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A Measurement Model of Trust in Construction Projects 1 

Abstract 2 

Purpose: Lack of trust in construction projects will lead to poor project performance or project 3 

failure, indicating the importance of trust-building. Existing studies have developed various trust 4 

models, while most studies covered limited trust factors, failed to clarify their meanings and 5 

relationships, or lacked qualitative or quantitative evidence. Thus, this study aims to develop a 6 

measurement model of trust in construction projects with theoretical justification as well as 7 

qualitative and quantitative data. 8 

Design: A literature review was conducted to identify conceptual types, factors, and indicators of 9 

trust. Individual interviews and focus groups were performed to test the proposed framework 10 

with qualitative data. A survey and Confirmatory Factor Analysis (CFA) method were utilized to 11 

build the measurement model of trust using quantitative data in BIM-assisted projects. 12 

Findings: The proposed trust framework covered the four conceptual types, four factors 13 

(integrity, competency, benevolence, and commitment), and 13 indicators, supported by the 14 

results of interviews and focus groups. The measurement model of trust from CFA results 15 

supported the significant, positive, and one-to-one relationships between 13 indicators and four 16 

factors of trust in BIM-assisted projects. 17 

Originality: Theoretically, the study provides new insights into the multi-dimensional nature of 18 

trust. In practice, the findings could facilitate trustors and trustees to better understand, build, 19 

measure, and enhance trust in construction projects. 20 

Key Words: Trust; Construction projects; Confirmatory Factor Analysis (CFA); Building 21 

Information Modeling (BIM). 22 
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Introduction 23 

Trust is a critical facilitator of positive relationships between owners and contractors in 24 

construction projects (Cheung et al., 2011; Zuppa, 2016). It has been identified as one enabler to 25 

facilitate collaboration and enhance productivity in construction projects (Deep et al., 2021). 26 

Projects with a high level of trust can have lower costs, shorter time, and better project 27 

performance (Laan et al., 2011; Wong et al., 2005), while the lack of trust will cause low work 28 

efficiency and even project failure (Cerić et al., 2021; Wu et al., 2020). When setting up a 29 

contract, owners may prefer to specify as many details as possible and create bounds to constrain 30 

the contractors’ behaviors (Ning et al., 2019). Correspondingly, contractors may try to get more 31 

compensation to increase their own benefits (Laan et al., 2011). During the construction phase, 32 

owners could conduct rigid and detailed control due to the suspicions of contractors’ work 33 

(Karlsen et al., 2008), while contractors may not have the incentives to increase work efficiency 34 

and quality (Rose and Manley, 2011). Considering the payment, retainage is an important part 35 

that owners would use to control contractors’ behaviors (Larson, 1997). Contractors may 36 

frontload their billings to earn profits earlier (Jones, 2009). In addition, there are frequent 37 

conflicts and disputes about the project schedule, cost, quality, etc. (Hasanzadeh et al., 2016). 38 

The lack of trust between contractors and owners forms an adversarial relationship (Chan, 2003), 39 

which is harmful to construction projects. Therefore, building trust is important in construction 40 

projects. 41 

There is a lack of a commonly accepted definition of trust. Trust was defined as a 42 

psychological state showing people’s intention to accept vulnerability considering the positive 43 

expectations of others (Jin, 2005; Laan et al., 2011), while others argued that trust is also a 44 

behavioral term (Lewicki and Bunker, 1996; McKnight and Chervany, 2001). Also, some 45 
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researchers showed that trust is a sociological and cultural phenomenon containing both 46 

expectations and rational behaviors (Girmscheid and Brockmann, 2010; Koehn, 1996), while 47 

others indicated that trust is not only a simple expectation but also confidence when facing 48 

uncertain and risky environments (Bhattacharya, 1998; Lewicki and Bunker, 1996). The 49 

divergence of trust definitions may cause problems when connecting theoretical concepts to 50 

empirical findings (Watson, 2005).  51 

In construction projects, the lack of a clear definition and framework of trust impacts 52 

trust-building (He et al., 2022). It is necessary to expand contextual boundaries to provide a 53 

comprehensive definition of trust as well as a trust framework, which can support efficient 54 

project management (Lu et al., 2023; Wong et al., 2005). BIM-assisted projects have become a 55 

major part of construction projects. In North America, the BIM adoption rate is 74% for 56 

contractors (Salleh et al., 2023). BIM enables participants to communicate with each other and 57 

manage projects more efficiently (Chen, 2013), while it requires a higher level of trust than 58 

traditional projects (Lee et al., 2018). Good trust-based relationships facilitate the efficient 59 

integration and transmission of information using BIM (Ji and Orgun, 2006) and support 60 

successful project delivery (Lee and Chong, 2021; Mathews et al., 2017). Thus, it is critical to 61 

build and measure trust in BIM-assisted projects (He et al., 2022). Existing work has analyzed 62 

different conceptual types to define trust as affection, cognition, intention, or behavior, and has 63 

explained trust using models with different factors, such as integrity, competence, benevolence, 64 

and commitment (Cummings and Bromiley, 1996; Lewis and Weigert, 1985; McKnight and 65 

