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Abstract: Building Information Modeling (BIM) has become the development trend in the architec-

ture, engineering, and construction (AEC) industry. BIM discipline competition is an effective way 

for students of AEC-related disciplines to integrate theory with practice, and it is a key link to cul-

tivate qualified BIM practitioners. This study takes participants of the 8th National College BIM 

Graduation Design Innovation Competition as the research objects. The Technology Acceptance 

Model and the Theory of Planned Behavior are combined to build a driving factor model of the 

competitions. Contestants of the competition were asked to complete online questionnaires, and 451 

valid samples were finally obtained. Structural Equation Modeling was used to fit the theoretical 

model, and it was found that: Behavioral Intention to use BIM is directly and positively affected by 

Attitude, Perceived Behavioral Control, and Perceived Usefulness, as well as indirectly and posi-

tively affected by Perceived Usefulness and Perceived Eased of Usefulness. Competition Results is 

directly and positively affected by Behavioral Intention to use BIM, Perceived Behavioral Control, 

and Facilitating Conditions. It is also indirectly and positively affected by Attitude, Perceived Be-

havior Control, Perceived Usefulness, and Perceived Eased of Usefulness. The results show that the 

situation of students’ participation in BIM competition can be optimized by increasing the publicity 

and promotion of BIM and related policies, strengthening the construction of supporting teaching 

facilities, building the integrated curriculum system of BIM technology, and strengthening teacher 

training. This study provides a theoretical reference for further BIM practice, and it would help 

improve the corresponding teaching organization and enhance the internal drive of students’ BIM 

learning.  

Keywords: BIM; technology acceptance model; theory of planned behavior; behavioral intention; 

competition results 

 

1. Introduction 

The construction industry has changed from traditional construction practice to BIM-

based practice [1]. As the second revolution of the construction industry, BIM technology 

has effectively promoted the sustainable development of the construction industry [2]. 

However, most construction companies still do not have a holistic understanding of BIM 

[3], and there are still problems in the implementation of BIM technology. BIM’s imple-

mentation difficulties include poor government leadership, insufficient guidance, organ-
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izational problems, legal problems, high application costs, and insufficient external incen-

tives [4]. The demand for BIM technical talents is urgent, and the development of the in-

dustry also forces colleges to offer BIM-related courses to cultivate BIM technical talents. 

In recent years, colleges and universities in China have successively set up BIM courses; 

however, the teaching effect is not ideal due to such bottlenecks as “the disconnect be-

tween teaching and practice”, “students’ lack of ability to solve problems independently”, 

“students’ lack of innovation practice”, “lack of experienced teachers”, and “poor hard-

ware conditions” [5–8]. Colleges and universities must review the gap between BIM edu-

cation and industry practice [1]. With the government’s strong support, some regions and 

enterprises have conducted various BIM competitions, hoping to stimulate students’ abil-

ity to connect theory with practice, which is lacking in the current BIM education [9,10]. 

However, more studies on the influencing factors of BIM competition and the effect of 

BIM competitions on the improvement of students’ comprehensive ability are needed to 

provide theoretical and empirical evidence to improve BIM competition and education. 

Therefore, this study aims to understand the role of discipline competition in pro-

moting students’ learning of BIM technology, software application, and mastery of pro-

fessional knowledge. Taking the 8th National College BIM Graduation Design Innovation 

Competition as the platform, this study constructs the driving factors model based on the 

integrative application of the Technology Acceptance Model (TAM) and the Theory of 

Planned Behavior (TPB). Perceived Eased of Usefulness (PEU), Perceived Usefulness (PU), 

Attitude (AT), Subjective Norm (SN), Perceived Behavioral Control (PBC), Facilitating 

Conditions (FC), Behavioral Intention to use BIM (BI), and Competition Results (CR) are 

involved in the model to explore factors that affect the contestants’ competition results 

and their willingness to continue using BIM technology. This study intends to provide a 

theoretical basis for further improvement of the BIM discipline competition quality and 

BIM education quality. 

2. Literature Review 

2.1. Application of BIM 

BIM is meant for the process of creating and managing information, which enables 

AEC professionals to effectively plan, design, construct, and manage the whole construc-

tion project’s life cycle [11]. With BIM’s implementation, project management’s complex-

ity and difficulty will be significantly reduced [12], and productivity will be improved [3]. 

