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Abstract. Due to the complex nature of mega construction projects (MCPs), technological innovation risks have signifi-
cantly increased. Cooperation is widely accepted as a proactive approach to resolving these risks. An in-depth study of
technological innovation cooperative behavior (TICB) helps understand the underlying reasons, but studies need to pay
more attention to it. This study explored the factors affecting TICB for MCPs and developed a conceptual model based

on the Theory of planned behavior (TPB). It established a structural equation model to verify the relationship between
influencing factors. An example verified the feasibility of the model. The results show that cooperative attitude, subjec-
tive cooperative norm, perceived cooperative behavior control, and cooperative scenarios positively affect cooperative
behavior through cooperative intention. Cooperative attitude plays a mediating role between cooperative scenarios and
cooperative intention. Perceived cooperative behavior control has no direct effect on cooperative behavior. This study
provides a theoretical reference to guide future empirical studies and enriches the knowledge of TICB for MCPs.
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1. Introduction

Mega construction projects (MCPs) are “super” infrastruc-
ture projects due to their unique, complex, and systematic
nature (Flyvbjerg, 2014). More to this, due to the ever-
growing importance and expansion, they can come to the
point of affecting the goals since technological innova-
tion would incur risks to stakeholders in the process of re-
search, transformation, and industrialization (Shukra et al.,
2021). Many factors hinder the technological innovation
of MCPs, including the uncertain environment, the com-
plex projects, and the limited innovation ability (Ma & Fu,
2020). These cannot be held as evidence against techno-
logical innovation in MCPs since it is vitally important to
the development of the nations. Technological innovation
cooperation behavior (TICB) provides a direction to resolve
these conflicts.

However, MCPs emphasize communication, coordina-
tion, and partnership (Sun & Zhang, 2011). This brings us
to the conclusion that the stakeholders make them (i.e.,
leadership, risk, and relationship) inevitable to regard as
an essential part of TICB for MCPs (Aladag & Isik, 2019;

Zaman et al., 2022). The interaction among stakeholders
of TICB is worth further exploration (Liu & Ma, 2021; Nok-
tehdan et al.,, 2019). The success of any MCPs lies in the
TICB of individuals and organizations (Hu & Diao, 2021), in
addition to the upstream and downstream of the industri-
al chain. Understanding cooperative relationships among
universities, research institutes, contractors, owners, de-
sign units, and other stakeholders is the basis for solving
scientific issues (Dong & Martin, 2017). They should also
broaden their concern to highlight cooperative behavior
(CB) (Coenen & Lopez, 2010).

For MCPs with a complex organizational structure, TICB
usually involves multiple stakeholders (Du et al., 2022). Due
to their different roles, stakeholders must clarify the atti-
tudes, values, and goals in the process of TICB. The theory
of planned behavior (TPB) helps researchers understand
how these factors affect the behaviors of the stakeholder
(Betts et al, 2011; Neto et al., 2020). By illustrating how
intentions translate into behavior, researchers can better
grasp the dynamic factors in the cooperation process and
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guide for solving cooperation issues (Ajzen, 2020). To fill
the knowledge gaps, this study aims to explore the influ-
encing factors of TICB for MCPs based on TPB and the
relationship among them.

The structure of this study is organized as follows. We
discuss the related literature review and hypotheses in
Section 2. Section 3 interprets the research methodolo-
gies. In Section 4, this study identifies factors and then
discusses the relationship among factors in Section 5. Fi-
nally, Section 6 concludes this study.

2. Literature review and hypothesis

TPB is Ajen’s extension of the theory of rational behavior
(Ajzen, 2020). The theory mainly predicts and interprets
individual behavior and decision-making processes (Neto
et al., 2020). Behavioral attitude, subjective norm, and per-
ceived behavioral control affect behavioral intention. Exact
perceived behavior control can predict the possibility of
actual behavior. Behavioral intention directly affects actual
behavior (Ajzen & Kruglanski, 2019; Hagger et al., 2016;
Scuotto et al,, 2020). Although TPB was initially proposed
at the individual level, it also has some applicability to re-
search at the organizational level, which can help us bet-
ter explain organizational behavior (Johnson & Hall, 2005;
Zheng et al,, 2018).

The predictive effect of TPB on TICB has been con-
firmed by a series of studies (Nieto & Santamaria, 2010;
Sendstad et al., 2023). Under the TPB framework, TICB
highlights cooperative intention (Cl) rather than coopera-
tive effect. Cl refers to the motivation of technological in-
novation stakeholders for MCPs to carry out CB and their
willingness to cooperate (Yi & Zhang, 2022). Targets and
intentions drive organizational behavior (Scuotto et al.,
2020; Xiong et al., 2021). TPB deems how stakeholders
shape cooperative attitude (CA), subjective cooperative
norm (SCN), and the perceived cooperation of behavior
control (PCBC), thus influencing CI and CB (Ajzen, 2020).
To realize the innovation goal, technological innovation
stakeholders with positive CA, SCN, and PCBC carry out
the organization mode of long-span resource integration.
Owners drive other stakeholders to innovate and provide
information for the innovation activities (Zhu et al., 2020).

