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Introduction
Against the backdrop of high-quality development in 

China’s construction industry, digital transformation has be-
come an inevitable path to promoting the sustainable devel-
opment of the built environment, which is a core research 
theme covered by this journal. In November 2024, the Min-
istry of Housing and Urban-Rural Development of China is-
sued the Standard for Bills of Quantities and Valuation for 
Construction Works (GB/T 50500-2024), which was for-
mally implemented in September 2025 (Ministry of Housing 

and Urban-Rural Development & State Administration for 
Market Regulation, 2024). The new standard effectively 
phases out the traditional fixed quota pricing mechanism. In 
the compilation of maximum tender prices, the valuation 
quota is replaced by engineering price information and self-
accumulated cost data, forcing enterprises to rely on their 
own historical cost databases and market inquiry capabili-
ties for independent bidding (Zhao & Zhang, 2025). This in-
stitutional reform puts forward rigid requirements for the 
digital application capability of cost consulting enterprises, 
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Figure 1 | Theoretical research model of this study
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H7. Perceived usefulness mediates the relationship be-
tween technological relative advantage and digital 
technology adoption intention.

From an institutional theory perspective, the GB/T 
50500-2024 valuation standard operates as an external pol-
icy antecedent that shapes the industry-wide context for 
digital technology adoption. Institutional pressure stem-
ming from regulatory requirements and compliance obliga-
tions can influence adoption intention in two ways: it may 
directly motivate adoption to meet regulatory mandates, 
and it may also indirectly shape practitioners’ perceptions of 
how useful and usable digital tools are for day-to-day work. 
This study focuses specifically on the internal cognitive 
transmission path from technological characteristics to 
adoption intention, while treating the broader policy context 
as a shared boundary condition across all respondents. Fu-
ture research can explicitly incorporate policy pressure as a 
moderating or control variable to examine its conditional ef-
fects on technology acceptance.

The seven hypotheses raised above are systematically 
summarized in Table 1, and the integrated theoretical re-
search model derived from these logical paths is illustrated 
in Figure 1.

Methodology
Variable measurement

All latent variables are measured with a 5-point Likert 
scale (1 = Strongly Disagree, 5 = Strongly Agree). All mea-
surement items are adapted from internationally recognized 
mature scales and revised to fit the policy context of GB/T 
50500-2024 cost consulting.

Operational definition of digital technology
In this study, “digital technology” is operationalized as 

the set of software systems, technical tools and algorithm 
applications that support core cost consulting workflows—
including bill compilation, quantity calculation, independent 
market pricing, and whole-process cost control. The four 
typical examples explicitly presented to respondents were:

1. Building Information Modelling (BIM) for automatic 
quantity takeoff;

2. Big data and cost index tools for market pricing;

3. Intelligent pricing algorithms for list item matching;

4. Digital collaboration platforms for multi-party settle-
ment.

Respondents evaluated their general perceptions and 
adoption intentions regarding this broad category of digital 
technologies in the context of the new valuation standard, 
instead of assessing a single specific product.Table 2 sum-
marizes the final measurement items, standardized factor 
loadings from CFA, and corresponding literature sources for 
each construct.

Pre-survey and scale revision
A small-sample pre-survey was conducted before formal 

data collection to optimize item wording, refine the factor 
structure, and improve measurement reliability. The initial 
item pool contained 20 items adapted from established in-
ternational scales, all contextualized for the GB/T 50500-
2024 cost consulting setting. A total of 70 online question-
naires were distributed, and 50 valid responses were recov-
ered for analysis.

The initial scale returned an overall Cronbach’s α of 
0.907, indicating acceptable overall internal consistency. 
However, item-level diagnostics identified two issues requir-
ing revision. First, three items had corrected item-total cor-
relation (CITC) values below the 0.300 threshold, indicating 
weak discrimination. Second, the perceived usefulness di-
mension showed insufficient reliability (α = 0.680) and con-
vergent validity (AVE = 0.253), with redundant item word-
ing that blurred the core construct.

Two targeted revisions were carried out to address these 
issues:

1. Item refinement and removal: The three low-CITC 
items were reworded for clarity; within the perceived 
usefulness dimension, three redundant and cross-
loading items were removed, retaining the four items 
that best captured the core meaning of the construct.

2. Expert content validation: Three senior cost consulting 
practitioners with more than 10 years of industry experi-
ence reviewed all remaining items to refine wording and 
ensure alignment with real-world workflows under the 
new national valuation standard.