Many countries have been committed to promoting BIM technology. For example, since 

2016, South Korea has required that all public buildings with a cost of more than USD 27.6 

million must introduce BIM technology [4], and the British government formulated a stra-

tegic policy, expecting to achieve the complete collaboration of BIM in all public sector 

projects by 2016 [13]. However, the application of BIM has not reached the expected level. 

There are some problems in the practice process, such as insufficient understanding of 

BIM, lack of training, and ambiguous roles and responsibilities [13]. Howard et al. [13] 

found that current policies and research are mainly concentrated at the industry, enter-

prise, and project level, while the needs at the individual participant level have not gotten 

enough attention. Al-Ashmori et al. [3] found that most construction companies in Malay-

sia lack an understanding of BIM technology.  

Compared with developed countries, the development of BIM technology in China 

has been initiated relatively late, but the policy support of the Chinese government for 

BIM technology has been continuous. In the “14th five-year plan for the development of 

housing and urban, rural construction science and technology”, the importance of BIM 

technology is emphasized again. The document mentioned to “study the theory, method, 

and support system of the integrated application of BIM technology and the new genera-

tion of information technology to support the digital transformation and development of 

the construction industry” [14]. Heng and Hong-yu [15] divided the research of BIM tech-
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nology in China into two stages. The first stage is from 2002 to 2014 when scholars under-

stand BIM in the primary stage. The second stage starts after 2015, during which BIM-

related research is in the ascendant and has made some progress. Zhou et al. [4] divided 

the strategies prepared in China into five categories: BIM standards and guides, BIM soft-

ware development, BIM training for talents, BIM-related academic research, and BIM best 

practices. With the vigorous promotion of the Chinese government, many construction 

projects have adopted BIM technology. However, there are still obstacles in construction 

projects, such as insufficient government guidance, insufficient external incentives, the 

unclear willingness of project participants to cooperate, a lack of professionals, and others 

[4,15,16]. At present, the adoption of BIM technology still lags behind expectations. 

2.2. Teaching of BIM 

The improvement of BIM education will positively impact the BIM awareness [2]. 

BIM modeling in architectural education is conducive to developing students’ project con-

cepts and design ability [17]. Scholars have studied how to integrate BIM into the existing 

curriculum system and also studied problems in BIM education. Elgewely et al. [18] pro-

posed to integrate BIM into architectural engineering education. They confirmed through 

empirical research that using Virtual Reality (V.R.) to realize students’ practical teaching 

can significantly improve their learning experience and performance. Clevenger et al. [19] 

studied the way to integrate BIM technology into architectural engineering-related 

courses. Casasayas et al. [20] divided reasons that hinder BIM education in Australian 

universities into four aspects: change management adjustment, curriculum and content 

restrictions, problems of educators, and disconnection from the industry. Through the re-

search, they pointed out that researchers should provide the link between graduates’ 

preparation for BIM and their employability in the Australian market. They also argued 

that relevant research should highlight the industry’s needs. In addition, Puolitaival and 

Forsythe [21] proposed that the preparation and optimal use of practical models in high-

quality education is a major challenge. 

The training of BIM technical talents in China is still in infancy [16], and there are 

many problems, such as “lack of equipment and facilities”, “unsystematic curriculum set-

ting”, “the teachers’ insufficient professionalism”, and “lack of systematic curriculum ap-

plication” [22]. To improve the teaching effect of BIM technology, some colleges integrate 

BIM technology into the graduation design, hoping to strengthen the connection between 

BIM education and industry [23]. 

2.3. Discipline Competition 

In order to make up for the problems of disconnection from actual projects and in-

sufficient practical experience of students in BIM education, various competitions have 

been held in collaboration with industries, enterprises, and colleges. Due to a large num-

ber of practical engineering projects, the participation of enterprises in competitions can 

significantly improve the connection between students and practical engineering [24]. 

With the development of various competitions, scholars have conducted research on dis-

cipline competitions, mainly involving the pattern and problems of competitions, the 

combination of competition and school curriculum, and the impact on students’ personal 

ability [25–30]. Plakhotnik et al. [27] confirmed that the experience of participating in com-

petitions significantly impacts the career decision-making and self-efficacy of participants. 