Specifically, CA expresses the probability of the feasible
result of TICB and the subjective evaluation of the out-
come or experience. SCN comes from the influence of oth-
ers’ opinions, manners, and behaviors. PCBC is the sense
of difficulties and obstacles before technological innova-
tion stakeholders cooperate (Lee & Kim, 2018). In addition,
many scholars have discussed selecting technological in-
novation stakeholders, analyzing influencing factors, and
formulating cooperation strategies from interdisciplinary,
cross-industry, and cross-sector perspectives (Zhang &
Tang, 2017; Zhu et al., 2021). They reveal that internal R&D
cooperation is an effective management strategy to pro-
mote enterprise innovation (Zhang & Tang, 2017). Exter-
nal environment orientation accelerates R&D partnerships
(Li & Wang, 2022). Therefore, it is meaningful to consider

the essential characteristics of TICB and the expansion of
TPB. The significant influence of cooperative scenarios (CS)
such as policy, economy, talent, and technology on the CA
and ClI of technological innovation is also worth exploring
(Jain et al,, 2020; Zhang et al., 2022). Corresponding to the
above, this study attempts to construct a comprehensive
framework to explore how CA, SCN, PCBC, and CS affect
TICB. It is also a research gap to be solved in this study.

In the process of technological innovation for MCPs,
conflicts of objectives and interests restrict the stakehold-
ers from cooperating. When technological innovation
damages one party's interests and increases the other’s
claims, the negative CA of technological innovation stake-
holders will affect Cl and CB. The technological innovation
stakeholders on issues such as improper interest distri-
bution, unclear risk sharing, and incomplete information
exchange will inhibit CI (Yang et al., 2020). When they
provide sufficient input and allocation, other stakehold-
ers will be absorbed in advancing the collaboration (Cai
et al.,, 2020).

Based on the above analysis, the following hypotheses
are proposed:

H1: CI will mediate the relationship between CA and CB.
H2: CI will mediate the relationship between SCN and CB.
H3: ClI will mediate the relationship between PCBC and CB.

MCPs are highly valued by the government, and the
relevant policies address the promotion of TICB (Chen
et al., 2020). The government provides special funds to en-
sure the smooth implementation of technological innova-
tion for MCPs. Policy investment is made to protect TICB.
These policies decrease the potential risks of innovative
activities, making technological innovation stakeholders in
CA and Cl more positive (Wang et al., 2021). MCPs with
complex geological terrain, needy working environments,
and rugged construction conditions inevitably lose core
technology talents (Sun & Zhang, 2011). Considering the
complex work of MCPs, the talent shortage will negatively
impact CA and Cl for the operation process. A team with
high cohesion, high efficiency, and high quality will help
further ensure cooperation. Technological innovation for
MCPs is constantly pioneering, and the stakeholders’ co-
operation requires technological input as the basis (Zhu
et al,, 2018).

Based on the above analysis, the following hypotheses
are proposed:

H4: CA will mediate the relationship between CS and Cl.
H5: CI will mediate the relationship between CS and CB.

Benefit distribution and risk sharing are the key points
of cooperation, and CB pays more attention to equity than
efficiency. On the one hand, the benefits of technologi-
cal innovation for MCPs are reflected in the new equip-
ment and technology. Benefit distribution will eventually
be transformed into the ownership of intellectual property
rights. Rational division of intellectual property rights en-
courages more vigorous participation in cooperation. On



Figure 1. The theoretical model of TICB for MCPs

the other hand, a reasonable determination of the risk
bearers and the proportion to bear can reduce the prob-
ability of risk occurrence and loss, which controls the cost
of risk management and maximizes the benefit of techno-
logical innovation (Aladag & Isik, 2020). To some extent,
the stronger the Cl of technological innovation stakehold-
ers, the more effort they will make to practice MCPs. It can
even be understood that the Cl directly determines the CB
of technological innovation stakeholders (Segarra-Cipres
et al.,, 2014).

Based on the above analysis, the following hypotheses
are proposed:

H6: PCBC has a positive effect on CB.
H7: Cl has a positive effect on CB.

The theoretical model of this study is shown in Figure 1.

3. Methodology
3.1. Research flowchart

This study adopted a mixed research method, including
four main stages (see Figure 2).

Firstly, this study inspected the TICB in five MCPs (three
tunnel projects and two bridge projects) in China through
interviews, network meetings, and group discussions. The
five projects are located in unique geographical sites. The
region has nine characteristics: significant topographic
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elevation difference, complex geological structure, vigor-
ous seismic activity, frequent mountain disasters, rough
climatic conditions, fragile ecological environment, weak
infrastructure, scarce social resources, and sensitive reli-
gious beliefs. Our interviewees were selected according
to pre-determined standards. They were mainly liable for
the technological innovation of the work site and the re-
search of “four new” technologies (new technology, new
approach, new materials, and new equipment).

The survey was conducted in a group format. The first
field survey conducted in-depth research on the techno-
logical innovation and application of the project in Au-
gust 2022, including an intelligent toxic gas detection
robot and intelligent radar detection vehicle. Combined
with the relevant literature, we designed the interview out-
line. From August to September 2022, the weekly network
meeting will be held. The group invited several experts
from Northeastern University, Central South University,
and China Academy of Railway Sciences Group Limited to
discuss the scientific and measurable nature of the ques-
tionnaire indicators and form a preliminary questionnaire.
In October 2022, the group conducted the second field
survey, interviewing relevant staff in the five projects. Each
discussion lasted 1-1.5 hours. The group members dis-
cussed and got the final questionnaire according to the
interview results. Please refer to the Appendix for the de-
tailed questionnaire.