Chervany, 2001; Wong and Cheung, 2005). However, limited studies covered all conceptual 66 

types and factors and identified their relationships to understand and measure trust multi-67 

dimensionally, especially with both qualitative and quantitative data. For BIM projects, existing 68 
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trust-based models (Farouk et al., 2023; Lee et al., 2018; Olugboyega and Windapo, 2019) also 69 

covered limited conceptual types and factors, failed to explain their relationships, or lacked 70 

qualitative or quantitative data. 71 

To address the gaps, this paper aims to develop a measurement model of trust in 72 

construction projects based on literature review, qualitative data (interviews and focus groups), 73 

and quantitative data (surveys). First, different conceptual types, factors, indicators, and their 74 

relationships were reviewed to form a trust framework. Then, individual interviews and focus 75 

groups were conducted to test the proposed framework. Next, Confirmatory Factor Analysis 76 

(CFA) and survey data were utilized to build a measurement model of trust in BIM-assisted 77 

projects. The findings not only provide valuable insights into the multi-dimensional nature of 78 

trust relying on theoretical justifications as well as qualitative and quantitative evidence, but also 79 

guide practitioners to build and measure trust in construction projects. 80 

Development of Trust Framework 81 

Existing studies have explored trust frameworks. However, some covered limited 82 

conceptual types of trust; some failed to clarify the relationships between different conceptual 83 

types; some considered limited factors and indicators; some covered all four factors but lacked 84 

sufficient qualitative or quantitative evidence. Therefore, this literature review aims to propose a 85 

trust framework covering all conceptual types of trust, factors, indicators, and their relationships 86 

based on literature, which will be tested by qualitative and quantitative data. 87 

Conceptual Types of Trust 88 

Based on the human information processing theory, perception, cognition, and action are 89 

the three major stages in which people get information, analyze information, make decisions, and 90 

respond to the environment (Feng et al., 2023; Proctor and Zandt, 2018). The trust-building 91 
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follows this theory to form four conceptual types of trust with a progressive relationship. The 92 

first type is affective trust, which refers to the emotional bond and attachment (Lewis and 93 

Weigert, 1985; Zhang et al., 2024) and indicates how the trustor feels about the trustee 94 

(Cummings and Bromiley, 1996). It is from feeling and sense rather than reasoning and 95 

understanding (Wu et al., 2017), which relates to the perception stage that the trustor knows the 96 

trustee without any further consideration. It is also defined as emotional trust (Lewis and 97 

Weigert, 1985), affective state (Cummings and Bromiley, 1996), and dispositional trust 98 

(McKnight and Chervany, 2001). Second, cognitive trust indicates trust based on knowledge and 99 

how the trustor rationally thinks about the trustee (Cummings and Bromiley, 1996; McAllister, 100 

1995; Zhang et al., 2024). It is grounded in the trustor’s rational perception and assessment of 101 

the trustee (Lewis and Weigert, 1985; Wu et al., 2017). This type relates to the cognition stage in 102 

which the trustor analyzes the information of the trustee. It is also called knowledge-based trust 103 

(Lewicki and Bunker, 1996) and cognition-based trust (Wong et al., 2008). Third, intentional 104 

trust focuses on the trusting intentions that are determined by personal willingness (Cummings 105 

and Bromiley, 1996; McKnight and Chervany, 2001). This type of trust also links to the 106 

cognition stage about making trust decisions. It is also entitled to intended behavior (Cummings 107 

and Bromiley, 1996; Wang et al., 2015) and trusting intentions (McKnight and Chervany, 2001). 108 

The last type is behavioral trust, which explains the trustor’s trusting behavior (He et al., 2022; 109 

Lewis and Weigert, 1985), relating to the action stage of undertaking the risk and performing 110 

trust action. It is also called behavioral trust (Lewis and Weigert, 1985) and trust-related 111 

behavior (McKnight and Chervany, 2001).  112 

Even though there are discussions on different conceptual types of trust (as shown in 113 

Table 1), few studies addressed all four types of trust. McAllister (1995) and Wong et al. (2008) 114 
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only identified affective trust and cognitive trust. Lewis and Weigert (1985) identified cognitive, 115 

emotional, and behavioral trust, while intentional trust is missing. Cummings and Bromiley 116 

(1996) explored the affection, cognition, and intended behavior of organizational trust, without 117 

considering the behavioral dimension. Even though one study explored all four conceptual types 118 

(McKnight and Chervany, 2001), affective trust and cognitive trust were combined when 119 

discussing their relationships. In addition, Schilke et al. (2021) indicated that existing studies 120 

focused on affective trust, cognitive trust, and behaviors, while more research is needed to 121 

generalize various categorical trusts and explore the interrelationships between them considering 122 

both trustor’s trust and trustee’s trustworthiness. Therefore, there is a lack of studies discussing 123 

all four types of trust and their relationships, especially in the construction industry. 124 

Table 1. Conceptual types of trust in previous studies 125 
Reference Affective trust Cognitive trust Intentional trust Behavioral trust 

Lewis and 
Weigert 
(1985) 

Emotional trust:  
emotional bond 
among 
participants in the 
relationship  

Cognitive trust: The 
trustor trusts people 
cognitively. The 
choice is based on 
“good reason” from 
information and 
judgment.  

 

Behavioral trust: The 
trustor undertakes the 
risk and takes action 
because of the 
expectation that all 
persons will act 
competently and 
dutifully. 

Cummings 
and 
Bromiley 
(1996) 

Affective state: 
How does the 
trustor feel about 
the trustee? 

Cognition: How does 
the trustor think 
about the trustee? 

Intended behavior: 
What is the 
trustor’s behavioral 
intent towards the 
trustee? 

 

McAllister 
(1995) 

Affect-based trust: 
Emotional 
relations between 
individuals are the 
basis for trust.  

Cognition-based 
trust: Available 
knowledge is one 
rational foundation 
for trust. 