With the joint promotion of universities and enterprises, discipline competitions in China 

are booming. However, there are also some problems, such as “repeated content”, “lim-

ited project types”, and “a limited number of trainees” [26]. Currently, most of the re-

search on discipline competition focuses on the innovative talent training mode and the 

operation status analysis. However, the internal influencing factors of students’ participa-

tion in discipline competitions have not been thoroughly studied. However, students are 

the main body of discipline competitions, so analyzing the internal influence in discipline 

competitions is necessary [28]. 



Behav. Sci. 2022, 12, 360 4 of 15 
 

The existing studies are mainly carried out from the macro perspective, while more 

attention is needed at the personal level. The cultivation mode of BIM technical talents in 

colleges are still being explored, and there is no widely recognized system mode so far. 

Although the role of BIM discipline competitions in promoting BIM talent training has 

been demonstrated, there is less understanding of the competition’s effectiveness from the 

contestants’ perspective. Therefore, this study takes contestants as the object to study the 

influencing mechanism of the contestants’ competition results, expecting to provide a the-

oretical basis for improving BIM competition and BIM education.  

3. Methodology 

3.1. Research Theoretical Model 

Davis et al. [31] proposed the TAM in 1989, which points out that the behavior of 

people facing new things will be affected by PEU, PU, AT, and BI [16]. Many scholars have 

used the TAM model to study the construction industry’s acceptance of BIM technology. 

Acquah et al. [32] used TAM to test the acceptance of BIM in Ghana’s construction indus-

try, while Lee et al. [33] developed a BIM acceptance model based on the theory related to 

technology acceptance behavior. In addition, Zhao et al. [34] studied the specific mecha-

nism of Chinese AEC professionals’ acceptance of BIM technology in combination with 

the TAM and Technology Organization Environment model.  

Scholars also attempt to integrate various theoretical models to better explain peo-

ple’s acceptance behavior in the face of new technologies. Venkatesh et al. [35] proposed 

the Unified Theory of Acceptance and Use of Technology (UTAUT) in 2003, which inte-

grates eight main models: the Theory of Reasoned Action, the Technology Acceptance 

Model, the Motivation Model, the Theory of Planned Behavior, the combined TAM-TPB 

model, the Model of Personal Computer Utilization, the Innovation Diffusion Theory, and 

Social Cognition Theory.  

In addition, TPB, as one of the most widely used theories in social and behavioral 

sciences, has been widely used in health science, environmental science, educational re-

search, and other fields [36]. TPB mainly proposes that behavior intention is formed by 

three factors: attitude, subjective norms, and perceived behavior control. Some scholars 

also use TPB to explore the final use behavior of BIM technology. For example, Wu et al. 

[37] confirmed the applicability of the TPB with the study of critical factors of profession-

als’ BIM technology adoption behavior.  

Generally, while participants have a firm behavior intention on BIM technology, they 

will have stronger motivation in the process of the competition to achieve better competi-

tion results. Howard et al. [13] verified the significant impact of behavioral intention on 

behavior in empirical research. When people are facing new technologies, their behavior 

depends on their attitude towards new technologies [16]. Botero et al. [38] confirmed that 

attitude is a powerful factor affecting behavioral intention. Zhou and Li [39] verified that 

the acceptability of secondary vocational students to the mixed teaching model would be 

affected by the people around them, while Venkatesh and Zhang [40] also verified that 

the influence of the surrounding environment and people can significantly impact indi-

vidual behavior through comparing the social environment of China and the United 

States. In UTAUT, it is believed that the promotion conditions will also affect people’s 

final use behavior [40]. In addition, Ao et al. [1] pointed out that the results of students 

participating in competitions will be affected by the guidance of instructors. Therefore, 

the factor of “Facilitating Conditions” has also been considered in this study. 

The variables in this study model are defined as follows. 

CR: The final performance of a competitor in a BIM competition.  

FC: How much support the individual feels from the organization for learning BIM tech-

nology and participating in the competition in terms of relevant technologies and equip-

ment.  
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BI: Individual’s subjective judgment on the probability of continuing to learn BIM tech-

nology and engaging in relevant industries in the future. 

AT: Individual’s positive or negative feelings about learning BIM technology and partici-

pating in the competition. 

SN: The degree to which an individual perceives others around him as to whether he 

should learn BIM technology and enter the competition. 

PU: The extent to which an individual believes learning BIM technology and participating 

in the competition will help his or her abilities or future career. 