Secondly, the group summarized the collected data,
which became the foundation of the theoretical model.
Based on TPB and combined with the practice of MCPs,
this study established the index system of influencing fac-
tors of TICB for MCPs. The system includes CA SCN, PCBC,
Cl, and CS, as shown in Table 1. The group invited five
experts undertaking relevant tasks in MCPs to conduct a
pilot survey. The experts responded to questions in the
guestionnaire for more than ten minutes. By collecting ex-
perts’ opinions on the factors affecting the TICB for MCPs,
the research verified the appropriateness and complete-
ness of the questionnaire items.

Figure 2. Research flowchart
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Table 1. Determinants for TICB in MCPs

497

Groups Factors 1 2 3 4 5 6 7 8 9 10 11 12
CA1 Satisfaction v v v v v v v v
CA CA2 Trust v | v 4 v v
CA3 Expected return v v v v v v v v v v v
SCN1 industry impact v v v v v v v
SCN SCN2 Others influence v v v v v v v v
SCN3 Own actual situation v v v v v v v v v
PCBC1 Responsible attribution v v v v v v
PCBC | PCBC2 Perceived risk v | v | ¥V 4 v v
PCBC3 Time pressure v v v
CI1 Innovative consciousness v v v v
q CI2 Innovative demand v v v v v
CI3 Publicity and promotion v v
Cl4 Extend cooperation v v v v
CS1 Policy support v v v v
cs CS2 Economic input v v v v
CS3 Talent investment v v v v
CS4 Technical support v v v v
CB1 Cooperative network v v v v v
B CB2 Cooperative frequency v v
CB3 Cooperative duration v v v v

Note: 1 — Ashaduzzaman et al. (2022); 2 — Huang et al. (2021); 3 — Ma et al. (2022); 4 — Shou et al. (2023); 5 — Long et al. (2017); 6 — Hau
and Kim (2011); 7 — Xiong et al. (2021); 8 — Yuan et al. (2018); 9 — Yan et al. (2020); 10 — Li et al. (2018); 11 — Zheng et al. (2018); 12 -

Adriaanse et al. (2010).

Thirdly, the Structural equation model (SEM) of the in-
fluencing factors is built. It is a multiple statistical analysis
method used to test a set of hypotheses about the re-
lationship among variables, and it evaluates two models:
the measurement model and the structural model. The
measurement of these unobserved variables is discussed
before discussing the relationship among the latent vari-
ables. SEM uses Confirmatory Factor Analysis (CFA) to as-
sess the measurement model. Model fit is evaluated for
CFA to validate the measurement. Through the results of
CFA, the questionnaire can be properly evaluated, includ-
ing the rationality of the question setting and the reliability
and validity of the questionnaire. Once the model fit is
done, the structural model among the latent variables is
assessed. The structural model reveals relationships among
latent variables. These relationships are examined by path
analysis (a particular type of multiple regression analysis).
In path analysis, we make assumptions about direct and
indirect effects and then use statistical methods to test
whether these assumptions hold. If the effect is consistent
with the hypothesis, the model is supported. Otherwise,
the hypothesis needs to be revised and tested. The model
includes six latent variables and 20 apparent variables. CS,
CA, SCN, and PCBC are premise variables, CA and Cl are
intermediate variables, and CB is the outcome variable.
AMOS software tested and verified its validity.

Finally, we summarized and discussed the analysis re-
sults, and this study’s theoretical and practical implications
were proposed.

3.2. Data collection and analysis

After the pilot study, from February to March 2023, the
group distributed questionnaires to professionals through
face-to-face interviews, Tencent conference interviews, and
questionnaire magnitude. This study illustrated factors to
ensure the accuracy of understanding. For example, "Satis-
faction” refers to the degree of satisfaction with the tech-
nological innovation subject to the existing cooperative re-
lationship. “Responsible attribution” means that the stake-
holders are liable for the adverse consequences caused by
the CB and earnestly perform the contract. “Perceived risk”
refers to the uncertainty and adverse consequences the
subject cooperation perceives. "Publicity and promotion”
refers to whether the subject is willing to publicize the posi-
tive effects of TICB. “Cooperative duration” refers to wheth-
er the subjects are eager to go all out to achieve the tasks
undertaken in the TICB and continue to cooperate in the
construction of future engineering projects. "Cooperation
network” refers to the interdependent relationship between
technological innovation cooperation stakeholders and the
realization of project construction objectives through coor-
dination. The questionnaire consists of three parts:
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(1) Basic information of the interviewee (work expe-
rience, responsibilities undertaken in the project,
type of company).

(2) Respondents’ attitudes towards the importance of
20 influencing factors were measured by Richter’s
five-level scale (1= very unimportant, 2 = unim-
portant, 3 = average, 4 = important, 5 = very im-
portant).

(3) Opening questions.

Out of 226 responses, the question “time is taken to
fill in 60 seconds”, the scale score is the same, the same
item score is the same, the score is regular, there are 202
effective questionnaires, and the effective rate is 89.38%.
The number of valid questionnaires was more than ten
times the maximum item, and the samples encountered
the recommended standards for statistical analysis (Hair
et al,, 2012). SPSS software made a statistical analysis of
the questionnaire data. It can be seen from Table 2 that
81.19% of the respondents held junior management po-
sitions or above and had an excellent educational back-
ground. Additionally, all practitioners have some experi-
ence in TICB for MCPs, further ensuring data quality.

