9], thus cultivating many graduates who are popular in the
market and possess a solid technical comprehension, a broader application of business skills,
and a dedication to lifelong learning [33]. Hence, it is essential to modernize universities to
make the engineering graduates more responsive to stay abreast of the ongoing changes in
the construction industry [18].

Thirdly, the scope of work for quantity surveyors spans the entire life cycle of the
project. As a result, there are numerous competency indicators, and significant differences
exist due to varying service content and customer needs. If all indicators are investigated
and studied, the result may be poor due to the enormous workload. This is not conducive to
follow-up education practices. Therefore, it is advisable to select representative competency
indicators for detailed research. Based on data from the National Bureau of Statistics of
China, construction enterprises make up 70% of the total number of construction enter-
prises [74], and the number of quantity surveyor employees is among the highest. Taking
the quantity surveyors’ competencies of construction enterprises as the benchmark, the
quantity surveyors’ core vocational abilities of social demand are investigated and com-
pared with the current situation of the competencies of engineering graduates to determine
whether the gaps between the two can have a positive effect. It is beneficial to carry out
targeted education practices based on quantity surveyors’ competencies of construction
enterprises.

3. Research Objective

This paper focuses on individual competencies of engineers talents and their careers as
quantity surveyors of construction enterprises in China, requiring further exploration and
explanation. This study investigates evidence highlighting the gaps between engineering
graduates and quantity surveyors, providing valuable insights into identifying the key
competencies needed for future quantity surveyors. Additionally, it aids in understanding
the developmental and educational requirements of engineering students, preparing them
for professional practice in the future [75]. Considering the need for further investigation,
this study aims to explore the following research question:

What are the main gaps between engineering graduates and quantity surveyors of
construction enterprises regarding the personal competencies needed to cope with changing
and increasing client needs?

4. Method

The research was carried out in the following three stages, as shown in Figure 1.

Stage 1: Identification of competency framework of quantity surveyors in Chinese
construction enterprises. This stage aimed to identify a set of personal competencies for
measurement in the research, facilitating quantitative analysis of the main gaps between
engineering graduates and quantity surveyors. Initially, through a detailed literature re-
view and drawing upon the competency frameworks of institutions such as the Royal
Institution of Chartered Surveyors (RICS), the Pacific Association of Quantity Surveyors
(PAQS), the Association for Advancement of Cost Engineering (AACE), and the China
Cost Engineering Association (CCEA), a comprehensive dimension and indicator scope
for quantity surveyors’ competencies were derived. Simultaneously, in alignment with the
research objectives, the competency framework and indicator range for quantity surveyors
in construction enterprises were determined based on the life cycle stage of construction
projects, corresponding job responsibilities, and the specific behaviors or characteristics
expected from quantity surveyors. This laid the theoretical foundation for exploring the
competencies of quantity surveyors in Chinese construction enterprises [76]. To further
enhance the scientific and rational competency framework and indicators for quantity
surveyors in construction enterprises, considering the unique characteristics of China’s
construction industry, 10 quantity surveyors with over ten years of experience in cost man-
agement were selected from various Chinese construction enterprises for semi-structured
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personal interviews. These interviews aimed to refine the competency indicators obtained
from the literature review and introduce new competencies and metrics identified by expe-
rienced professionals. The interviewed quantity surveyors represented diverse professional
backgrounds, including housing construction, road engineering, bridge engineering, prefab-
ricated construction, and so on, ensuring the independence and heterogeneity of the sample
data. These interviews were conducted individually with each quantity surveyor; they were
asked to select competency indicators for quantity surveyors in construction enterprises
based on their experience and respond to open-ended questions [77]. Through a synthesis
of the literature review and expert interviews, 27 competency indicators were proposed
as valid for analyzing the personal competencies of quantity surveyors in construction
enterprises and engineering graduates.

Stage 2: Data collection by survey administration. Building upon the performance of
the previous stage, the investigation questionnaire was compiled into two parts. The first
part aimed to gather basic information about respondents, including gender, educational
background, work experience, and the type of corporation. The second part focused on in-
vestigating the competencies of quantity surveyors in construction enterprises, comprising
27 items. To measure these competencies, each indicator was defined using an extended
Likert scale ranging from 1 to 5, where “1” represented “not important”, “2” represented
“somewhat important”, “3” presented important, “4” represented “very important”, and
“5” represented “extremely important”. This scale was intended for self-assessment of the
frequency of each behavior. Once the questionnaire had been prepared, experts with exten-
sive work experience in engineering education and psychology were invited to evaluate the
questionnaire. This step ensures the rationality and validity of the questionnaire content,
guaranteeing its quality and enhancing content validity [78].

This survey aims to compare the competency gaps between quantity surveyors and
engineering graduates, and quantity surveyors and engineering graduates were taken as
the investigation objects. The sample whose survey object is quantity surveyors is called
the sample of quantity surveyors (hereinafter referred to as quantity surveyor sample), and
the sample whose survey object is engineering graduates is called the sample of engineer-
ing graduates (hereinafter referred to as engineering graduate sample). The objective of
the quantity surveyor sample was to derive competency indicators tailored to meet the
demands of the Chinese market. To ensure a comprehensive understanding, participants
in this sample were required to have a minimum of 5 years of industry experience, cou-
pled with quantity surveyor certifications. This stringent criterion aimed to guarantee a
profound insight into the current and future development of the country and the industry,
specifically concerning the professional competencies of quantity surveyors in construction
enterprises. In contrast, the engineering graduate sample consisted of recent undergraduate
graduates within two years of completing their degree, with relatively limited social work
experience. This group aimed to analyze the current state of their professional compe-
tencies. Quantity surveyors were mainly recruited through professional networks and
social resources, often through connections with teachers and local industry associations.
Engineering graduates primarily included students who had graduated from engineering
majors at Guizhou Normal University within the past two years. The survey successfully
gathered responses from 165 cost engineers and 97 engineering graduates.