PBC: The extent to which individuals anticipate learning BIM technology and participat-

ing in the games that they can control or master. 

PEU: How easy an individual thinks it is to learn BIM and compete. 

Based on the above research conclusions and the team’s research basis for the BIM 

competition, this study puts forward the following assumptions: 

Hypothesis 1 (H1): AT of participants has a positive effect on BI; 

Hypothesis 2 (H2): SN of participants has a positive effect on BI; 

Hypothesis 3 (H3): PBC of participants has a positive effect on BI; 

Hypothesis 4 (H4): BI has a positive impact on CR; 

Hypothesis 5 (H5): PBC of participants has a positive effect on CR. 

When participants feel that learning BIM technology is not difficult and that BIM 

technology benefits the growth of their comprehensive personal ability, their attitude to-

wards BIM technology may be more positive. Their intention to use BIM technology in 

the future may also be enhanced. Sun and Cao [16] verified that when students feel that 

learning BIM technology is helpful, they will learn BIM technology with a positive atti-

tude, and their subsequent behavior will be affected. Meanwhile, when the difficulty of 

learning BIM technology is acceptable, students would think that learning and using BIM 

technology is useful, and their corresponding learning behavior would be promoted. 

Zhao et al. [34] also verified that perceived usefulness and perceived eased of usefulness 

have a significant positive effect on attitude. Therefore, this study proposes the following 

assumptions: 

Hypothesis 6 (H6): PU has a positive effect on AT;  

Hypothesis 7 (H7): PEU has a positive effect on AT;  

Hypothesis 8 (H8): PEU has a positive effect on PU;  

Hypothesis 9 (H9): PU has a positive effect on BI. 

When participants can get adequate support, such as equipment and technical guid-

ance, they would solve problems in a timely and effective manner in the competition, 

which may encourage them to achieve better competition results. Howard et al. [13] also 

confirmed that good external promotion conditions significantly positively impact the fi-

nal use behavior. Therefore, the following assumptions are made: 

Hypothesis 10 (H10): FC has a positive effect on CR.  

According to the above research assumptions, the systematic theoretical model pro-

posed in this study is shown in Figure 1. 
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Figure 1. Driving factors model of BIM competition results based on TAM-TPB. 

3.2. Data Collection 

According to the above theoretical model, the questionnaire has been implemented 

to collect data. The questionnaire is mainly divided into two parts: the first part is the 

demographic variables of the contestants, including gender, grade, major, and others, and 

the second part is all the measurement items involved in the model. The five-point Likert 

scale was used to measure the degree of conformity between each observation variable 

and the contestant (1-completely disagree; 2-basically disagree; 3-average 4-basically 

agree; 5-completely agree). The specific items of the questionnaire are shown in Table 1.  

Table 1. Measuring Scale. 

Latent 

Varia-

bles 

Codes Observed Variables Source 

PEU 

PEU1 Participating in BIM competition can improve professional knowledge. 

[31,34,35] PEU2 
Participating in BIM competition can improve team cooperation ability and commu-

nication ability. 

PEU3 Learning BIM technology is helpful for my career development. 

PU 

PU1 BIM competition is not difficult for me. 

[31,34,35]  PU2 The interface design of BIM software is reasonable and easy to operate. 

PU3 BIM software is easy to learn and easy to use. 

SN 

SN1 People who affect my behavior think I should participate in the BIM competition. 

[35–37,41,42] SN2 People who are important to me think I should participate in the BIM competition. 

SN3 People who affect my behavior think I should learn BIM technology. 

PBC 

PBC1 
Even if there is no help, I am confident to complete the BIM graduation design com-

petition. 

[35–37,41,42] PBC2 
Even if I have no BIM competition experience before, I am confident to complete the 

BIM graduation design innovation competition. 

PBC3 
As long as I try my best, I can always solve problems encountered in the BIM compe-

tition. 

FC 

FC1 
When I encounter difficulties during the competition, instructors/classmates can help 

me solve difficulties. [1,35,40] 

FC2 BIM technology is related to my major. 

FC3 My school supports us in participating in BIM competitions.  

AT 
AT1 Learning BIM technology is interesting. 

[13,16] 
AT2 It’s fun to participate in the BIM competition. 
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AT3 I like to participate in the BIM competition. 