4. Results

4.1. Descriptive statistics on sample data

The descriptive statistical analysis mainly reveals the data
distribution of observed variables, including the number
of samples, mean value, standard deviation, skewness, and
peak value. In 202 questionnaires, the respondents’ scores
on the items are on a scale of 1-5, with the mean [3.68,
4.17] and standard deviation [0.886, 1.119]. The overall dis-
tribution is reasonable. In the test of normal distribution,
the absolute values of skewness coefficients and kurtosis
coefficients are <3, conforming to normal distribution.

4.2. Data reliability and validity test

Cronbach’s a coefficient tests the scale’s internal consist-
ency. According to the questionnaire reliability and validity

Table 2. General information of the respondents

test results, the corrected item total correlation of all items
is > 0.4. The Cronbach’s a coefficients of the whole scale
and variables are > 0.8, indicating that the questionnaire
has internal consistency.

The Kaiser-Meyer-Olkin and Bartlett spherical test re-
sults demonstrates that the KMO value of the whole scale
and variables are > 0.7. The significance value Sig. is <
0.05, indicating that the scale data are suitable for the
factor analysis. The factor analysis results shows that the
cumulative variance interpretation rate of the six factors
is 58.494% > 50%, indicating that the six factors could ef-
fectively extract the item information.

4.3. Convergent validity and
discriminant validity test

In order to ensure the validity and rationality of the meas-
urement model, convergent validity and discriminant va-
lidity should be tested. The convergent validity test results
are shown in Table 3. AVE (>0.5), CR (>0.7), and P(<0.001)
are reasonable. The measurement indexes of latent vari-
ables have good internal consistency. The discriminant
validity test results are shown in Table 4. Each factor's AVE
square root value (0.769, 0.838, 0.769, 0.795, 0.857, 0.754)
exceeds “the maximum value of the correlation coefficient
between the factor and other factors”, indicating good dis-
crimination validity.

4.4. Model fitting tests

This study constructed a SEM to investigate further the
relationship among the latent variables in the concep-
tual model shown in Figure 1. According to the theoreti-
cal model and relational hypothesis, the sample data was
imported into Amos 22.0, and the standardized path co-
efficients of the model were obtained through analysis,
as shown in Figure 3. Based on the path coefficient and
influence significance between variables, the “CB—~PCBC"
standardized path coefficient is 0.003, P = 0.847 > 0.05.
It indicates that the path has no decisive influence and
should be deleted. Therefore, the model needs to be re-
vised.

Respondents Categorization Number Percentage
Types of the enterprises Owner 36 17.82%
Contractor 78 38.61%
Universities & research institute 60 29.71%
Other (government) 28 13.86%
Related work experience 1-3 years 132 65.35%
4-Tyears 60 29.70%
> 8 years 10 4.95%
Position in the project or enterprise | Technical personnel 38 18.81%
Ordinary management 88 43.57%
Senior management 76 37.62%
Education background Bachelor 96 47.52%
Postgraduate 100 49.51%
Other 6 2.97%
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Table 3. Convergent validity test results

Latent variable | Measurement index | Standardized path coefficient | Non-standardized path coefficient | SE. | P | CR | AVE
CA1 0.755 1 0.000 | ***
CA CA2 0.846 1.117 0.105 | *** | 0.812 | 0.591
CA3 0.699 0.935 0.107 | ***
SCN1 0.776 1 0.000 | ***
SCN SCN2 0.803 1.025 0.097 | *** [ 0.838 | 0.632
SCN3 0.806 1.087 0.103 | ***
PCBC1 0.813 1 0.000 | ***
PCBC PCBC2 0.837 1.022 0.08 | *** [0.876 | 0.702
PCBC3 0.863 1.035 0.08 | ***
CI 0.836 1 0.000 | ***
Cl2 0.858 1.009 0.067 | ***
Cl 0.917 | 0.735
CI3 0.887 1.039 0.066 | ***
Cl4 0.847 0.974 0.066 | ***
Cs1 0.818 1 0.000 | ***
*k%k
cs Cs2 0.707 0.76 0.069 0.848 | 0592
CS3 0.949 1.133 0.074 | ***
Cs4 0.545 0.596 0.074 | ***
CB1 0.762 1 0.000 | ***
CB CB2 0.77 1.289 0.128 | *** | 0.798 | 0.568
CB3 0.728 0.977 0.102 | ***
Note: *P < 0.05, **P < 0.01, ***P < 0.001.
Table 4. Discriminant validity test results
Latent variable cs PBC SN @ CB
(&) 0.769
PBC 0.000 0.838
CA 0.637 0.000
SN 0.000 0.000 0.000 0.795
Cl 0.450 0.347 0.303 0.857
CB 0.350 0.270 0.236 0.778 0.754
After model modification, the proper calculation of Table 5. Model fitting test results
the model was carried out, and the fitting indexes of the at p . h <tatistical -
structural equation model are shown in Table 5. The index f.a‘ego.r)go fi ame c:j. € a 'IS ca dl‘ )
values of GFl = 0.968 > 0.9. AGEl = 0929 > 0.9 NFI = itting index itting indicator value condition
. 7 = . ., = >
0.908 > 0.9, RFl = 0.960 > 0.9, IFl = 0.931 > 0.9, CFI = Xe/df 1975 v
0.926 > 0.9, X%/df = 1.975 < 3, RMSEA = 0.070 < 0.08, . GFI 0.968 v
and RMR = 0.029 < 0.05, indicating that the constructed ﬁzs(;'“te fitness AGFI 0.929 v
conceptual model is good. RMR 0,029 v
. RMSEA 0.070
4.5. Direct effect test v
NFI 0.908 v
The revised model test results are shown in Figure 4. Ac-
. . . . - RFI 0.960
cording to the path coefficient and influence significance X?:;‘Zsa,iz‘;d 4
. . . e I | X
between variables, the direct effect hypothesis is verified. IFl 0.931 v
The standardized path coefficient of the direct effect of Cl CFI 0.926 v
on CBis 0.776, P < 0.001, indicating that Cl have a statisti- PGFI 0426 v
cally significant positive effect on CB. Therefore, the origi- Reduced fitness ONFI 0408 v
nal hypothesis is accepted, and H7 is established. The es- index oCH 0405
timated values of the parameters are acceptable statistics. : v
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Figure 3. Uncorrected SEM
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The factor load of latent variable on the observed variable
is positive, indicating that it has a statistically significant
positive effect. The factor loads of the four observed vari-
ables of Cl are 0.836, 0.858, 0.887, and 0.847, respectively.
The factor loads of the three observed variables of PCBC
are 0.813, 0.837, and 0.863, respectively, indicating that
the reliability of the two measurement models is good.
As for the standardized regression coefficients B in the
measurement models of CA, SCN, and CB are all located
at [-1, 1], and the parameters estimated by the model are
reasonable.