Stage 3: Gap analysis. To address the research question, the calculation of means and
standard deviations for competency dimensions was undertaken to evaluate outcomes and
draw comparisons across distinct cohorts—specifically, quantity surveyors and engineering
graduates. An independent-sample t-test was employed to assess the significance of
competency gaps by examining the mean values of these two sets of data. To authenticate
the survey, the gathered data underwent analysis for scale reliability through SPSS 22,
ensuring internal consistency.
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Figure 1. Research method.

5. Results and Discussion
5.1. Profile of Respondents

Basic information of quantity surveyor sample: 194 questionnaires were distributed,
with 179 returned and 165 deemed valid, resulting in an effective rate of 92.18%. For the
qualifications, 0.61% of survey respondents had completed an associate degree, 56.97%
have a bachelor’s degree, while 30.30% and 12.12% possess a master’s degree and doc-
toral degree, respectively. In terms of working experience, the calculation shows that
10.30% had 5-10 years of industry experience, 56.97% had 11-15 years of experience, and
32.73% had over 16 years of working experience. In the context of workplace distribution,
government sectors (including financial audit units) represent 0.61%, cost consulting en-
terprises make up 16.97%, owners contribute 7.27%, and experts, scholars, or researchers
in universities constitute 9.09%. Construction enterprises dominate with 63.64%, while
other sectors contribute 2.42%. The basic information of the engineering graduate sample:
116 questionnaires were distributed, 105 were recovered, and 97 were valid, resulting in
an effective questionnaire rate of 92.38%. In terms of education background, 100.00% of
the respondents had obtained a bachelor’s degree and 12.37% were pursuing a master’s
degree. Regarding working experience, 57.73% had less than 1 year of working experience
and 42.27% have 1-2 years of working experience. The results of the specific descriptive
analysis are presented in Table 3.

As for the quantity surveyor sample, 99.39% possess a bachelor’s degree or higher,
with 89.7% having more than ten years of working experience, and 63.64% come from con-
struction enterprises. This demographic indicates not only a wealth of working experience
but also a profound understanding of the competencies required for quantity surveyors in
construction enterprises. These respondents, being senior industry experts, boast a solid
educational background and exhibit a keen interest in industry developments and new
technologies. This is conducive to obtaining scientifically robust data to support subse-
quent research [79]. Concerning the engineering graduates, they are recent undergraduate
students with less than two years since graduation, limited social work experience, and a
lack of understanding of the competencies expected of quantity surveyors. Additionally,
they may not possess a deep understanding of the market demands in the construction
industry. Derived from the general background information, it is reasonable to assert that
the survey participants have strong academic and professional backgrounds. This enhances
the credibility of the collected data [20].
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Table 3. The results of descriptive analysis.

The Sample of Quantity Surveyors Frequency Percent

Associate degree or below 1 0.61%

Education Bachelor’s degree 94 56.97%
background Master’s degree 50 30.30%
Doctoral degree 20 12.12%

5-10 years 17 10.30%

Working experience 11-15 years 94 56.97%
16 years and above 54 32.73%

Government departments
. R . . 1 0.61%
(including fiscal review units)

Cost consulting enterprises 28 16.97%

Workplace Owners 12 7.27%

Universities 15 9.09%

Construction enterprises 105 63.64%

Others 4 2.42%
The sample of engineering graduates Frequency Percent

Workine experience less than 1 year 56 57.73%
&P 1-2 years 41 42.27%

5.2. Scale Test and Exploratory Factor Analysis
5.2.1. Scale Test

To ensure the scientific rigor and validity of the questionnaire, it is imperative to assess
the reliability and validity of the scale, supporting subsequent data analysis. Reliability
serves as an indicator to evaluate the stability of the scale, detecting the consistency of
results obtained through repeated measurements of the same phenomenon. The commonly
used Cronbach’s « coefficient is employed to estimate reliability, with the minimum reliabil-
ity standard requiring Cronbach’s « coefficient of the total scale to be greater than 0.8 and
Cronbach’s « coefficient of each subscale to be greater than 0.7 [80]. Using the statistical
software SPSS 22, Cronbach’s o coefficient for the quantity surveyor sample and engineer-
ing graduate sample was calculated as 0.937 and 0.934, respectively—both exceeding 0.8.
This indicates that Cronbach’s o coefficient of the scale meets quality requirements, and
all measured items passed the reliability test, suggesting high internal consistency reliabil-
ity [81]. Validity pertains to how well a scale can precisely gauge the attributes it intends to
evaluate—the measure to which the test outcome mirrors the content under scrutiny. The
greater the alignment between the measured outcome and the content being examined, the
greater the validity; conversely, diminished consistency indicates decreased validity [82].
Validity analysis was conducted using the Kaiser-Meyer—Olkin test and Bartlett’s test. The
KMO index for the sample of quantity surveyors and engineering graduates was calculated
as 0.898 and 0.888, respectively—both exceeding 0.8. Additionally, the p-value for the scale
test through Bartlett’s test was 0.000. The significance test suggests that the scale exhibits
good structural validity and is suitable for exploratory factor analysis [83]. Consequently,
the scale was deemed viable and capable of fulfilling the objectives of this study.