BI 

BI1 I intend to continue to study/use BIM technology. 

[27,43] 
BI2 

If I am engaged in the construction industry in the future, I will give priority to BIM-

related positions. 

BI3 
I would pay more attention to BIM-related positions while looking for part-time in-

ternships and employment. 

The 8th National College BIM Graduation Design Innovation Competition, as one of 

the BIM competitions with high recognition, was held from October 2021 to May 2022. 

The competition provides a new pattern for the application exploration of BIM education 

and the curriculum of BIM-related courses. The competition includes nine aspects: civil 

construction BIM modeling and application, mechanical and electrical BIM modeling and 

application, the whole process cost management and application, BIM bidding manage-

ment and application, BIM decoration design creativity and innovation, application of 

BIM construction project management, prefabricated building BIM design and construc-

tion, intelligent building and management innovation and BIM positive design applica-

tion innovation. There are four prizes: first prize, second prize, third prize, and excellence 

award. More than 560 colleges and universities have joined the competition. This research 

is divided into two stages. The first stage was the pre-survey conducted from 28 March 

2022 to 3 April 2022. After the pre-survey, the questionnaire is adjusted. The second stage 

is the formal investigation, conducted from 5 April to 28 May 2022. The questionnaire 

collection was completed with the assistance of the organizer, Glodon Company Limited, 

of the competition. The questionnaires were distributed to the participating students 

through the system during the competition. A total of 828 questionnaires were collected, 

of which 451 were valid, with an effective rate of 54.47%.Table 2 represents the interview-

ees’ statistics: 

Table 2. Demographic distribution. 

Characteristics 
 Sample 

 Frequency Proportion (%) 

Gender 
Male 251 55.7 

Female 200 44.3 

Age 

Under 19 9 2.0 

19–21 256 56.8 

22–24 179 39.7 

25 and above 7 1.5 

Major 

Engineering management 125 27.7 

Engineering cost 146 32.4 

Civil engineering 100 22.2 

Water supply and drainage science and en-

gineering 
7 1.6 

Building environment and energy applica-

tion engineering 
10 2.2 

Building electrical and intelligent 8 1.8 

Other 55 12.2 

Grade 

Freshman 13 2.9 

Sophomore 116 25.7 

Junior 197 43.7 

Senior 125 27.7 
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4. Results 

4.1. Reliability and Validity 

Cronbach’s α coefficient is used to test the reliability of the questionnaire. It is gener-

ally believed that the questionnaire has good reliability when the Cronbach’s α coefficient 

reaches 0.8 [37]. The overall Cronbach’s α coefficient of the questionnaire was 0.959. Ad-

ditionally, the Cronbach’s α coefficient of PU, PEU, SN, FC, AT, PBC, and BI, respectively, 

are 0.948, 0.849, 0.930, 0.912, 0.915, 0.910, and 0.931, all of which reached above 0.8, indi-

cating good reliability of the questionnaire.  

Confirmatory factor analysis was used to test the validity of the questionnaire, and 

the test results showed that the KMO value was 0.947, which was higher than the critical 

value of 0.7 [44], and the p-value of significance was 0. Meanwhile, all factor loadings were 

between 0.629 and 0.924, which were at acceptable levels. The AVE was calculated to test 

the convergent validity of the questionnaire data. If the value was greater than 0.5, the test 

was passed; if the CR was greater than 0.7, the test was passed [45]. The test results are 

shown in Table 3, which shows that the results are good and can be further analyzed in 

the structural equation model. 

Table 3. Test Results of the Measurement Model. 

Variable CR AVE Distinctions 

   PU PEU SN PBC FC AT BI 

PU 0.949 0.861 0.928       

PEU 0.8533 0.659 0.775 0.812      

SN 0.932 0.822 0.518 0.561 0.906     

PBC 0.912 0.776 0.578 0.572 0.292 0.881    

FC 0.913 0.778 0.708 0.731 0.366 0.799 0.882   

AT 0.919 0.791 0.771 0.724 0.371 0.728 0.767 0.889  

BI 0.931 0.819 0.709 0.719 0.335 0.664 0.796 0.763 0.905 

4.2. Goodness of Fit 

The fitting index of the structural equation model is shown in Table 4. All the indexes 

meet the recommended optimal value requirements except GFI. Although GFI does not 

meet the requirements of the optimal recommended value, it is also very close to the re-

quired 0.9, and it is also considered to be within the range of acceptability when GFI is 

greater than 0.8 [37], so it could be considered that the model has a good fitting. The model 

fitting results are shown in Table 4. 