Considering the large number of abbreviations in this
study, the variables and abbreviations are set to facilitate
the understanding of readers and researchers, as shown
in Table 6.

Table 6. Variables and their abbreviations

Variables Abbreviations
Mega construction projects MCPs
Technological innovation cooperative behavior TICB
Cooperative behavior CB
Cooperative attitude CA
Cooperative intention Cl
Subjective cooperation norm SCN
Perceived cooperative behavior control PCBC
Cooperative scenario CS

4.6. Mediating effect test

Currently, the academic circle uses the product of Boot-
strap direct test coefficient to test the mediating effect.
This study tested the mediating effect using Bootstrap in
Amos 22.0. Two thousand samples were set. Set the con-
fidence level to 95% in both bias-corrected confidence in-
tervals and percentile confidence intervals in Table 7.

Table 7 shows that in the intermediate path CS—Cl—
CB, the standardized indirect effect coefficient is 0.350,
95% bias-corrected confidence intervals are [0.185, 0.525]
between low and high values, and 95% percentile confi-
dence intervals. The low and high intervals are [0.183, 0.522],
excluding 0, and P values are less than 0.001, indicating
that ClI will mediate the relationship between CS and CB.
Therefore, the original hypothesis is accepted, and H5 is
valid. The same applies to H1, H2, H3, and H4.

Table 7. Bootstrap analysis of mediating effect

5. Discussion

Technological innovation stakeholders of MCPs are a grow-
ing organization. Cooperation improves the efficiency of
technology transfer. It plays a positive role in the success
of technological innovation. Nevertheless, more attention
should be paid to accelerating cooperation to promote
technological innovation. Therefore, we examined how CA,
SCN, and PCBC affect CB, whether CB is directly affected
by PCBC and Cl, and the potential impact of CS.

Trust has been in the spotlight since the public re-
alized it would affect cooperative intensity, quality, and
value (Liao & Long, 2019). Researchers have highlighted
illustrating and validating the significance of close partner-
ships. However, trust requires addressing improving the
initiative of CA and improving the effect of technological
innovation by influencing Cl (Zhao et al., 2014). Based on
TPB, the standardized path coefficient of trust on CA is
0.846, better than the satisfaction and expected income
measurement effect. It shows that trust is an important in-
dicator to improve the enthusiasm of CA for MCPs, which
emphasizes that companies increase collaborative trust in
reaction to conflict in innovation ecosystems to influence
CB by improving Cl. Companies that are less connected
or have complementary technologies of value are likely to
expand their cooperation over well-connected companies
or technology competitors. Companies with trust may seek
opportunities for collaboration (Jones et al.,, 2021).

Due to the characteristics of complex technology, tre-
mendous project volume, numerous stakeholders, and
long construction periods, potential dangers and disasters
may bring technological innovation risks for MCPs. Faced
with these risks, companies will take different approaches
to whether to cooperate. Enterprises should consider their
resource conditions and technical capabilities to optimize
resource allocation. When technological innovation stake-
holders have technological advantages, knowledge re-
sources, learning ability, and innovation experience, they
can effectively exchange knowledge in cooperation and
are more inclined to cooperate. Responsible attribution,
perceived risk, and time pressure are 0.813, 0.837, and
0.863 respectively. Technological innovation cooperation
can solve the issues resulting in these potential variables.
They cover the perception of tasks, roles, responsibilities,
and decision-making. Stakeholders are subject to coop-
eration when they have greater decision-making power.