  

McKnight 
and 
Chervany 
(2001) 

Dispositional: the 
disposition to trust 

Perceptual: trusting 
beliefs; Structural: 
institution-based trust 

Intentional: trusting 
intentions 

Behavioral: trust-
related behavior 
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Wong et 
al. (2008) 

Affect-based trust: 
emotional and 
sentimental bond 

Cognition-based 
trust: cognitive 
bearings based on 
knowledge; System-
based trust: focus on 
the procedure 
without considering 
personal issues 

  

Factors and Indicators of Trust 126 

According to the four conceptual types, factors of trust have been discussed in existing 127 

work, as shown in Table 2. Based on the literature review, four factors and corresponding 128 

indicators were identified, as summarized in Table 3. 129 

Table 2. Factors of trust in existing studies 130 
References Integrity Competence Benevolence Commitment 
Cummings 
and 
Bromiley 
(1996) 

Negotiates 
honestly: The 
trustee is honest in 
interaction before 
commitments. 

 Avoids taking 
excessive advantage: 
The trustee does not 
take opportunistic 
advantage of another. 

Keeps commitments: 
The trustee “makes 
good-faith efforts” to 
keep commitments. 

Mayer et 
al. (1995)  

Integrity: the 
perception of the 
trustor that the 
trustee adheres to a 
set of acceptable 
principles 

Ability: the trustor’s 
confidence in the 
competence of the 
trustee in certain 
domains 

Benevolence: the 
trustor’s perception 
that “a trustee wants to 
do good to the trustor” 

 

Lewicki 
and Bunker 
(1996)  

Calculus-based 
trust: Parties are 
trusted to do what 
they say. 

 Identification-based 
trust: Parties are 
mutually trusted to act 
on behalf of each 
other and protect the 
other party’s interests. 

Knowledge-based 
trust: Parties know 
each other well 
enough that their 
behavior is 
predictable. 

Akbar et 
al. (1998)  

Reliability: The 
trustee “can be 
relied on to fulfill 
obligations”. 

                                            Fairness: The trustee 
acts fairly when the 
opportunity is 
available. 

Predictability: The 
trustee behaves “in a 
predictable manner”. 

McKnight 
and 
Chervany 
(2001) 

Integrity: The 
trustee “makes 
good-faith 
agreements, tells 
the truth, and 
fulfills promises”. 

Competence: The 
trustee “has the ability 
or power to act as 
what one needs to be 
done”. 

Benevolence: The 
trustee “acts in one’s 
interest rather than 
acting 
opportunistically”. 

Predictability: The 
trustee’s “actions that 
are consistent to be 
forecasted in one 
given situation”.  
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Hartman 
(2003)  

Intuitive trust: the 
trustor’s 
“emotional 
response and ‘rapid 
processing’ 
response” 

Competence trust: the 
trustor’s confidence in 
the trustee in 
performing a specific 
task 

Integrity trust: the 
trustor’s perception of 
the trustee’s 
willingness to protect 
the interest of the 
trustor 

 

Cox (2009)  “Integrity”: The 
trustee is “honest 
and ethical”. 
 

Ability/Capacity: The 
trustee has his abilities 
and capacities proved.  
Past experiences: The 
trustee has “past 
successes on similar 
projects” or the trustor 
has good experience 
with collaborative 
partners. 

Intention: The trustee 
has “good intentions”. 
Openness: The trustee 
is “willing to share 
information and 
openly communicate”.  

Risk: “The greater 
the overall project 
risk shared among 
the collaborators, the 
greater the reliance 
for our team 
members to perform 
their roles to 
eliminate the risk, 
and therefore our 
need for trust grows 
in order to reach the 
desired goals”. 

Table 3. Four factors and thirteen indicators of trust 131 
Factors Indicators Definitions References 

Integrity  Honesty The trustee makes good-faith 
agreements and tells the truth. 

(McKnight and Chervany, 
2001); (Rheu et al., 2021); 
(Lansing et al., 2023) 

 Reliability The trustee fulfills promises. (McAllister, 1995); (Pinto et al., 
2009); (Lansing et al., 2023) 

 Ethics The trustee serves the trustor in an 
ethical manner. 

(Pinto et al., 2009); (McKnight 
and Chervany, 2001) 

Competency Credential The trustee has the evidence to 
show the past performance. 

(Alzahrani et al., 2017); 
(Messina et al., 2014) 

 Track record How the trustee has carried out 
role-related duties in past projects. 

(Pinto et al., 2009); (McAllister, 
1995) 

 Ability 
The trustee has the power to 
handle the task and deliver the 
desired outcomes. 

(McKnight and Chervany, 
2001); (Pinto et al., 2009); 
(Farouk et al., 2023); (Lansing 
et al., 2023) 

Benevolence Good motives The trustee wants to do good to 
the trustor. 

(Pinto et al., 2009); (McKnight 
and Chervany, 2001) 

 Fairness The trustee acts fairly when the 
opportunity is available. 

(McAllister, 1995); (Hannah, 
1991); (Yan and Zhang, 2020) 

 Caring The trustee cares about the 
trustor’s interests. 

(McAllister, 1995); (McKnight 
and Chervany, 2001) 

 Openness 
The trustee is willing to share 
information and communicate 
openly. 

(Cox et al., 2005); (Lansing et 
al., 2023) 
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Commitment Dedication The trustee makes good-faith 
efforts. 

(Pinto et al., 2009); (Yan and 
Zhang, 2020) 

 Predictability 
The trustee’s actions are consistent 
to be forecasted in the given 
situation. 