Table 4. Structural model fitting index. 

Index CMIN/DF GFI AGFI RMSEA NFI RFI IFI TLI CFI 

Text Value 2.878 0.896 0.864 0.065 0.944 0.934 0.963 0.956 0.963 

Recommended Value 1~3 >0.9 >0.9 <0.08 >0.9 >0.9 >0.9 >0.9 >0.9 

Source [34,37] 

4.3. Path Analysis 

According to the empirical research results, except for hypothesis 2, all other hypoth-

eses are accepted. The fitting results of the model are shown in Figure 2. The results of 

hypothesis testing are shown in Table 5.  
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Figure 2. Model Analysis Diagram. 

Table 5. Hypothesis test results. 

Path Hypothesis Std. S.E C.R. p Verified Results 

BI <— AT H1 0.377 0.077 5.634 *** Accepted 

BI <— SN H2 −0.043 0.052 −1.111 0.352 Rejected 

BI <— PBC H3 0.273 0.058 5.566 *** Accepted 

CR <— BI H4 0.211 0.048 4.622 *** Accepted 

CR <— PBC H5 0.344 0.068 5.946 *** Accepted 

AT <— PU H6 0.321 0.077 4.279 ** Accepted 

AT <— PEU H7 0.541 0.098 6.514 *** Accepted 

PU <— PEU H8 0.834 0.057 16.795 *** Accepted 

BI <— PU H9 0.298 0.072 4.935 *** Accepted 

CR <— FC H10 0.35 0.079 5.232 *** Accepted 

Note: *** means p < 0.001, ** means p < 0.01. 
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4.4. Total Effect, Direct Effect, and Indirect Effect 

In order to clearly reflect the total effect, direct effect, and indirect effect among var-

iables, the methods of “indirect, direct, and total effect” are used when exporting the re-

sults. The total effect, direct effect, and indirect effect among variables are shown in Table 

6. The relationship between direct and indirect effect variables is shown in Figure 3. 

Table 6. Total effect, direct effect and indirect effect. 

  FC PBC SN PEU PU AT BI 

PU 

Total — — — 0.834 *** — — — 

Direct — — — 0.834 *** — — — 

Indirect — — — — — — — 

AT 

Total — — — 0.808 *** 0.321 ** — — 

Direct — — — 0.541 *** 0.321 ** — — 

Indirect — — — 0.267 ** — — — 

BI 

Total — 0.273 *** −0.043 0.553 *** 0.419 *** 0.377 *** — 

Direct — 0.273 *** −0.043 — 0.298 *** 0.377 *** — 

Indirect — — — 0.553 *** 0.121 ** — — 

CR 

Total 0.350 *** 0.404 *** −0.009 0.122 *** 0.093 *** 0.083 *** 0.221 *** 

Direct 0.350 *** 0.344 *** — — — — 0.221 *** 

Indirect — 0.060 *** −0.009 0.122 *** 0.093 *** 0.083 *** — 

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

Perceived Usefulness
(PU)

Perceived Eased of 
Usefulness(PEU)

Attitude(AT)

Subjective Norm(SN)

Perceived Behavioral 
Control(PBC)

Facilitating 
Conditions(FC)

Behavioral Intention to 
use BIM(BI)

Competition Results(CR)

Direct and indirect influence paths of CR:                                         Direct and indirect influence paths of BI:
BI→CR                                                                                                        AT→BI
FC→CR                                                                                                       PU→BI
PBC→CR                                                                                                    PBC→BI
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PU→BI→CR                                                                                              PEU→PU→AT→BI
PU→AT→BI→CR
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PEU→PU→BI→CR
PEU→PU→AT→BI→CR . 

Figure 3. Relationship diagram between direct and indirect effect variables. 