Model path Standardized | 95% bias-corrected confidence intervals 95% percentile confidence intervals Hypot‘hesis
effect value B Lower Upper P value Lower Upper P value testing
CA-CI-CB 0.284 0.072 0.556 **(0.009) 0.060 0.534 *(0.012) v
SCN—-CI-CB 0.236 0.073 0478 **(0.001) 0.072 0.475 **(0.001) v
PCBC—CI-CB 0.27 0.124 0.455 **(0.001) 0.102 0.431 **(0.001) v
CS—CA-CI 0.232 0.069 0.516 **(0.006) 0.046 0473 *(0.012) v
CS—CI-CB 0.350 0.185 0.525 i 0.183 0.522 e v

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




They are willing to make efforts for the realization of co-
operation aims. This is consistent with a current study. It
proves that SCN can enhance the awareness of informa-
tion sharing and knowledge exchange among members,
making cooperation more possible. CA of some innovation
stakeholders will affect the enthusiasm of others to coop-
erate with them, thus affecting the work docking and work
quality (Peng & Chan, 2019; Yan et al., 2020).
Technological innovation stakeholder cooperation is a
complex game relationship. Cooperation is subject to insti-
tutional constraints. Technological innovation stakeholders
of MCPs should consciously fulfill their contractual obli-
gations, reduce opportunistic behavior, avoid taking ad-
vantage of information asymmetry for speculation, reduce
MCPs risk and time stress, and enhance the stability of
cooperation (Helm & Kloyer, 2004). It was also confirmed
in this study, which clarified the positive and significant
effects of responsible attribution, perceived risk, and time
pressure on PCBC. Establishing a precise risk-sharing ra-
tio and benefit-sharing mechanism for TICB is crucial. This
study points out that PCBC will affect the amounts of re-
sources invested in cooperation, the degree of innovative
efforts, and the choice of opportunistic and reciprocal be-
haviors but will not directly decide whether to cooperate.
Technological innovation risks are brought about by orga-
nizations’ different natures, motives, and goals, improper
distribution of benefits, needy information exchange, and
other problems (Delbufalo, 2015). For example, in the
process of TICB for MCPs, the application of technologi-
cal innovation results will generate data that can obtain
practical benefits through the standardized processing of
the platform (Li & Wang, 2022). If the interface correlation
degree of technological innovation achievements is low, it
is not easy to convert data into information. Enhancing Cl
to reduce the risk of technological innovation is an inevi-
table choice for each project to adopt a digital and visual
inspection system and form an integrated construction
and maintenance management (Zhao et al., 2022).
Governments play an essential role in technological in-
novation cooperation. Relevant research clarified the im-
portance of government policy inputs and the direction
for the government to decide on MCPs. The model fitting
results showed that the correlation coefficient between
policy support and CS was 0.818, which reveals that pol-
icy support is conducive to creating a good atmosphere
for innovation cooperation. It can incentivize stakehold-
ers to promote Cl and improve cooperation enthusiasm.
It guarantees the smooth development of technological
innovation activities in resource acquisition, innovation
transformation, and achievement application (Ozorhon,
2013; Sparrevik et al., 2018). The technological innovation
of MCPs should be closely related to the actual engineer-
ing and effectively serve the needs of the field. This puts
forward higher requirements for investing funds, talents,
technology, and other aspects required in technological
innovation activities. We have noticed that the techno-
logical innovation stakeholders will adjust the choice of
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subject behavior in the face of CS changes. A good CS
will create a healthy atmosphere for innovative coopera-
tion. Geographically located businesses may have a basis
for mutual trust, generating positive CA and Cl. It enables
various inputs to be put in place promptly and effectively,
uniting efficient and high-quality teams and generating
cluster advantages (Gemser & Leenders, 2011).

In addition, according to the analysis of SEM results,
improving the frequency of TICB, extending the duration
of TICB, and promoting the positive role of TICB will affect
MCPs. These are other key content to enhance coopera-
tion among technological innovation stakeholders.

6. Conclusions

6.1. Theoretical implications

Guided by TPB, this study focuses on the influencing fac-
tors of TICB for MCPs and explores the influencing path
and internal mechanism based on SEM. Overall, CA, SCN,
PCBC, and CS have a significant favorable influence on ClI.
CS is added to the TPB to provide a new analytical frame-
work for subsequent studies. This study also deeply ana-
lyzed the observational variables affecting CA, SCN, PCBC,
CS, Cl, and CB and then revealed the internal relationship
between factors and indicators, which made the influenc-
ing factors more hierarchical and helped researchers fur-
ther explore different objects.

First, this study expanded the literature on TICB for
MCPs based on TPB. It proved that Ajen’s theory can be
applied to the case of TICB for MCPs and the mediating
effect of CA and Cl. We extend TPB, which not only con-
sidered the influencing factors of TICB for MCPs from the
perspective of internal motivation but also introduced CS
to explore the role of the external environment. It pointed
out the critical influence of CS.

Second, for enterprises, universities, and research in-
stitutes, this study constructed an index system to explore
a complete framework of influencing factors of the TICB
for MCPs, including CA, SCN, PCBC, and CS. The frame-
work identifies the advantages of cooperative behavior
governance to incentivize TICB to enhance the subject’s
initiative. Compared to most research on cooperation in
MCPs that adopted the qualitative description method,
this study was more systematic and easier to verify. It pro-
vided a measuring tool for the behavior and performance
of technological innovation stakeholders in cooperation
with MCPs and a quantitative guide for future research.