(Hannah, 1991); (McKnight and 
Chervany, 2001) 

 Taking 
responsibility  

The trustee fulfills the 
responsibilities specified in the job 
description. 

(McAllister, 1995) 

The first factor is integrity, which relates to affective trust. It answers the question, “Does 132 

the relationship feel right?” (Hartman, 2003). The factor indicates the basic norms and principles 133 

of the trustee (Sagar et al., 2023), which impacts the trustor’s impression and emotional response 134 

towards the trustee without any evidence (Ruan et al., 2017). Three indicators were identified to 135 

express integrity. Honesty indicates the sincere acts of telling the truth to the trustor (McKnight 136 

and Chervany, 2001), especially about their mistakes, inaccuracies, and vulnerability (Lansing et 137 

al., 2023; Rheu et al., 2021). Reliability refers to the expectation that the trustee will keep their 138 

promises (Pinto et al., 2009; Vanhala et al., 2016). Ethics is predominant in integrity (Cox, 139 

2009), representing that the trustee should take an ethical manner during the cooperation 140 

(McKnight and Chervany, 2001). To sum up, integrity is the belief that the participants in the 141 

cooperation will behave honestly and reliably and adhere to ethics, principles, and standards 142 

(Lean et al., 2009). 143 

The second factor is competency, which relates to cognitive trust. It answers the question, 144 

“Can you do the job?” (Hartman, 2003). It means that the trustor is satisfied with the work of the 145 

trustee or added value created by the trustee in projects (Jiang et al., 2016). It mainly relies on 146 

the reported information in other relationships or previous work (Johnson and Grayson, 2005). 147 

There are three indicators. Credential is the evidence supporting the reputation and performance 148 

of the trustee to enhance trust (Alzahrani et al., 2017; Messina et al., 2014). Track record shows 149 

the experience of the trustee in previous projects to judge competence (Hussain, 2018; Zhu and 150 
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Akhtar, 2014). Ability indicates the capability of the trustee to complete the tasks and to make 151 

contributions to the project’s success (Oliveira et al., 2017; Vanhala et al., 2016), such as work 152 

with BIM (Farouk et al., 2023), effective communication (Sagar et al., 2023), and other relevant 153 

expertise (Lansing et al., 2023). 154 

The third factor is benevolence, which answers the question, “Will you look after my 155 

interests?” (Hartman, 2003). It relates to the intentional trust about whether the trustee will 156 

behave during the cooperation (Xie and Peng, 2009). It implies that the trustee has a positive 157 

intention toward the trustor during construction projects (Akbar et al., 1998; Mayer et al., 1995). 158 

Four indicators were identified. Good motives indicate the trustee’s willingness to do good to the 159 

partner instead of hurting the trustor’s benefits to earn their own profits (McKnight and 160 

Chervany, 2001; Pinto et al., 2009; Sagar et al., 2023). Fairness represents that the trustee will 161 

act fairly without succumbing to egocentric or opportunistic behavior (Oliveira et al., 2017; 162 

Vanhala et al., 2016). For example, the trustee is fair when negotiating the project contract (Yan 163 

and Zhang, 2020). Caring indicates the trustee will protect the trustor’s interests and consider 164 

others’ needs during the cooperation (McKnight and Chervany, 2001). Openness means that the 165 

trustee is willing to communicate and share information with the trustor openly (Cox, 2009; 166 

Lansing et al., 2023).  167 

The last factor is commitment, which answers the question, “Will you do your job as 168 

committed?” (Hartman, 2003). It is the factor relating to behavioral trust, which focuses on the 169 

trustee’s commitment to achieving what they promise in construction projects (Pratt and Dirks, 170 

2007). There are three indicators. Dedication indicates that the trustee makes good-faith efforts 171 

on the project (Cummings and Bromiley, 1996), representing the credibility of the trustee to 172 

contribute to the cooperation (Chang and Chou, 2011) and keep professional (Yan and Zhang, 173 
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2020). Predictability represents the predictable behaviors of the trustee during the cooperation 174 

(McKnight and Chervany, 2001), evaluating whether the trustee’s actions are consistent enough 175 

according to previous records. Taking responsibility means the trustee feels responsible for the 176 

needs of others and is willing to respond to the needs in cooperation (McAllister, 1995). 177 

Existing studies mainly accounted for limited factors of trust (Table 2). For example, 178 

Cummings and Bromiley (1996), Lewicki and Bunker (1996), and Akbar (1998) focused on 179 

integrity, benevolence, and commitment, while competency is missing. Mayer et al. (1995) 180 

addressed integrity, competence, and benevolence, but the commitment factor was not 181 

considered. Even though two studies explored all four factors (Cox, 2009; McKnight and 182 

Chervany, 2001), they lacked qualitative and quantitative data to test the framework.  183 

Trust Framework and Hypotheses 184 

Fig. 1 shows the trust framework combining four conceptual types, four factors, and 13 185 

indicators discussed above. The development of the trustor’s dispositions and behaviors toward 186 

the trustee can be explained as four stages: affection, cognition, intention, and behavior. The four 187 

conceptual types of trust can be categorized as affective trust, cognitive trust, intentional trust, 188 

and behavioral trust, which have a progressive relationship. The trustee’s characteristic factors 189 

and indicators are the key elements influencing the trust-building process. Overall, the trustor 190 

will determine their dispositions and behavior based on the trustee’s characteristics across four 191 

stages, which connects the conceptual types with factors and indicators. Therefore, trust can be 192 

defined as the willingness of a party/person to be affectively, cognitively, intentionally, and 193 

behaviorally vulnerable to another party/person grounded on integrity, competence, benevolence, 194 

and commitment of that party. 195 
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Affective Trust Cognitive Trust Intentional Trust Behavioral Trust