5.2.2. Exploratory Factor Analysis

Exploratory factor analysis is a statistical technique that converts numerous observed
variables into a reduced set of independent latent factors [84]. The objective is to utilize a
limited number of factors to elucidate the connections among numerous variables or factors
and investigate the fundamental structure of data by examining the inherent dependencies
among these variables. With less information loss, innumerable variables are condensed
into a few comprehensive indicators, summarizing various information within each vari-
able. The total indicators exhibit no correlation with one another, and each indicator’s
represented information remains non-overlapping. This simplifies the issue and consoli-
dates the data. Generally, it must go through several steps, such as data inspection, factor
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extraction, factor rotation, factor naming, and interpretation [85]. Specifically speaking,
the purpose of data testing is to determine whether the sample data are suitable for ex-
ploratory factor analysis, mainly by testing whether the variables are sufficiently correlated
to determine whether common factors can be extracted, and the Kaiser-Meyer—Olkin test
and Bartlett’s test were used to complete the test [86]. The KMO index of the quantity
surveyor sample obtained from the above section was 0.898, more significant than 0.8,
and the significance level of Bartlett’s test was Sig. = 0.000 < 0.001. This scale is suitable
for exploratory factor analysis [87]. And in factor extraction, the common factor whose
feature root is greater than 1 was selected [87]. When the factor was rotated, the maximum
variance method was chosen. We then ran the SPSS 22 calculation and finally obtained five
competency dimensions, with a cumulative variance contribution (total variance explained)
up to 64.922%. The results of the exploratory factor analysis are shown in Table 4.

Table 4. The results of exploratory factor analysis.

Items 1 2 3 4 5 % of
Variance
1. Team management competency 0.677 —0.023 0.292 0.186 0.209
8. Information communication and retrieval competency 0.632 0.235 0.224 0.181 —0.026
15. Expression competency 0.575 0.115 0.201 0.225 0.117
27. Organizational competency 0.767 —0.041 0.208 0.012 0.252 15.879
13. Problem analysis competency 0.677 0.347 0.131 0.156 —0.026 :
22. Problem solving competency 0.685 0.305 0.09 0.088 —0.085
3. Innovation competency 0.547 0.355 —0.005 0.294 0.126
9. Good physical fitness 0.598 0.011 0.226 0.337 0.209
20. Observe law and discipline 0.226 0.178 0.096 0.736 —0.071
7. Decisions and opinions in line with public interests —0.007 0.179 0.234 0.740 0.239
12. Good professional ethic 0.251 0.304 0.183 0.673 0.068 14.256
18. Safeguard customers’ rights 0.285 0.171 0.202 0.683 0.096
2. Integrity 0.259 0.126 0.27 0.759 0.049
14. Competency in preparing construction budgets 0.212 0.825 0.147 0.111 0.038
24. Competency in reviewing construction budgets 0.226 0.777 0.219 0.275 0.097
6. Competency in preparing tender documents —0.009 0.669 0.181 0.156 0.276 12.914
26. Competency in preparing quantity takeoffs 0.107 0.793 0.203 0.173 0.203
4. Competency in understanding engineering drawings 0.26 0.581 0.22 0.239 0.021
11. Change management competency 0.264 0.408 0.627 0.043 0.09
25. Claim processing competency 0.371 0.396 0.607 0.144 —0.05
21. Learning competency 0.183 0.231 0.656 0.253 0.189 12.845
16. Cost management competency 0.257 0.221 0.763 0.222 0.137 ’
23. Schedule management competency 0.095 0.179 0.755 0.31 0.276
5. On-site response competency 0.345 0.048 0.607 0.279 0.12
17. Competency in preparing completion settlements 0.049 0.06 0.065 0.069 0.752
10. Competency in reviewing project settlements 0.156 0.143 0.155 0.026 0.808 9.028
19. Competency in project auditing 0.162 0.23 0.214 0.139 0.816

As can be seen from Table 4, the load coefficient of each measurement item of the
quantity surveyor sample is more significant than 0.5, and there is no phenomenon where
one item forms a common factor by itself or spans multiple common factors, indicating that
the scale has good convergence validity, differential validity, and structural validity [88]. In
addition, five common factors were extracted from the scale, and their cumulative variance
contribution rate reached 64.922% (the general requirement is greater than 60%), indicating
that most of the information on the scale can be well-explained by these five common
factors [89]. Next, each factor will be named according to the content of the measurement
items in each common factor, and its rationality will be explained [90].

According to the results of exploratory factor analysis, eight items of team man-
agement competency, information communication and retrieval competency, expression
competency, organizational competency, problem analysis competency, problem solving
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competency, innovation competency, and good physical fitness are classified into common
factor 1. This factor reflects the comprehensive quality requirements for quantity surveyors
in current construction enterprises. As such, engineering graduates are encouraged to
develop these eight competencies in the workplace, collectively termed sustainable compe-
tency. The evolving landscape of the industry and the demands of practical work impose
heightened requirements on the comprehensive quality of quantity surveyors. They are
now expected to engage in project management, conduct timely analysis of engineering
problems on construction sites, devise innovative solutions based on local conditions, uti-
lize economically and technically feasible means to address existing engineering issues, and
proactively prevent the emergence of hidden dangers [91]. The scale of modern engineering
continues to expand, which further requires quantity surveyors to play a team role, with
good expression competency and organizational competency to carry out effective team
management, but they also need to be able to obtain necessary information for effective
and timely communication, reduce contradictions and repetitive work [92], and adopt tools
such as BIM to receive and share engineering information to develop information synergy
and management synergy to effectively carry out team cooperation and solve complex
engineering problems with collective wisdom [93]. The sharp increase in requirements
leads to the work intensity of quantity surveyors continuing to increase. Good physical
fitness is the premise of ensuring the above work, but the overall physical fitness of college
students is a cause for concern, and it is necessary to strengthen exercise to meet the needs
of future work.