After revision, the final formal questionnaire contains 5 
latent variables measured by 17 valid items. The perceived 
usefulness dimension improved from α = 0.680 to α = 0.908, 
and AVE increased from 0.253 to 0.784, confirming the effec-
tiveness of the revision. Final item wording and standard-
ized factor loadings from the confirmatory factor analysis 
are reported in Table 2.

Formal survey and sample demographics
The formal questionnaire survey was conducted across 

four major economic regions of China (Eastern, Central, 
Western and Northeast China) from February to April 2026, 
combining online questionnaire distribution and offline pa-
per questionnaires distributed through cooperative cost 
consulting institutions. The term “nationwide” refers to 
multi-regional geographic coverage rather than a geographi-
cally balanced sampling frame. A total of 761 questionnaires 
were issued, and 687 responses were retrieved.

Three explicit exclusion criteria were applied to identify 
invalid responses:

1. Completion time less than 180 seconds, indicating insuf-
ficient response engagement;
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2. Stereotyped response patterns (e.g., consecutive identi-
cal ratings or regular zigzag answer patterns);

3. Failed the screening question (respondents had no prac-
tical project experience related to GB/T 50500-2024).

After eliminating 87 invalid responses, 600 valid ques-
tionnaires were retained, corresponding to an effective re-
covery rate of 78.8%. Table 3 presents the full demographic 
characteristics of valid respondents, including regional dis-
tribution.

The sample distribution aligns with the industrial reality 
that micro and small cost consulting enterprises dominate 
the Chinese market. Most respondents hold core compila-
tion and audit positions with 3–10 years of industry experi-
ence, which guarantees the representativeness of survey 
data for subsequent empirical analysis,and provides credi-
ble evidence for research on sustainable built environment 
digitalization.

Reliability and validity test
Cronbach’s α coefficient and composite reliability (CR) 

are adopted to test internal consistency reliability. Confirma-
tory factor analysis (CFA) is applied to examine convergent 

validity and discriminant validity. Table 4 summarizes all 
reliability and validity indicators.

All reliability and convergent validity indicators fully 
meet international empirical research standards. Discrimi-
nant validity is empirically supported: the square root of 
each construct’s AVE (presented on the diagonal in bold in 
Table 5) is greater than all bivariate correlation coefficients 
between that construct and every other latent variable.

Harman’s single-factor test is utilized to assess common 
method bias. The first unrotated common factor explains 
20.173% of total variance, which is well below the 40% em-
pirical threshold. This result does not indicate a dominant 
single-factor issue within the survey dataset.

All latent variables show moderate-to-high average 
scores between 3.497 and 3.734. Perceived usefulness holds 
the strongest positive correlation with digital adoption in-
tention (r=0.576). Technological relative advantage is signif-
icantly positively correlated with perceived usefulness 
(r=0.234), and technological compatibility strongly corre-
lates with perceived ease of use (r=0.317), providing prelim-
inary statistical support for the proposed research hypothe-
ses.

Latent Variable Item Code Item Wording Standardized 
Factor Loading

Literature Source

Technological 
Relative Advantage

TRA1 Digital technology improves the efficiency of quantity calculation 
under the new valuation standard

0.863 Alathamneh et al., 2024; 
Li, 2024

TRA2 Digital technology produces more accurate calculation results than 
traditional manual methods

0.879 Alathamneh et al., 2024; 
Li, 2024

TRA3 Digital technology supports independent market pricing with 
integrated price data

0.87 Alathamneh et al., 2024; 
Li, 2024

TRA4 Digital technology enables real-time whole-process cost control 0.866 Alathamneh et al., 2024; 
Li, 2024

Technological 
Compatibility

TCO1 Digital tools can seamlessly connect with existing pricing software 0.84 Tornatzky & Fleischer, 
1990; Qiao, 2024

TCO2 Digital technology can be gradually integrated into existing workflows 0.855 Tornatzky & Fleischer, 
1990; Qiao, 2024

TCO3 Digital technology matches the existing skill level of practitioners 0.852 Tornatzky & Fleischer, 
1990; Qiao, 2024

Perceived 
Usefulness

PU1 Using digital technology helps me meet market pricing requirements 
of the new standard

0.865 Davis, 1985; Guo et al., 
2025

PU2 Digital technology reduces work errors and improves output quality 0.88 Davis, 1985; Guo et al., 
2025

PU3 Mastering digital technology enhances my career competitiveness 0.9 Davis, 1985; Guo et al., 
2025