Affection Cognition Intention Behavior

Integrity Competency Benevolence Commitment
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types of trust
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factors and 
indicators

Trustor’s 
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processing
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Predictabil
ity

Taking 
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 196 
Fig. 1. Trust framework with four conceptual types and four factors  197 

According to the proposed trust framework, a hypothesized measurement model was 198 

proposed (Fig. 2), covering four hypotheses. Hypothesis 1 (H1): All indicators of trust can be 199 

explained by the four factors. Hypothesis 2 (H2): Each indicator can be related to only one 200 

factor. The two hypotheses support the relationships between the four factors and 13 indicators. 201 

Hypothesis 3 (H3): Error terms associated with each indicator were uncorrelated. This 202 

hypothesis indicates that the indicators are not correlated with each other. Hypothesis 4 (H4): 203 

The four factors have inter-correlations with each other. The hypothesis supports the correlations 204 

between the four factors based on the four conceptual types of trust. 205 
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 206 
Fig. 2. The hypothesized measurement model of trust 207 

Note: ∅𝑖𝑖𝑖𝑖 is the path coefficient between each two of the four factors. 𝜆𝜆𝑥𝑥 indicates the regression 208 
coefficient between indicator 𝑥𝑥 and its related factor. 209 

Methodology 210 

Research Framework 211 

A mixed method was applied in this study, utilizing the strengths of both qualitative and 212 

quantitative methods (Creswell, 2017; Doyle et al., 2009; Johnson and Onwuegbuzie, 2004). In 213 

particular, a sequential exploratory strategy was used, which involves qualitative data collection 214 

and analysis as the first phase to explore a phenomenon and quantitative data collection and 215 

analysis as the second phase to validate and interpret the findings within a chosen sample 216 
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(Creswell, 2017; Ivankova et al., 2006). It is especially advantageous for building new 217 

frameworks and finding new instruments (Creswell, 2017). Mixed methods have been widely 218 

used in studies on framework development. For example, the frameworks of success factors of 219 

integrated project delivery on industrial construction projects (Wood et al., 2024), key factors 220 

associated with workplace bullying and mental health of construction industry apprentices (Ross 221 

et al., 2021), and critical factors in the development of assembled buildings in steel structure 222 

projects (Yu et al., 2023) were developed using the sequential exploratory mixed methods. 223 

Fig. 3 shows the research framework of this study. First, the trust framework was 224 

proposed based on a literature review, which is an effective way to start the trust framework 225 

(Costigan et al., 1998; McKnight and Chervany, 2001). The proposed trust framework covered 226 

four conceptual types of trust, four factors, and 13 indicators as well as their relationships. 227 

Second, qualitative data was collected from nine interviews and two focus groups covering 228 

practitioners (i.e., participants working in the industry) and academicians (i.e., participants 229 

working in the academia) to explore the trust framework (the first phase of the sequential 230 

exploratory strategy). Seven-point Likert scales were used to rank the importance of trust and 231 

each factor; four open-ended questions were set to explore participants’ opinions of trust in 232 

construction projects (Table 4). Third, based on the proposed framework and qualitative results, 233 

quantitative data was collected to validate the trust framework by developing a measurement 234 

model of trust in BIM-assisted projects (the second phase of the exploratory strategy). A web-235 

based survey was applied to rate the factors and indicators in measuring trust in BIM-assisted 236 

projects using a seven-point Likert scale. Responses from 97 BIM academicians were analyzed 237 

using CFA. CFA aims to test how the measured indicators represent the factors in a theoretical 238 

model (Hair et al., 2010), which has been commonly used in analyzing trust (Chow et al., 2012; 239 
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Wong and Cheung, 2005; Wong et al., 2008). Integrating qualitative and quantitative methods, 240 

the mixed research design could help better understand and measure trust.  241 

Step 2: Qualitative 
data collection and 

analysis 
(Exploration)

Step 1: Identification 
of conceptual types, 

factors, and 
indicators

Literature review

Development of trust 
framework

Four conceptual types, four 
factors, and 13 indicators

Trust framework and hypotheses 
of measurement model

Data collection and 
analysis

Development of 
questionnaire

Seven-point Likert scale and 
open-ended questions

Nine individual interviews and 
two focus groups

Step 3: Quantitative 
data collection and 

analysis
(Validation)

Data collection

Design of web-based 
survey

Confirmatory Factor 
Analysis

Seven-point Likert scale

97 BIM academicians

Measurement model of trust in 
construction projects

 242 

Fig. 3. Research framework 243 
Table 4. List of questions for interviews and focus groups 244 

No. Questions 
Q1 Do you think there is any trust in the construction business?  
Q2 What is your definition of trust in the construction business?  
Q3 Along a seven-point Likert scale, please rate the importance of trust for the success of a business.   
Q4 From an owner’s perspective, how do you determine whether a contractor is trustworthy or not? 

Q5 

Four factors were identified to measure trust based on a literature review, please rate the importance 
of each factor in measuring owners’ trust of contractors along a seven-point Likert scale. 
• Integrity: the trustee adheres to a set of acceptable principles.  
• Competency: the ability of the trustee in certain domains. 
• Benevolence: the trustee wants to do good to the trustor.  
• Commitment: the trustee makes efforts to keep commitments.   