These five items, including competencies in preparing construction budgets, review-
ing construction budgets, preparing tender documents, preparing quantity takeoffs, and
understanding engineering drawings for engineering projects, are classified into common
factor 2, which reflects the work requirements of quantity surveyors to prepare budget
documents, named budget competency. Based on the relevant literature, the most essential
competency or job responsibility of quantity surveyors is to calculate the quantity of works
and prepare the bill of quantities and project pricing, which requires quantity surveyors
to be proficient in the content of drawings, have a solid competency to read drawings,
and accurately calculate the quantity of the proposed project in accordance with legal
calculation rules, then according to the quota regulation, fee collection standard, and tax
composition to perform cost valuation [94]. In construction enterprises, the vital work
results of quantity surveyors are reflected in the construction drawing budget and bidding
documents of construction projects. At the same time, the competency in preparing con-
struction budgets for construction projects also enables the quantity surveyors to have the
competency to review the construction drawing budget, to review the problems existing
in the construction drawing budget, and to put forward optimization suggestions and im-
provement measures. In addition, budget competency also encourages quantity surveyors
to keep up with the development of the times, actively use advanced digital technology,
and constantly improve work efficiency and the accuracy of work results [95].

The change management competency in the process of construction, cost management
competency and schedule management competency of construction, on-site response com-
petency, learning competency, and claim processing competency are classified into common
factor 3, which reflects the quantity surveyors on the construction site and is named site
management competency. In a project, one of the essential tasks of quantity surveyors is
to carry out effective project cost management on the construction site, including project
cost management, schedule management, contract management, etc. And the specific
responsibilities include preparing the project fund use plan; reviewing the project volume;
auditing the project progress payment and material purchase payment [96]; analyzing the
deviation between the actual amount of funds used, the amount of projects, and the amount
of planned funds and projects; submitting claims for engineering changes in time; putting
forward opinions on controversial measurement and pricing issues; and evaluating the
impact of engineering changes on engineering projects to realize the dynamic management
of engineering costs [96]. In addition, the development of the construction industry and the
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diversification of customer demands require quantity surveyors to enhance their adaptive
capacity, pay attention to the improvement of engineering practice competency, be good at
constantly learning and innovating the ways and methods of engineering cost management
on the construction site, and sum up and accumulate rich experience in engineering projects
so as to improve the adaptive capacity to deal with engineering problems on site.

Observing law and discipline, decisions and opinions in the line with public interests,
good professional ethics, safeguard customers’ rights, and integrity are classified into
common factor 4, which reflects the professional spirit and ethical attitude of quantity
surveyors and is named engineering ethics. Modern engineering is related to the national
economy, people’s livelihood, and the quality of regional development. Laws, regulations,
and industry norms are the basic standards to ensure the quality of the project, requiring
quantity surveyors to strictly follow the relevant provisions, adhere to integrity and self-
discipline, be responsible for the work report provided by themselves, avoid cheating,
remain ideological and not influenced by others [97], adhere to seeking truth from facts,
respect objective facts, always ensure the accuracy of project cost information, pay attention
to maintaining their reputation, safeguard public interests, fulfill social responsibilities,
rationally select green materials and relevant methods to reduce the harm to nature and the
public, carry forward excellent professional ethics, uphold the spirit of artisans, have noble
professional ethics and a rigorous work attitude, constantly improve the level of service to
add value to the project, and maintain the core interests of customers [98].

The competencies in preparing completion settlements, reviewing project settlements,
and project auditing are classified into common factor 5, which reflects the work content
and requirements of the quantity surveyors after the completion of the project, named
settlement competency. Due to the long construction phase, ngineering changes, material
price changes, weather factors, human factors and force majeure will cause inconsistency
between the project cost and the contract price, which requires the quantity surveyors to
carry out an audit before the project settlement report [99]. And these works need quantity
surveyors based on construction contracts and relevant national laws and regulations,
budget quotas, and fee collection standards to review and account the transactions of
owners and construction enterprises during the construction process, then determine the
completion cost that conforms to the actual construction of the project, which includes a
quantity audit, quota sub-item application audit, etc., as well as checking the approval
documents and contract terms, implementing the project design change visa and the hidden
acceptance record, verifying the unit price and the project quantity and other work, and
reviewing the timeliness of various visas. In addition, it is also necessary to put forward
opinions on the settlement of economic disputes and legal disputes between owners and
construction enterprises during the project settlement to effectively avoid the waste of
funds and realize the effective control of the project cost [94].

Based on the above analysis, the five common factors obtained by exploratory factor
analysis can be regarded as the five dimensions of quantity surveyors’ competencies in
construction enterprises. The dimensions of competency were: (a) sustainable competency
(eight items), (b) budget competency (five items), (c) site management competency (six
items), (d) engineering ethics (five items), (e) settlement competency (three items). Each
dimension of competency is composed of several clustered elements required for a com-
petent quantity surveyor in Chinese construction enterprises. The division of the above
dimensions is convenient to carry out the analysis of competency gaps between engineering
graduates and quantity surveyors of construction enterprises.

5.3. Main Gaps

To address the research question (What are the main gaps between engineering gradu-
ates and quantity surveyors of construction enterprises in terms of the personal competen-
cies needed to cope with changing and increasing client needs?), the competency dimension
and index gaps comparing engineering graduates and quantity surveyors of construction
enterprises were determined. Firstly, the mean value and standard deviation of each item
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in the quantity surveyor sample and engineering graduate sample were analyzed. Then
the difference between the competency dimension and the mean value of each item was
compared, and the significance level of the difference of each dimension and item was
verified by t-test. The main results appear in Table 5 and Figure 2.