PU4 Digital technology effectively solves core pain points of process 
settlement

0.878 Davis, 1985; Guo et al., 
2025

Perceived Ease of 
Use

PEOU1 Digital technology has a user-friendly interface and is easy to learn 0.866 Davis, 1985; Qiao, 2024
PEOU2 Digital tools have simple and straightforward operational workflows 0.892 Davis, 1985; Qiao, 2024
PEOU3 Technical support is readily available when problems arise 0.876 Davis, 1985; Qiao, 2024

Digital Technology 
Adoption Intention

AI1 I prefer to use digital technology for work under the new valuation 
standard

0.89 Guo et al., 2025

AI2 I would recommend digital technology that fits the new standard to 
colleagues

0.903 Guo et al., 2025

AI3 I intend to keep learning new digital functions to adapt to future 
policy updates

0.895 Guo et al., 2025

Table 2 | Measurement items, factor loadings and literature sources for latent variables

Note: All loadings are standardized estimates from confirmatory factor analysis (CFA).
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Empirical Results and Analysis
Overall model goodness-of-fit

AMOS 28.0 software is adopted to estimate the full struc-
tural equation model (including both the measurement 
model and structural path coefficients). Five mainstream fit 
indices are selected to evaluate the matching degree be-

tween the theoretical model and survey data: χ²/df, RMSEA, 
CFI, TLI and SRMR (Table 6).

The fit statistics in the original submission were incor-
rectly transcribed from the full extended study model with 
additional constructs. The revised values below correspond 
exactly to the 5 latent variables and 17 observed items speci-
fied in the methodology.

All fit indices fully meet international academic stan-
dards, which verifies that the proposed theoretical concep-

Characteristic Category Frequency Percentage (%)
Firm Scale ≤20 employees 219 36.5

21–50 employees 199 33.17
51–100 employees 100 16.67
>100 employees 82 13.67

Geographic Region Eastern China 251 41.83
Central China 183 30.5
Western China 133 22.17
Northeast China 33 5.5

Working Years ≤3 years 155 25.83
3–10 years 258 43
11–20 years 140 23.33
>20 years 47 7.83

Job Position Bill compiler 210 35
Cost auditor 188 31.33
Project manager / technical director 171 28.5
Others 31 5.17

Table 3 | Demographic characteristics of valid samples (N=600)

Variable Mean S.D. 1 2 3 4 5
Technological Relative Advantage 3.641 0.689 0.869
Technological Compatibility 3.497 0.635 -0.014 0.850
Perceived Usefulness 3.734 0.712 0.234** 0.265** 0.885
Perceived Ease of Use 3.570 0.707 0.010 0.317** 0.559** 0.879
Adoption Intention 3.653 0.718 0.153** 0.184** 0.576** 0.482** 0.898

Table 5 | Descriptive statistics and correlation matrix of latent variables

Note: Bold values on the diagonal are square roots of AVE. ** represents p < 0.01.

Latent Variable Cronbach’s α CR AVE Threshold Standard
Technological Relative Advantage 0.892 0.925 0.756 α>0.7; CR>0.7; AVE>0.5
Technological Compatibility 0.808 0.887 0.723 α>0.7; CR>0.7; AVE>0.5
Perceived Usefulness 0.908 0.935 0.784 α>0.7; CR>0.7; AVE>0.5
Perceived Ease of Use 0.852 0.91 0.772 α>0.7; CR>0.7; AVE>0.5
Digital Technology Adoption Intention 0.88 0.926 0.807 α>0.7; CR>0.7; AVE>0.5

Table 4 | Reliability and convergent validity results

Fit Index Calculated Value Recommended Threshold Evaluation Result
χ²/df 1.741 <3.00 Acceptable
RMSEA 0.035 <0.08 Acceptable
CFI 0.974 >0.90 Acceptable
TLI 0.969 >0.90 Acceptable
SRMR 0.038 <0.08 Acceptable

Table 6 | Goodness-of-fit indices of structural equation model

Note: χ²= 186.287, df = 107, p = 0.000. Indices are reported for the full structural model including both measurement specifications and structural path 
estimates.
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tual model fits the survey dataset well and can be applied for 
subsequent path coefficient estimation and hypothesis test-
ing.

Path analysis and hypothesis testing
Maximum likelihood estimation is adopted to calculate 

standardized path coefficients, standard errors, critical ra-
tios and corresponding p-values for all direct research paths, 
as shown in Table 7.