5. Discussion 

PEU has a significant positive impact on CR (0.122). As can be seen from Table 6 and 

Figure 2, the action path of PEU on CR can be divided into three aspects: PEU → AT → BI 

→ CR, PEU → PU → AT → BI → CR, PEU → PU → BI → CR. PEU had directly significant 

positive effects on AT (0.541) and PU (0.834). Meanwhile, PEU has an indirectly significant 

positive effect on AT (0.267) through “PU → AT (0.321)”, which strengthens the total effect 

of PEU on AT (0.808). Similarly, PEU has an indirectly significant positive impact on the 
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BI (0.553) through “AT→ BI (0.377)” and “PU→ BI (0.298)”. Finally, PEU has an indirectly 

significant positive impact on CR (0.122) through “BI→ CR (0.221)” (PEU has no direct 

effect on competition performance, but there is indirect effect: PEU → AT → BI → CR = 

0.541 × 0.377 × 0.221 = 0.045; PEU → PU → AT → BI → CR = 0.834 × 0.321 × 0.377 × 0.221 = 

0.022; PEU → PU → BI → CR = 0.034 × 0.298 × 0.221 = 0.055; indirect effect = 0.045 + 0.022 

+ 0.056 = 0.122; total effect = direct effect + indirect effect = 0 + 0.122 = 0.122; the calculation 

process of indirect effect and total effect of other paths are consistent with this). Davis [46] 

believes that individual experience in using new technologies significantly impacts PEU 

and PU While technology is simple to use, its usefulness will be improved accordingly. 

Notably, the total effect of PEU and PU on BI is ranked first and second. Sun and Cao [16] 

believe that when college students feel that learning BIM technology is useful, they will 

take a positive attitude toward learning BIM technology. Zhao et al. [34] verified that pro-

fessionals’ PEU and PU of BIM technology would significantly affect their attitude to-

wards BIM technology. So, improving PEU and PU is an effective way to promote the 

willingness to use BIM technology and can further effectively improve students’ perfor-

mance in BIM competition. Therefore, in the teaching process of AEC majors, BIM mod-

eling courses should be implanted earlier so that students can understand BIM technology 

earlier and realize the benefits of BIM technology to improve their professional ability and 

their acceptance of BIM technology. Moreover, students’ PEU and PU of BIM technology 

should be improved through more practical operation links.  

PBC has a significant positive impact on CR (0.404), and there are two influencing 

paths: PBC → CR, PBC → BI → CR. PBC has a directly and positively significant impact 

on BI (0.273) and CR (0.344). At the same time, the PBC has an indirectly and positively 

significant effect on CR (0.060) through “BI → CR (0.221)”, which strengthens the total 

effect of PBC on CR. In conclusion, the overall effect of PBC on CR is the largest. This 

indicates that the stronger the confidence and belief of participants in completing the com-

petition, the stronger the willingness to continue to learn BIM technology and engage in 

relevant positions in the future, which can indirectly improve the competitive perfor-

mance of participants. Shi et al. [28] believe that lack of confidence may lead students to 

give up participating in the competition, which is consistent with the results of this study. 

Meanwhile, if the participants have reasonable confidence and belief, they will keep a 

positive attitude in the competition process and learn BIM technology more actively. After 

an in-depth understanding of BIM technology, their willingness to use it in the future will 

be promoted [13]. According to the result, improving PBC is an effective way to improve 

CR First, colleges should help students lay a good foundation in professional courses so 

that students could get familiar with the basic concept of BIM technology and software 

operation, which might help them to reduce the difficulty of participating in the competi-

tion. Second, colleges and enterprises can give students more opportunities to exercise 

their comprehensive ability to improve their self-confidence and give full play to their 

initiative in learning. This tool may help to improve the PBC of students.  

FC, the second major factor affecting the CR, has a directly and positively significant 

impact on CR (0.350). Shi et al. [28] pointed out that students are easy to be influenced by 

external factors, such as lack of competition information and inactive instructors. These 

influences hinder students from participating in competitions. Howard et al. [13] also ver-

ified the positive relationship between external promoting conditions and students’ per-

sonal use of BIM technology. It is consistent with the results of this study. This conclusion 

also reminds colleges to increase investment in BIM education and provide more suitable 

conditions to support students in learning BIM technology.  

SN does not significantly influence BI, so there is no significant indirect influence on 

CR through “BI → CR”. This result is different from the research conclusions of Howard 

et al. [13] and Wu et al. [37], whose studies verified that individuals would be affected by 

surrounding people. The reason may be that their research is aimed at industry employ-

ees, and whether industry employees adopt BIM technology is more subject to the require-
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ments of enterprises and industries [13]. In contrast, the participants in this study are stu-

dents, and their feelings and gains in the competition are more based on individual feel-

ings. As a result, students are less affected by their surroundings. 