Table 5. The personal competency dimension means for quantity surveyors and engineering.

Competency Quantity Surveyors (n =165) Engineering Graduates (n = 97) Mean Mean Difference t-Test for Equality
Dimension Mean Std. Dev. Mean Std. Dev. Difference Percentage of Means
Overall Mean 4.361 0.419 4113 0.512 0.248 6.03% 0.000 ***
Sustainable 4.397 0.457 4135 0.666 0.262 6.33% 0.000 *+*
competency
Budget 4452 0533 4153 0.627 0.299 7.20% 0.000 ***
competency
Site management 4375 0.584 4.101 0.560 0.273 6.67% 0.000 ***
competency
Engineering 4457 0.526 4.320 0.636 0.137 3.17% 0.074
ethics
Settlement 3.921 0.654 3.663 0.676 0.258 7.04% 0.003 **
competency
Note: ** p < 0.01, *** p < 0.001.
Sustainable competency
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_‘.135 -‘.500 1.39-
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3.663 1.500 4153
1.000
4.375
4320
4.101

Engineering ethics

445 Site management competency

The mean of quantity surveyors The mean of engineering graduates

Figure 2. Comparison of competency dimensions between quantity surveyors and engineering
graduates.

The population mean and standard deviation of the quantity surveyor sample were
4.361 and 0.419, respectively, and those of the engineering graduate sample were 4.113 and
0.512, respectively. The total score of the former sample was higher than that of the latter
sample, with a difference of 0.248 (6.03%), and the results of the t-test showed a significant
difference between the two samples (p < 0.001). Moreover, the scores of the dimensions
of the quantity surveyor sample were 4.397, 4.452, 4.375, 4.457, and 3.921, and the scores
of the dimensions of the engineering graduate sample were 4.135, 4.153, 4.101, 4.320, and
3.663, respectively. The mean scores of all competency dimensions are higher for quantity
surveyors than for engineering graduates. Of the five dimensions of competency, four
dimensions are found to differ significantly between quantity surveyors and engineering
graduates. These four dimensions of competency are, in descending order: sustainable
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competency (6.33% difference), budget competency (7.20% difference), site management
competency (6.67% difference), and settlement competency (7.04% difference). On the other
hand, one dimension of competency, namely, engineering ethics (3.17% difference), does
not show a significant difference. Particularly interesting is the highest gap, found for the
dimension of budget competency, which underscores the difficulties encountered when
working on projects in the present context and emphasizes the importance of addressing the
development of this competency in engineering profiles from an early stage. The findings
align with the perspective of certain researchers, who attribute enhanced professional com-
petency development to practical, intricate, and contextualized experiences [75]. Further
research is advised to tackle this matter more effectively.

Several shared characteristics in the outcomes can be noted for quantity surveyors
and engineering graduates. In both samples, the highest mean scores are for engineering
ethics, with 4.457 and 4.320, respectively, followed by budget competency, with 4.452 and
4.153, respectively. Additionally, the lowest scores are for site management competency and
settlement competency, with 4.375 and 4.101, respectively, and 3.921 and 3.663, respectively.
From these results, it can be derived that both quantity surveyors and engineering gradu-
ates demonstrate a strong sense of responsibility and adherence to laws and disciplines.
However, both groups tend to allocate less emphasis to site management competency and
settlement competency (in particular, the score of settlement competency in the quantity
surveyor sample is significantly lower than the score of the other four dimensions), believ-
ing that quantity surveyors do not need to participate in project management and that the
completion settlement of construction projects is only the general finishing work, instead
of recognizing the role of these activities in adding value to the project [100].

Based on these findings, we propose enhancing activities during professional edu-
cation or cost management courses for engineers with lower results to strengthen these
competencies (site management competency as well as settlement competency) or those
with more considerable differences (budget competency) to better prepare engineers or
engineering graduates for the challenges they are likely to encounter in their professional
careers. It was already highlighted by other authors that customers require quantity sur-
veyors to extend their business scope to project management and to participate in project
management to carry out effective cost management and schedule management to facilitate
adding value to engineering projects [101]. A construction enterprise also needs to reduce
the total cost of the project further, requiring quantity surveyors to flexibly change the
management strategy according to the actual situation of the site, not only to ensure that
the project cost does not overspend, but to achieve savings as far as possible and create
better economic benefits. Furthermore, the claim is one of the main profits of construction
projects; thus, knowing how to adhere to principles in the construction industry with
human relations and objectively deal with reasonable claims for engineering changes are
the necessary abilities that quantity surveyors should have. Actually, there are also some
problems in the project management of construction sites in China. For example, document
management is out of sync with the construction schedule, which results in part of the
data being missed, the existing data documents not being saved or kept in the wrong way,
relevant documents being out of date so that the claim is late or the claim fails, less attention
being paid to the completion of the project settlement, and the settlement being ignored
when analyzing the causes and treatment measures that caused big difference between the
settlement price and the contract price and lower project profit [102]. Nevertheless, these
situations or problems are an opportunity for universities and engineering students to
carry out targeted training, which will help them seize the opportunity, enhance personal
abilities, and expand employment opportunities [75].