Third, this study used "TPB+SEM" to study the TICB for
MCPs, making it more rigorous and scientific. Combined
with quantitative analysis, it makes up for the limitation of
subjective factors of TPB to a certain extent. It will help to
develop more practical solutions, such as interest distribu-
tion ratio and risk-sharing mechanism, to form a stable
and lasting partnership and enhance openness, inclusive-
ness, and trust among the leading players.
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6.2. Practical implications

This study systematically studies the TICB for MCPs, and
the target audiences of the research results include the
government, enterprises, universities, and research insti-
tutes. Practical significance is mainly reflected in the fol-
lowing four specific recommendations.

6.2.1. Introduce relevant policies and establish
high-level innovation cooperation teams

The government can promote the close cooperation of
cutting-edge enterprises, universities, and research in-
stitutes in the fields related to MCPs through tax incen-
tives, laws, and regulations. For example, we will set up
innovation funds and increase investment to encourage
enterprises, universities, and research institutes to tackle
critical issues and solve bottlenecks in MCPs jointly. The
government can promote close cooperation among stake-
holders through policy guidance and public services. For
example, preferential tax policies can be formulated to re-
duce enterprises’ tax burden and improve their research
investment and technological innovation capability. At the
same time, public services, such as technology transfer,
intellectual property protection, and financing support, can
be provided to facilitate and support cooperation among
stakeholders. Regulations clearly define the rights and
obligations of stakeholders and provide a legal basis for
partnerships. It stipulates the cooperation agreement and
the rules that competition behavior should follow to avoid
the conflicts and losses caused by competition. Coordina-
tion mechanisms, communication channels, and decision-
making processes will promote cooperative relationships’
stable and long-term development.

Technological innovation stakeholders of MCPs to con-
tinuously increase talent investment are significant, such
as improving salary and providing better career develop-
ment opportunities. By accumulating high-quality prod-
ucts and services, the high-level team enables the part-
ners to have higher expectations for social exchange and
enhance cooperation in more fields. The key to creating
a high-level technical innovation cooperation team is to
select outstanding talents with an innovative spirit, tech-
nical strength, and teamwork spirit. We can attract and
select talents with relevant experience and professional
skills through recruitment and internal selection. A suitable
communication mechanism is the foundation of teamwork.
Regular communication channels, such as team meetings
and technical exchanges, are necessary to promote com-
munication and collaboration. At the same time, it is nec-
essary to encourage team members to put forward their
own opinions and suggestions to stimulate the creativity
and innovative spirit of the team. A good team culture and
atmosphere is necessary for creating a high-level technical
innovation cooperation team.

6.2.2. Define the risk allocation ratio and establish
a benefit sharing mechanism

Before determining the proportion of risk allocation, it
is necessary to evaluate the partners’ technical strength

and resource input. This includes assessing technologi-
cal research and development capabilities, technological
achievements, technical personnel, and each party's capi-
tal, equipment, time, and other resources investment. We
can assess how much technological strength and resource
investment impact the risk. The risk tolerance is an essen-
tial factor in determining the risk allocation ratio. Some
partners may have a high-risk tolerance, while others may
have a relatively low-risk tolerance. Through consultation
and negotiation, the interests and needs of all parties can
be comprehensively considered, and a fair and reason-
able proportion of risk allocation can be reached, laying
the foundation for the long-term stability of cooperative
relations. Through consultation and negotiation, the in-
terests and needs of all parties can be comprehensively
considered, and a fair and reasonable proportion of risk
allocation can be reached, laying the foundation for the
long-term stability of cooperative relations.

A precise benefit sharing mechanism is critical to en-
suring the smooth and long-term development of TICB for
MCPs. Before the benefit sharing mechanism is developed,
the objectives and tasks of cooperation need to be de-
fined. This helps to determine the value and contribution
of cooperation and provides a basis for distributing ben-
efits. Formulating a reasonable proportion of distribution
is necessary according to the contribution and value. It can
be considered according to the proportion of investment,
technical difficulty, and market prospects. In the process
of TICB, there may be various changes and adjustments. It
is necessary to establish a dynamic adjustment mechanism
and make timely adjustments to the distribution of ben-
efits according to factors such as the progress of coopera-
tion and market changes. In order to ensure the fairness
and rationality of the benefit distribution mechanism, we
should establish a monitoring and feedback mechanism,
including regular assessment of the cooperative progress
and collection of feedback. Through supervision and feed-
back mechanisms, problems can be found and solved in
time to ensure the smooth progress of MCPs.

6.2.3. Establish close cooperation relations
and broaden the cooperation network

Close cooperation relations are the key to cooperation for
technological innovation stakeholders. Owners must put
forward an apparent demand for technological innovation
and fully play the coordinating role. On the premise of
accurately grasping the status quo of technological inno-
vation, universities and research institutes actively break
through the MCPs problem. The survey, design, and con-
struction units provide timely feedback and relevant infor-
mation and increase the implementation of scientific and
technological achievements. They must trust, understand,
and respect each other’s opinions and positions. We can
enhance mutual understanding and trust by strengthening
communication and exchanges and laying a good foun-
dation for cooperation. In TICB, the advantages and re-
sources of stakeholders are different, and a reasonable di-
vision of labor and cooperation is required. We can realize



resource sharing and complementary advantages through
the division of labor and cooperation. In order to maintain
the partnership, incentives need to be established, includ-
ing the establishment of incentive funds, the provision of
technical support, and the promotion of successful cases.