Q6 Besides the above four factors, are there any other factors that should be considered?  

Interviews and Focus Groups 245 

Nine interviews were conducted with four practitioners and five academicians (Table 5). 246 

Four practitioners included subcontractors, construction managers, and consultants, with an 247 
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average 15-year working experience. Five academicians were faculties with an average 8-year 248 

working experience in civil and construction-related departments. Moreover, two focus groups 249 

were organized in Georgia. Five general contractors were included in the first focus group, with 250 

an average 8-year working experience and working on 30 to 60 projects per year. Two virtual 251 

design and construction managers participated in the second focus group, with an average 9-year 252 

working experience and more than 170 construction projects on average. 253 

Table 5. Demographic information of participants in interviews and focus groups 254 
 Participants Working years State Business Type/Position 

Interviews 

1 15 Georgia Sub-contractor 
2 3 Georgia Construction manager 
3 25 Georgia Construction manager 
4 19 Georgia Consultant 
5 9 Colorado Associate professor 
6 5 South Carolina Assistant professor 
7 N/A Pennsylvania Assistant professor 
8 12 Georgia Associate professor 
9 7 California Assistant professor 

Focus group 1 (5 participants) 8 (average) Georgia General contractor 

Focus group 2 (2 participants) 9 (average) Georgia Virtual design and 
construction manager 

Confirmation Factor Analysis 255 

BIM academicians were selected as the target population due to their comprehensive 256 

experiences in BIM-assisted projects and understanding of trust-related theories. A total of 137 257 

responses were collected. If the participant did not have any BIM experience (i.e., working with 258 

BIM in academia or industry), the response was discarded. 40 responses were removed due to 259 

the incomplete information and disqualification of BIM experience. Finally, 97 responses were 260 

used for further analysis. All respondents had working experience with BIM (average years = 261 

4.38), supporting their sufficient understanding of trust in BIM-assisted projects. 262 

Regarding demographic information (Table 6), 97 participants covered assistant professor 263 

(21%), professor (20%), associate professor (16%), lecturer/instructor/senior lecturer (11%), 264 
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graduate students (9%), head/dean/director/etc. (6%), researcher (6%), and others (10%). Then, 265 

respondents came from various countries, including the USA (58%), UK (5%), China (4%), 266 

Australia (4%), India (3%), and others (26%, e.g., Turkey, New Zealand, Germany, etc.). Most 267 

participants had doctoral degrees (71%), followed by master’s degrees (22%) and bachelor’s 268 

degrees (7%). Moreover, participants showed an average of 13.28 years of academic experience. 269 

More importantly, most participants also had industrial experiences (85 out of 97). The average 270 

industrial experience was 9.28 years. Even though they were academicians, their industrial 271 

experiences could support them to provide responses considering the industry perspective. In 272 

addition, participants evaluated their confidence in construction management expertise as 5.39 273 

out of 7 on average, and 5.02 out of 7 for BIM, supporting their confidence in evaluating trust in 274 

BIM-assisted projects.  275 

Table 6. Demographic information of BIM academicians 276 

Position/Title Number of 
participants Country Number of 

participants Highest Degree Number of 
participants 

Assistant professor 20 USA 56 Bachelor's degree 7 
Associate professor 16 UK 5 Master's degree 21 
Graduate student 9 Australia 4 Doctoral degree 69 
Head/Dean/Director/etc. 6 China 4     
Lecturer/Instructor/Senior lecturer 11 India 3     
Professor 19 Others 25     
Researcher 6         
Others 10         
Average 13.28 9.28 5.39 5.02 4.38 
Standard deviation 9.00 11.13 1.33 1.55 1.97 

The 97 responses were screened for potential problems, including missing value, 277 

normality assumptions, and multi-collinearity, to prepare for data analysis (Chen et al., 2014, 278 

2016). 117 missing values from 9 participants were replaced by the mean values of 279 

corresponding indicators (Newman, 2014). The normality distribution assumption for each 280 

indicator was confirmed; no extreme collinearity was found, as shown in Table 7. The sample 281 
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size is sufficient for CFA (i.e., 5 times model parameters (Myers et al., 2011)). Thus, the data 282 

was analyzed using CFA (SPSS AMOS software) to develop the measurement model.  283 

Table 7. Normality and multi-collinearity tests 284 
Tests Indicators Values from the responses  

Normality 
distribution 

Skewness index (SI) -1.596 to 0.223 (recommended value: absolute 
value of 3 (Kline, 2015) 

Kurtosis index (KI) -0.147 to 3.649 (recommended value: absolute 
value less than 10 (Kline, 2015) 

Multi-
collinearity 

Bivariate correlation (r) No less than 0.85 (Berry et al., 1985) 
Squared multiple correlations (𝑅𝑅2𝑆𝑆𝑆𝑆𝑆𝑆) No less than 0.9 (Hair et al., 2010; Kline, 2015) 
Variance inflation factor (VIF) No less than 10 (Hair et al., 2010; Kline, 2015) 

Results 285 

Qualitative Results from Interviews and Focus Groups 286 

All participants agreed “there is trust in the construction business”. However, participants 287 

had different definitions of trust, such as “do what they say they will do”, “believe in their 288 

commitment”, “do what is right for the project and not be selfish”, and “do their due diligence 289 

and watch out for others”. Those definitions mainly covered intentional trust and behavioral 290 

trust, while affective trust and cognitive trust were missing. Moreover, all participants agreed 291 

that trust is extremely important for construction project success (mean score of 6.81 out of 7). 292 