By concentrating on the gaps of competency indicators belonging to each dimension, it
is possible to identify behaviors that show notable differences between quantity surveyors
and engineering graduates. Of the 27 items, 23 are higher in quantity surveyors than
in engineering graduates (Figure 3). Table 6 summarizes the significant findings for the
competency criteria gaps. The results show high positive differences between quantity



Sustainability 2024, 16, 2984

20 of 30

5.000

4.800

4.600

4.400

4.200

4.000

3.800

3.600

3.400

Audpdumod ypaueueur weay - |

Aduzjadwod gL pue

uopyes

Auagpdwod uorssaadx sy

Aouajedwmoed puoneziueSiQ LT

Aduapduos sisAjeue wWayqoIg ey

Auajaduwod Supajos-wqor g e

surveyors and engineering graduates related to good professional ethics (item 12) at
15.74% and innovation competency (item 3) at 15.19%. This is followed by remarkable
differences in competency indicators for safeguard customers’ rights (item 18) at 13.83%,
claim processing competency (item 25) at 13.45%, and change management competency
(item 11) at 11.03%. High differences are also detected for behaviors related to competency
in reviewing construction budgets (item 24, 9.14%), cost management competency (item 16,
8.74%), competency in preparing completion settlements (item 17, 8.11%), competency in
preparing tender documents (item 6, 7.99%), competency in preparing quantity takeoffs
(item 26, 7.65%), and competency in project auditing (item 19, 7.04%).
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Figure 3. Comparison of competency indicators for quantity surveyors and engineering graduates.

On the other hand, negative differences (but not significant) are perceived only regard-
ing four competency indicators: integrity (item 2) at —3.32%, decisions and opinions in line
with public interests (item 7) at —3.99%, observe law and discipline (item 20) at —3.11%,
and learning competency (item 21) at —2.87%. While these adverse differences were not
statistically significant, they could be attributed to the heightened stress and workload
experienced by quantity surveyors. Additionally, the significance placed by engineering
graduates on their development and future might differ, especially considering they are in
the early stages of their professional careers. Engineering graduates, who have not been
affected by the working environment and job positions, can complete engineering tasks in
strict accordance with laws, regulations, and industry norms and make objective decisions
based on project success goals. In addition, heavy work leaves quantity surveyors with less
time and energy to learn and update their knowledge, which may lead to a reduction in
learning ability and integrity level.

The results show the general gaps, indicating lower performance among engineering
graduates in addressing team or engineering problem resolutions. This can be attributed to
their inclination towards individualism, stemming from their limited experience in team
collaboration and the traditional emphasis of engineering degrees, which often overlooks
the development of social awareness and team skills. To instill these competencies in
engineering schools, there is a need to modify the teaching approach [75]. The demand for
new teaching methodologies has transformed traditional lectures at universities into active
learning approaches, with the goal of boosting motivation to enhance students’ success in
their professional careers.
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Table 6. Competency indicators: the gaps between quantity surveyors and engineering graduates.

Quantity Surveyors  Engineering Graduates

Mean t-Test for

_ _ - M . ;
Indicator C])()gl};‘::il;;y (n = 165) (n=97) Di ff:rf;ce Difference Equality of
Mean Std. Dev. Mean Std. Dev. Percentage Means
Highest differences
12. Good professional ethics Enge’gﬁi;mg 4582 0.625 3.959 0.957 0.623 15.74% 0.000 ***
3. Innovation competency  ustainable 450 0.594 3.825 0.829 0.581 15.19% 0.000 ***
competency
18. Safeguard customers”  Engineering 4 45 0.628 3.897 0.973 0.539 13.83% 0.000 ***
rights ethics
25. Claim processin; Site
: p & management  4.479 0.721 3.948 0.928 0531 13.45% 0.000 ***
competency
competency
11. Change management Site
’ management  4.418 0.690 3.979 0.935 0.439 11.03% 0.000 ***
competency
competency
24. Competency in reviewing  Budget 4.467 0.630 4.093 0.958 0.374 9.14% 0.001 **
construction budgets competency ’ ’ ’ ’ ’ ’ ’
16. Cost management Site
’ management 4.394 0.696 4.041 0.815 0.353 8.74% 0.000 ***
competency
competency
17. Competency in preparing  Settlement 5 5,5 0.767 3.649 0.722 0.296 8.11% 0.002 **
completion settlements competency ’ ’ ’ ' ’ ' ’
6. Competency in preparing  Budget 54 75 3.928 0904 0314 7.99% 0.004 **
tender documents competency ’ ’ ’ ’ ’ ’ ’
26. Competency in preparing  Budget 4 65 4144 0777 0317 7.65% 0.001 **
quantity takeoffs competency ) ’ ) ' ’ ‘ ’
19. Competency in project Settlement 3.939 0.786 3.68 0.942 0.259 7 04% 0,024 *
auditing competency ’ ’ ’ ’ ’ ’ ’
Lowest differences
20. Observe law and Engineering 4 55 0.639 4691 0.566 ~0.146 ~3.11% 0.057
discipline ethics
7. Decisions and opinions in Engineering o
line with public interests wthics 4.206 0.703 4.381 0.783 —0.175 —3.99% 0.063
2. Integrity Eng;tr}‘fiimg 4515 0.677 4.670 0.657 —0.155 —-3.32% 0.072
Site
21. Learning competency management  4.436 0.735 4.567 0.628 —0.131 —2.87% 0.144
competency

Note: * p < 0.05, ** p < 0.01, *** p < 0.001.