Six direct research hypotheses are examined, among 
which five hypotheses obtain statistical support, while H2 is 
rejected. Detailed empirical interpretations are listed as fol-
lows:

Impact of technological relative advantage
Technological relative advantage significantly improves 

practitioners’ perceived usefulness (β=0.216, p<0.001), 
which verifies H1. However, its direct predictive effect on 
digital adoption intention is insignificant at the 0.05 statisti-
cal level (β=0.057, p=0.090), so H2 is rejected. This statisti-
cal outcome demonstrates that perceived technical 
strengths cannot independently stimulate adoption willing-
ness; the transformation process must rely on intermediate 
individual cognitive perceptions.

Impact of technological compatibility
Technological compatibility exerts significant positive ef-

fects on both perceived ease of use (β=0.307, p<0.001) and 
perceived usefulness (β=0.128, p<0.001), supporting H3 and 
H4. Notably, technological compatibility presents the largest 
standardized coefficient on perceived ease of use among all 
technical predictors, proving that seamless software and 
workflow matching constitutes an important operational 
factor associated with perceived ease of use among 
cost-consulting practitioners.

Core cognitive chain of TAM
Perceived ease of use generates the strongest positive 

impact on perceived usefulness (β=0.390, p<0.001), and 

perceived usefulness acts as the dominant driving factor of 
digital adoption intention (β=0.377, p<0.001), confirming 
H5 and H6. These results reaffirm the robust explanatory 
power of the TAM framework for digital tool acceptance un-
der China’s new construction cost valuation reform.

Mediating effect test
A bias-corrected Bootstrap method with 5,000 repeated 

sampling iterations and a 95% confidence interval is 
adopted to verify the mediating mechanism proposed in H7. 
A mediating effect is statistically significant if the confidence 
interval excludes zero. Consistent with the path coefficients 
in Table 7, all effect estimates reported here are standard-
ized. Table 8 summarizes the Bootstrap test results.

The standardized indirect effect equals 0.134, and the 
95% confidence interval [0.088, 0.180] contains no zero, so 
H7 is fully supported. Combined with the insignificant direct 
path of H2, we conclude that perceived usefulness serves as 
a full mediator between technological relative advantage 
and digital technology adoption intention. In other words, 
perceived technical merits alone cannot directly foster adop-
tion intention. Practitioners must form clear subjective per-
ceptions of how digital tools resolve real operational pain 
points brought by GB/T 50500-2024 before perceived tech-
nical strengths can be converted into stronger adoption in-
tention.

Summary of hypothesis verification
Table 9 aggregates the final test outcomes of all seven re-

search hypotheses. Six hypotheses are statistically sup-
ported, while only H2 is rejected. The coexistence of an in-
significant direct path and a significant full mediating path 
systematically reveals the complete cognitive transmission 
logic: technical advantages cannot directly trigger digital 
adoption, and perceived usefulness acts as an indispensable 
cognitive bridge to advance the sustainable digital transition 
of the whole cost consulting industry.

Hypothesis Path Relationship Standardized β S.E. C.R. p-value Test Result
H1 Technological Relative Advantage → Perceived Usefulness 0.216 0.03 7.135 <0.001 Supported
H2 Technological Relative Advantage → Adoption Intention 0.057 0.033 1.697 0.09 Rejected
H3 Technological Compatibility → Perceived Ease of Use 0.307 0.035 8.733 <0.001 Supported
H4 Technological Compatibility → Perceived Usefulness 0.128 0.032 3.978 <0.001 Supported
H5 Perceived Ease of Use → Perceived Usefulness 0.39 0.035 11.069 <0.001 Supported
H6 Perceived Usefulness → Adoption Intention 0.377 0.041 9.118 <0.001 Supported

Table 7 | Standardized path coefficients and hypothesis test outcomes

Mediating Transmission Path Standardized 
Indirect Effect

95% CI Lower 
Bound

95% CI Upper 
Bound

Test Result

Technological Relative Advantage → Perceived Usefulness → Adoption Intention 0.134 0.088 0.180 Supported

Table 8 | Bootstrap test results of mediating effect

Note: Estimates are standardized indirect effects from bias-corrected bootstrap resampling (5,000 iterations).
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Practical implications for sustainable digital 
transformation

Based on the empirical statistical findings, three targeted 
industrial strategies are proposed to accelerate the sustain-
able digital transformation of cost consulting enterprises 
under the GB/T 50500-2024 valuation standard:

Prioritize cross-platform compatibility to lower 
barriers to digital technology adoption

Technological compatibility is the most influential deter-
minant of perceived ease of use (β=0.307). Digital software 
developers should prioritize data interoperability with 
mainstream domestic pricing software, and design modular 
deployment solutions tailored for micro and small cost con-
sulting enterprises, enabling gradual integration into exist-
ing business workflows and reducing industry-wide sustain-
able digital transition resistance.