Regarding whether a contractor is trustworthy or not, participants mentioned “good selection 293 

criteria”, “prequalification with enough research”, “track history and reference”, “direct 294 

interaction”, “good reputation”, “transparency of contract” and “their ability to keep their word”. 295 

These answers aligned with the competency and commitment factors, while integrity and 296 

benevolence factors were not included. Then, all four factors showed great importance in 297 

measuring trust (Table 8). Commitment (6.45 out of 7) was perceived as the most important 298 

factor, followed by integrity (6.27 out of 7), benevolence (6.00 out of 7), and competency (5.82 299 

out of 7). For other factors that may influence trust in construction projects, most participants 300 
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could not think of others because the proposed factors are comprehensive. Only two participants 301 

provided other three factors: consistency, transparency, and longevity. Consistency should 302 

belong to the commitment factor, which measures whether the trustee can perform actions 303 

consistent with their commitments. Transparency can be incorporated into the benevolence and 304 

commitment factors, indicating the transparent process of conducting work to make sure the 305 

trustee is benevolent and finishes the tasks as promised. Longevity can be explained by the 306 

whole four-factor framework to form a virtuous circle of trust-building to maintain long-term 307 

trust. Therefore, the trust framework covering four types and four factors could explain and 308 

measure trust comprehensively.   309 

Table 8. Importance level of four trust factors using seven-point Likert scale 310 

Factors Individual interviews Focus groups Mean values 
1 2 3 4 5 6 7 8 9 1 2  

Integrity 5 7 6 7 5 6 7 6 6 7 7 6.27 
Competency 6 5 7 5 6 5 6 4 6 7 7 5.82 
Benevolence 5 7 6 6 7 6 5 5 5 7 7 6.00 
Commitment 6 7 6 6 6 7 7 7 5 7 7 6.45 

Measurement Model of Trust 311 

To evaluate the acceptability of the CFA results, the goodness-of-fit (GOF) was analyzed 312 

by five measures (as shown in Table 9). All indices fell into the recommended ranges, indicating 313 

that the measurement model fitted the data well.  314 

Table 9. GOF measures of the trust measurement model 315 
GOF Indices Recommended value Measurement model  
Normed chi-square 𝜒𝜒2 ≤ 3.00 (Chen et al., 2014, 2016) 1.968 
RMSEA ≤ 0.10 (Browne and Cudeck, 1993) 0.100 
CFI > 0.80 (Brown, 2014; Hair et al., 2010) 0.950 
TLI  > 0.80 (Brown, 2014; Hair et al., 2010) 0.933 
PNFI ≥ 0.50 (Hair et al., 2010) 0.684 

The standardized output and AMOS output of the measurement model are shown in Fig. 316 

4 and Table 10. 𝜆𝜆𝑥𝑥 indicates the coefficient between indicator 𝑥𝑥 and its related factor. ∅𝑖𝑖𝑖𝑖 is the 317 

coefficient between each two factors. Larger coefficients represent stronger evidence to support 318 
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the correlations (Brown, 2014). The measurement model did not reveal any redundant factors, 319 

indicators, or contradictory relationships, which can measure trust by 13 indicators and four 320 

factors in BIM-assisted projects. 321 

Table 10. AMOS output of the trust measurement model 322 

Path Sym
bol 

Estim
ate 

Standard 
estimation 

Standard 
error 

Critical 
ratio 

P 
Label 

Regression Weights       
Path from integrity to honesty 𝜆𝜆1 1.000 0.929 - - - 
Path from integrity to reliability 𝜆𝜆2 0.911 0.926 0.058 15.802 *** 
Path from integrity to ethics 𝜆𝜆3 1.032 0.880 0.075 13.786 *** 
Path from competency to credential 𝜆𝜆4 1.000 0.796 - - - 
Path from competency to track record 𝜆𝜆5 0.740 0.737 0.097 7.638 *** 
Path from competency to ability 𝜆𝜆6 1.045 0.900 0.109 9.547 *** 
Path from benevolence to good motives 𝜆𝜆7 1.000 0.836 - - - 
Path from benevolence to fairness 𝜆𝜆8 1.133 0.899 0.099 11.442 *** 
Path from benevolence to caring 𝜆𝜆9 1.225 0.894 0.108 11.335 *** 
Path from benevolence to openness 𝜆𝜆10 1.207 0.896 0.106 11.378 *** 
Path from commitment to dedication 𝜆𝜆11 1.000 0.874 - - - 
Path from commitment to predictability 𝜆𝜆12 1.040 0.817 0.103 10.090 *** 
Path from commitment to taking 
responsibility 

𝜆𝜆13 0.984 0.844 0.092 10.663 *** 

Covariances and correlations       
Covariance between integrity and 
competency 

∅12 0.797 0.802 0.153 5.202 *** 

Covariance between integrity and 
benevolence 

∅13 0.745 0.700 0.149 5.010 *** 

Covariance between integrity and 
commitment 

∅14 0.816 0.735 0.157 5.204 *** 

Covariance between competency and 
benevolence 

∅23 0.589 0.635 0.134 4.396 *** 

Covariance between competency and 
commitment 

∅24 0.726 0.750 0.149 4.869 *** 

Covariance between benevolence and 
commitment 

∅34 0.891 0.860 0.164 5.445 *** 

Note: *** indicates p < 0.001. 323 
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 324 
Fig. 4. The standardized measurement model of trust 325 