This statement emphasizes the existence of a certain degree of competency gaps
between technical specialists and technical managers in the construction industry (quantity
surveyors with project management competency can be regarded as technical managers,
and engineering graduates as technical experts) [75]. It enhances understanding of the
disparities between the two roles. Previous authors have identified challenges encountered
by engineers transitioning to roles like business managers or project managers, aligning
with the outcomes of this research. These challenges include enhancing management skills
and team motivation [103]. Nonetheless, the research findings underscore the magnitude
of gaps in budget competency and site management competency, indicating a significant
need for the enhancement of engineering curricula. Hence, if engineering graduates want
to have a better development, they have to face up to these gaps, take the initiative to
participate in social practice, and gain project management competency so that they can
better adapt to future career needs and further expand the future development space and
promotion channels [104].
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5.4. Educational Implications

On the whole, the main reason for the gaps between the competencies of engineering
graduates and quantity surveyors is that the course teaching content is out of line with
social standards, the students lack social practice training, and the engineering talents
cultivated do not meet the social needs. Therefore, how to carry out real social practice
training in school and develop students’ active learning habits are the problems that need
to be emphasized at present.

Therefore, engineering education curricula should focus on developing students’
particular social skills, such as budget competency, site management competency, and
settlement competency. From the results of the above data analysis, the competency gaps
between engineering graduates and quantity surveyors are mainly manifested as poor
practical competency and low accuracy of work results, which is because the universities
did not introduce social standards in teaching and the students” work results have not
been evaluated by the society or a third party. Considering the realities of school teaching,
construction costs can adopt a discipline competition format to enhance the effectiveness
and perfect the practical teaching system. By participating in various discipline competi-
tions, students are exposed to the construction industry and the social market, engaging in
simulated training and specialized exercises to complete the competition tasks [105]. Align-
ing with social needs, enterprise requirements, and professional positioning, the program
benchmarks against certifications such as cost engineer, constructor, and the national BIM
skill level examination, systematically enhancing students’ professional capabilities. To
objectively assess students’ performance, a third-party platform or enterprise assessment
platform could be utilized, with industry professionals contributing to the graduation
assessment. This ensures that students” achievements meet societal standards and helps
identify existing issues. Establishing a specialized management organization for discipline
competitions, with designated individuals overseeing coordination and arrangement, shifts
from decentralized to centralized management. This approach deepens connections with
enterprises, associations, and industry regulatory authorities. Additionally, implementing
rules and regulations facilitates the normalization of market demand and industry develop-
ment research, allowing for the timely update of necessary professional knowledge content,
adjustments to competition catalogs, and alignment with market dynamics to broaden the
development prospects of engineering majors.

Further research is needed to explore new methods of project management. It has been
emphasized that actual project development is an incentive for competency development,
particularly providing opportunities for engineering students to enhance practical compe-
tency. In addition, this can be achieved either by applying active learning methodologies
in real construction projects or better integrating the deployment of social skills during
their engineering studies. The specific practices are as follows. To begin with, colleges
and universities should actively facilitate school-enterprise cooperation with enterprises
to center to improve students’ professional competency. By setting up school-enterprise
cooperations with business department on campus, companies can delegate part of their
business to the campus business department [106]. Furthermore, it will not be wrong to rec-
ommend excellent students to enterprises for internships to improve the professional and
comprehensive competency of engineering graduates and test the practical competency of
professional students with social competition mechanisms and actual engineering projects,
respectively. In addition, we need to deepen the understanding of business operations,
team building, human resource management, market analysis, and other management
knowledge by exposing students to enterprise environments. Moreover, we must encour-
age students to participate in innovation and entrepreneurship competitions actively to
design innovative solutions or entrepreneurial plans, focusing on industry problems and
professional items and carrying out project practice in a problem-oriented way. To solve
the problem found in the above process, students can have an internship or conduct social
entrepreneurship or joint research and development of universities and enterprises to
analyze and extend the scope and direction of professional problems with real working
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scenarios, further improving the project plan and effectively promoting in-depth problem
settlement and the results transformation for creating economic and social value. Lastly,
engineering students can also start their businesses and cooperate with enterprise [107],
such as independent entrepreneurial activities, which are based on on-going innovation
and entrepreneurship practices. They can also identify project programs at the university,
to foster and transform professional competency of project financing, business negotiation,
and others. These actions gradually narrow the gaps between engineering graduates and
quantity surveyors through university—enterprise cooperation and integration between
industry and education to cultivate their practical operation competency and encourage
students to form a good habit of active learning from project benefits.

Thirdly, from the data analyzed above, there is a worrying problem reflected in the
fact that the scores of engineering graduates in the aspects of law-abiding and professional
ethics are higher than those of quantity surveyors, which indicates that the legal awareness
and moral level of engineering graduates decline after entering social work. Therefore, on
the one hand, universities need to strengthen ideological and political education, exploring
ways to make students’ faith firm and keep their original intention. At the same time,
they should encourage thematic education in schools on engineering problems and the
adverse effects of individual misconduct on society and the environment. On the other
hand, carrying out engineering ethics education cannot be ignored, including objective,
fair, proactive, and responsible personnel training objectives, to cultivate students to form
a conscious awareness and the active ability to handle engineering activities from a correct
engineering ethics perspective and criteria, so that they can firmly establish a sense of the
overall situation and maintain the interests of the country and the public with a strong
sense of social responsibility and mission [108].

In general, engineering majors should take discipline competition and innovation and
entrepreneurship competition as the starting point, guided by social needs, actively improv-
ing the professional curriculum system and teaching content, and driving the sustainable
development of the discipline. While well-behaved in discipline competitions, universities
try to achieve a virtuous cycle of sustainable development of engineering majors by apply-
ing innovation and entrepreneurship competitions to cultivate the commercial thinking
and ability of teachers and students, introducing market-oriented operation mechanisms
and keeping organizational vitality according to market rules. In this circuit, the renewal
of social demands promotes the continuous improvement and optimization of the course
system and teaching content of engineering majors to ensure the constant training of engi-
neering graduates who meet the needs of society. Moreover, the challenge is to identify
suitable methods and settings for this transformation and to locate capable educators and
mentors ready to embrace this shift. There is a need for innovative approaches to train
engineers for upcoming professional demands [106,107].