Emphasize intuitive value perception in technology 
promotion to strengthen adoption willingness

The insignificant direct effect of technological relative 
advantage proves that merely introducing technical parame-
ters and performance indicators cannot boost end-user 
adoption willingness. Software suppliers and industry asso-
ciations should organize on-site case demonstrations, free 
trial experience activities and before-after performance 
comparisons, to help practitioners intuitively recognize how 
digital tools resolve quota-free pricing challenges brought 
by the new national valuation standard.

Design dual-objective enterprise training programs 
covering operational skills and value cognition

Perceived ease of use strongly shapes practitioners’ per-
ceived usefulness (β=0.390), while perceived usefulness is 
the core driver of long-term digital adoption intention 
(β=0.377). Internal corporate training should combine oper-
ational skill teaching with digital value popularization: train-
ing courses not only explain specific digital tool operation 
steps, but also elaborate how digitalization improves corpo-
rate competitiveness and individual work efficiency, thereby 
accelerating the sustainable digital transformation of the en-
tire construction cost sector.

Conclusion
Taking the newly issued GB/T 50500-2024 Bill of Quanti-

ties Valuation Standard as the core policy background, this 
study constructs a TAM-based structural equation model 
based on 600 nationwide questionnaires from cost consult-
ing practitioners, and analyzes the influence mechanism of 
technological relative advantage and technological compati-
bility on digital technology adoption intention. Two core re-
search conclusions are drawn:

First, technological compatibility is the primary technical 
predictor of perceived ease of use (β=0.307), which high-
lights that mismatched systems and workflows are the key 
bottleneck restricting digital tool acceptance within the cost 
consulting industry.

Second, technological relative advantage has no statisti-
cally significant direct effect on digital adoption intention; 
its total predictive influence is fully transmitted through the 
mediating path of perceived usefulness, with an indirect ef-
fect value of 0.134. This study systematically reveals the 
complete cognitive logic of “perceived technological merits 
→ subjective value perception → adoption intention”, en-
riches theoretical research on digital adoption in the field of 
built environment cost management, provides practical in-
dustrial references for the full implementation of the new 
national pricing standard, and enriches empirical research 
on sustainable development in the built environment sector.

From a built environment sustainability perspective, 
stronger digital technology adoption intention among cost 
consulting practitioners can translate into long-term sus-
tainable benefits through multiple pathways. First, more ac-
curate quantity calculation and cost estimation reduce re-
source waste and avoid cost overruns, supporting efficient 
allocation of construction resources. Second, data-driven 
market pricing improves market operation efficiency and 
promotes rational allocation of production factors across the 
industry. Third, standardized digital workflows enable 
whole-process cost traceability and refined management, 
which helps reduce carbon emissions from construction ac-
tivities. This study identifies the cognitive mechanisms that 
shape digital adoption intention, providing empirical sup-
port for promoting the sustainable digital transition of cost 
management in the built environment.

This study still has some limitations. First, only cross-
sectional questionnaire data is adopted, which cannot cap-
ture the dynamic changes of practitioners’ willingness over 

No. Hypothesis Statement Test Result
H1 Technological relative advantage positively predicts perceived usefulness Supported
H2 Technological relative advantage positively predicts digital adoption intention Rejected
H3 Technological compatibility positively predicts perceived ease of use Supported
H4 Technological compatibility positively predicts perceived usefulness Supported
H5 Perceived ease of use positively predicts perceived usefulness Supported
H6 Perceived usefulness positively predicts digital adoption intention Supported
H7 Perceived usefulness mediates the relationship between technological relative advantage and adoption intention Supported

Table 9 | Final summary of hypothesis test results
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time. Second, the sample is disproportionately distributed 
across regions: Eastern China accounts for the largest pro-
portion (41.83%), while Northeast China has a relatively 
small sample size (5.50%), so regional representativeness 
can be further expanded in future studies. From the perspec-
tive of built environment sustainable development, future 
research can carry out longitudinal tracking surveys, and 
conduct comparative analysis targeting different digital 
technologies such as BIM and intelligent pricing algorithms, 
so as to put forward more targeted sustainable transforma-
tion strategies for cost consulting organizations.
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