Through close connection and resource integration,
technological innovation stakeholders for MCPs can ef-
fectively match external resources with actual demands
and form a cooperative network. It is conducive to estab-
lishing mutual influence and inextricable internal relations
among technological innovation stakeholders. The larger
the scale of the cooperative network, the network’s total
knowledge diversity is conducive to the innovation subject
to improve the breadth and heterogeneity of the available
knowledge and the efficiency of information transmission
among network members.

6.2.4. Build an information integration platform
and play a leading role

Enterprises in the industrial chain have a positive attitude
towards the stakeholders’' honor, abilities, and resources
and believe that cooperation with the partners can bring
more benefits. The cross-organizational, cross-domain,
and cross-regional cooperation of stakeholders in the
industrial chain must be associated with constructing an
integrated platform. Stakeholders focus on critical risks, in-
tegrate research and information technology, promote the
combination of new-generation information technology,
and create an integrated platform for virtual construction,
intelligent construction, and smart management. This plat-
form can provide brighter management and improve the
competitiveness of the entire industrial chain. Through
the lap bonding service system, technical demonstration
promotes the organic combination of technology research
and achievement transformation, and cooperative stake-
holders with well-off practical experience in key technolo-
gies are promoted to realize the landing of special techni-
cal services or products.

6.3. Limitations and further direction

Despite the essential findings discussed, this study is also
subject to certain limitations that could be addressed in
future research. This study discusses the CB for MCPs. Co-
operative relationships and cooperative performance de-
serve systematic consideration. Some studies have pointed
out that CB plays a mediate role between cooperative re-
lationships and cooperative performance. Whether this
theory can be verified for MCPs remains to be explored.
We mentioned in the article that there are differences in
technological innovation at different stages, so are there
differences in cooperation at different stages? How to set
the profit-sharing ratio of the TICB for MCPs? How do we
establish a sharing mechanism? These questions still re-
quire in-depth consideration.

This study uses SEM to analyze the influencing factors
of the TICB for MCPs. SEM has certain advantages in the
explanation of the multivariate relationship. However, the
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causal relationship between variables expressed by SEM
relies on cross-sectional data, which can be studied with
DEMATEL, interpretive structural model, and other meth-
ods. TICB for MCPs is a complicated and dynamic process.
It is difficult to predict the future tendency using SEM.
Compared with the traditional quantitative methods, sys-
tem dynamics can not only consider all the influencing
factors of CB but also be more suitable for assessing the
results of the TICB for MCPs due to its sustainable, sys-
tematic, and forward-looking characteristics. In addition,
this study was discussed in a specific Chinese institutional
context and may not represent all national contexts.
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APPENDIX

Section 1: Corporate and Personal Information

(Please state or tick the appropriate answer):

1. What is your role in the mega construction project?

[ ] Owner [ ] Contractor

[ ] Universities & research institute [ ] other

2. How long have you worked?

[ ]1-3 years [ ]4-7 years [ ]> 8years

3. What is your job category?

[ ] Senior management [ ] Ordinary management [_| Technical personnel
4. What is your education background?

[ ] Bachelor [ ] Postgraduate [ ] Other

Section 2: Influencing factors of mega construction project
technological innovation cooperation

507

Please indicate to what extent your project, has introduced mega construction project technological innovation coopera-
tion in the following aspects. Kindly use the scale from 1 to 5; where 1 denotes Very Unimportant, 2 denotes Unimportant,
3 denotes Average, 4 denotes Important and 5 denotes Very Important. Kindly write the appropriate number in the last
column Your response for each statement.

Very Unimportant Unimportant Average Important Very Important Your
1 2 3 4 5 response
1 | We are delighted with both formal and informal cooperation. 1
2 | We trust each other to take a positive attitude in responding to demand and supply. 1
3 | We believe cooperation among innovation subjects can achieve the expected benefits. 1
4 The attitude of the whole industry to participate in mega construction project technological innovation cooperation 1
is positive.
5 | Other enterprises recognize the cooperative behavior of innovation subjects. 1
6 | From the perspective of their practical development, innovation cooperation is essential. 1
7 | We can undertake the task of technological innovation cooperation in mega construction projects. 1
8 | We can perceive the risk of mega construction project technological innovation. 1
9 We can solve the potential problems caused by the schedule pressure of mega construction projects through 1
technological innovation cooperation.
10 | We are ready to cooperate actively. 1
11 We are willing to provide the resources needed for cooperation on technological innovation in mega construction 1
projects.
12 We are willing to actively promote establishing an efficient and open cooperation ecosystem for technological 1
innovation in mega construction projects.
13 | We are willing to continue to carry out technological innovation cooperation in mega construction projects. 1
14 | We believe that policy support can enhance the willingness of major parties to cooperate. 1
15 We believe that economic input is necessary for technological innovation cooperation in mega construction 1
projects.
16 | We believe that talent investment can promote innovation cooperation among subjects. 1
17 | We believe that technical support is the foundation of collaborative interaction. 1
18 | Innovation subjects are actively building cooperation networks. 1
19 | Innovation subjects increase the frequency of cooperation. 1
20 | Innovation subjects strive to extend technological innovation cooperation time. 1

Section 3: Openning Questions

What are the most critical constraints for mega construction project technological innovation cooperation?
Do you have any good suggestions to promote the innovation enthusiasm of the participating units and

most builders?
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