The match and fit between college talent training and market demand have become an
important index to test whether college education realizes its main functions. For example,
the Technical and Further Education Mode represented by Australia is industry-oriented
and competency-based, and the main training goal is that students can have the ability and
quality to obtain a job upon graduation [109]. Talent training in colleges and universities
should be more in line with the needs of the labor market, which should strengthen the
connection between higher education and the labor market to improve employability, espe-
cially practical ability and application analysis ability, as the important breakthrough point
to improve the quality of talent training in higher education [110]. Based on this concept,
the environmental design major of a university in China has improved its talent training
program based on market demand. It set up relevant professional courses according to the
actual needs of the market and enterprises and implemented an order-based talent training
model for students” employment through school-enterprise cooperation, which effectively
improved students’ ability to use professional knowledge and vocational skills and en-
hanced their employment competitiveness, as well as reducing the transition period for
students to enter the workforce while increasing the initial salary level of graduates [111].
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6. Conclusions and Limitation

Quantity surveyors play an important role in the digital transformation process of the
construction industry. It requires universities to cultivate a large number of engineering
graduates in line with the needs of the social market to increase the number of quantity
surveyors to promote the transformation. Through a detailed literature review, this paper
sorts out the competency framework and indicators of quantity surveyors. Then, based on
the background of China’s construction industry and the results of expert interviews, the
competency framework and indicators of quantity surveyors in construction enterprises
are determined and a questionnaire survey is conducted among quantity surveyors and
engineering graduates. Exploratory factor analysis of the quantity surveyor sample is
carried out to determine the five core competency dimensions of quantity surveyors in
construction enterprises, namely, sustainable competency, budget competency, site man-
agement competency, engineering ethics, and settlement competency. The comparison
of the samples of quantity surveyors and engineering graduates shows significant differ-
ences in the overall ability between quantity surveyors and engineering graduates. Of the
five dimensions, sustainable competency (0.000 ***), budget competency (0.000 ***), site
management competency (0.000 ***), and settlement competency (0.003 **) have significant
differences, while there is no significant difference in the dimension of engineering ethics
(0.074). The most significant difference is budget competency (7.20% difference), and the
differences in the other four dimensions are sustainable competency (6.33% difference),
site management competency (6.67% difference), engineering ethics (3.17% difference),
and settlement competency (7.04% difference). The scores of quantity surveyors in the
five dimensions are higher than those of engineering graduates, indicating that quantity
surveyors generally believe that their skills surpass those of engineering graduates in every
scenario, which is understandable given their extensive experience. Among the 27 items,
integrity (item 2), decisions and opinions in line with public interests (item 7), observing law
and discipline (item 20), and learning competency (item 21) are not significant, distributed
in the dimension of engineering ethics (three items) and site management competency
(one item).

Secondly, some other problems are also found through data analysis. For quantity
surveyors, the importance of settlement competency is significantly lower than that of other
dimensions, reflecting that quantity surveyors in Chinese construction enterprises do not
pay enough attention to the completion settlement of construction projects. For engineering
graduates, their awareness of law compliance and professional ethics is higher than that of
quantity surveyors, indicating that these qualities or competencies of quantity surveyors
will decline after entering the workplace, which is worrisome. Consequently;, it is strongly
advised to promote lifelong learning competency and other personal competencies from
the early phases of quantity surveyors’ careers, ensuring a balanced blend of training for
both technical and interpersonal competencies. For the current situation of insufficient
settlement competency of quantity surveyors, it is necessary to design feasible training
courses or plans on campus to seize the market opportunities and actively explore the
education and teaching modes that can guarantee students that firmly believe in ideals and
beliefs, abide by the code of engineering ethics, and shoulder social responsibilities bravely.
Transformational programs can be an adequate means of strengthening these competencies
and help to prepare better professionals needed in this new era.

Therefore, this study enhances comprehension regarding the cultivation and assess-
ment of students’ proficiency within engineering settings by scrutinizing the existing
disparities between students and professionals in the cost management domain. In the
final analysis, the competency gaps between engineering graduates and quantity surveyors
are mainly manifested in weak social practice competency. Hence, colleges and universities
should actively introduce market-oriented operation mechanisms, and, through university—
industry collaboration and specialty-innovation integration, continuously improve and
optimize the practical teaching system and content and establish a dynamic adjustment
mechanism of personnel training in engineering oriented to social demands, taking prac-
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tical engineering projects as the carrier and active learning as the means to continuously
improve the social practice competency of engineering students for achieving sustainable
and circular development in keeping pace with the times. There is no doubt that eluci-
dating the most sought-after competencies aids in prioritizing the necessary resources for
enhancement and narrowing the competency gaps.

Certain limitations of this study pertain to the characteristics of the samples, as all par-
ticipating students were from the same university and all investigated quantity surveyors
were from the same country, China. Additionally, during the questionnaire completion,
surveyed quantity surveyors and engineering graduates may introduce a degree of subjec-
tivity into their competency assessments. Particularly with students, there is a likelihood
that they might perceive their competencies more positively, given that they have not had
the chance to work as quantity surveyors in a company. Lastly, due to constraints in time
and energy, the number of questionnaires did not extend further.
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