6. Conclusions 

6.1. Conclusions and Suggestion 

In this study, participants of the 8th National BIM Graduation Design Innovation 

Competition were selected as the objects to explore factors that influence participants’ 

performance and willingness to continue using BIM technology. A TAM-TPB-based driv-

ing factors model of the competition was built from the perspective of PEU, PU, AT, SN, 

PBC, FC, BI, and CR. The following conclusions are drawn through this study: 

(1) CR is directly and positively affected by BI, PBC, and FC, while it is indirectly and 

positively affected by AT, PBC, PU, and PEU. In addition, PBC has the most consid-

erable total effect on CR. 

(2) BI is positively and directly significantly affected by AT, PBC, and PU, as well as posi-

tively and indirectly significantly affected by PU and PEU. Moreover, PEU has the larg-

est total effect on BI.  

To help ACE major students master BIM technology and complete the transition be-

tween school and industry, the following suggestions, which are combined with the cur-

rent situation of BIM education, are put forward: 

(1) Increasing the publicity and promotion of BIM and related policies: In the current 

situation, students lack interest and initiative in BIM learning because of problems 

such as inadequate understanding. This study suggests that schools or enterprises 

carry out related lectures, activities, and competitions to preach BIM technology and 

relevant policies, and promote the development of BIM education through the “FC→ 

CR” path. Moreover, professional course teachers can also have positive guidance for 

BIM technology to promote students’ perceived usefulness. So that students would 

have a positive attitude to BIM technology and achieve good results in BIM compe-

titions through the paths of “PU → AT → BI → CR” and “PU → BI → CR”.  

(2) Strengthening the construction of supporting teaching facilities: At present, the sup-

porting facilities and training sites of BIM teaching are not enough to support stu-

dents in carrying out practical training. This survey shows that PEU has the largest 

total effect on BI, so it is important to improve students’ PEU. Appropriate hardware 

and software support can help students learn BIM technology, thus improving aca-

demic PEU and helping to complete the competition. So, colleges should create good 

conditions, such as increasing the investment in teaching software and hardware, 

deepening school-enterprise cooperation, improving the basic practice teaching plat-

form, building a special BIM training room, and completing BIM teaching software, 

for BIM teaching to motivate students to learn BIM and participate in competitions.  

(3) Building the integrated curriculum system of BIM technology: To improve the con-

nection between professional courses at different stages, it is suggested to use the 

same project to teach in different courses. For example, use the same project to carry  

out teaching in courses such as architectural engineering drawing, architectural en-

gineering budget estimate, REVIT, and others [19]. Multi-stage training of the same 

project can effectively improve students’ PEU and confidence in BIM learning and 

competition, and it could effectively improve competition performance and practical 

ability of students through the paths of “PEU → AT → BI → CR”.  

(4) Strengthening the training of teachers: At present, most college teachers lack engi-

neering practice experience. Therefore, colleges should organize industry lectures, 

training, and other activities. This pattern could help to strengthen the school-enter-

prise linkage and enrich the practical experience of teachers. People with rich practi-

cal experience in the industry can also be hired as guest lecturers to teach in case of 

insufficient teachers [5]. Teachers with rich professional experience can effectively 
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promote students’ learning of BIM technology and their PEU, and thus realize a vir-

tuous circle of “PEU → AT → BI → CR” path. In addition, they will provide profes-

sional guidance to contestants and improve students’ performance in the competition 

through the “FC → CR” path. 

6.2. Deficiencies and Further Research 

Although the number of questionnaires is enough to complete the study, the ques-

tionnaire recovery rate is not ideal, which needs to be improved in future research. More-

over, the questionnaire was completed at one time. Participants completed the question-

naire according to their feelings during the whole process of the competition, and the pro-

cess of attitude change during the competition was not taken into account. 

In the following research, participants will be longitudinally tracked in different 

stages of the competition so that their competition situation and attitude change will be 

understood according to the tasks and progress of each stage. At the same time, the career 

development of participants who have participated in the competition would be followed 

up to understand their attitude changes after entering the workplace to provide a theoret-

ical basis for improving the effect of BIM education and also help to complete the connec-

tion between school education and vocational positions.  
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