All four hypotheses were verified through the results. H1 and H2 were verified through 326 

𝜆𝜆𝑖𝑖. As all 𝜆𝜆𝑖𝑖 estimations were higher than 0.7 (Hair et al., 2010) and significant (P < 0.001) in the 327 

expected positive direction, H1 was accepted, showing the four factors can explain all 13 328 

indicators of trust in BIM-assisted projects. Also, each indicator only loaded on one factor, 329 

supporting the acceptance of H2. For the integrity factor, honesty and reliability were the most 330 

important indicators (𝜆𝜆1 = 𝜆𝜆2 = 0.93); ethics also showed great importance (𝜆𝜆3 = 0.88). For the 331 

competency factor, ability was the most critical indicator (𝜆𝜆6 = 0.90), while credential and track 332 

record showed lower importance (𝜆𝜆4 =  0.80, 𝜆𝜆5 = 0.75). For the benevolence factor, fairness, 333 
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caring, and openness almost showed the same importance (𝜆𝜆8 = 𝜆𝜆10 = 0.90, 𝜆𝜆9 = 0.89), while 334 

good motivation had lower importance (𝜆𝜆7 = 0.84). For commitment factor, dedication, 335 

predictability, and taking responsibility had close importance (𝜆𝜆11 = 0.87, 𝜆𝜆12 = 0.82, 𝜆𝜆13 =336 

0.84). Then, H3 was accepted because the standard errors were between 0.06 and 0.17, which is 337 

acceptable (Byrne, 2013), supporting the construct validity of this measurement model. Finally, 338 

H4 was supported by ∅𝑖𝑖𝑖𝑖. The four factors had significant relations with each other because all 339 

estimations of ∅𝑖𝑖𝑖𝑖 were significant (P < 0.001) and exceeded 0.32 (Billings and Wroten, 1978). 340 

In particular, benevolence and commitment factors had the closest relationship (∅34 = 0.86); 341 

integrity and competency also showed a close correlation (∅12 = 0.80). 342 

Discussion 343 

This study proposed a measurement model of trust in construction projects, especially 344 

BIM-assisted projects, based on four conceptual types, four factors, and 13 indicators, supported 345 

by theoretical justification, qualitative evidence, and quantitative data. Some key findings were 346 

discussed below, including trust definition and trust factors in construction projects, quantitative 347 

relationships between trust factors (i.e., integrity, competency, benevolence, and commitment) in 348 

BIM-assisted projects, and potential application of the trust framework. 349 

One important finding is that when no information was provided, experts could not define 350 

and measure trust comprehensively. They only identified the two “tangible” factors (i.e., 351 

competency and commitment) measuring the trustee’s past experiences and skills as well as the 352 

behaviors, while the two "intangible” factors (i.e., integrity and benevolence) relating to affective 353 

trust and intentional trust were ignored. However, following the four-factor trust framework, 354 

they recognized the importance of integrity and benevolence factors. It emphasizes the 355 

importance of applying a trust framework in understanding and measuring trust 356 
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multidimensionally in construction projects as well as supports the comprehensiveness of the 357 

proposed framework. It is consistent with a previous study emphasizing the importance of a 358 

comprehensive trust framework to ensure project performance (Lu et al., 2023). 359 

Another key finding is that all four trust factors are important in construction projects. 360 

Existing work shows that it is difficult to develop trust among multi-disciplinary stakeholders in 361 

BIM-related projects (Cheng et al., 2023), emphasizing the importance of considering various 362 

trust factors. Commitment is the most important factor, indicating that behavioral trust is the last 363 

but most critical part of the trust-building process in construction projects. According to the 364 

dedication, predictability, and taking responsibility indicators, the trustee should show great 365 

efforts on the projects (e.g., exploring innovative methods to improve the project performance 366 

(Jalali et al., 2023)), keep consistent actions during the cooperation (e.g., sending out the billings 367 

based on actual progress), and fulfill their responsibilities listed in the contract (e.g., enhancing 368 

contract governance and knowledge sharing to support project work (Shang et al., 2023)). 369 

Integrity was ranked as the second factor, which is the beginning stage of trust-building. It 370 

emphasizes that the trustee should keep the basic norms (i.e., honesty, reliability, and ethics) to 371 

develop a strong emotional connection with the trustor. For example, when owners believe that 372 

contractors will tell the truth, keep promises, and avoid unethical actions (e.g., using unqualified 373 

materials), affective trust can be developed. Benevolence was ranked as the third factor. Good 374 

motives, fairness, caring, and openness of the trustee can support the trustor’s intentional trust. 375 

For example, contractors should always be willing to protect the owners’ benefits, not take any 376 

opportunistic behaviors that may compromise the project performance, care about the owners’ 377 

needs during the cooperation, and communicate with owners openly and promptly from the 378 

beginning (Francisco and Rabechini, 2019). Competency factor was ranked the last. The trustee 379 
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should show credential, track record, and ability of similar projects to justify that they are 380 

qualified for the work, such as previous experience, certificates, professional skills, etc.  (Charles 381 

et al., 2022). In addition, the rank emphasizes that the deficiency of competency can be marked 382 

up by strong integrity, benevolence, and commitment. In the project-driven construction 383 

industry, which has dynamic uncertainties and high complexities (Laan et al., 2011), trust relies 384 

heavily on the trustee's inherent characteristics, not just professional skills and experience (not 385 

entirely rational) (Schilke et al., 2021). 386 

In BIM-assisted projects, the relationships between trust factors were quantified. 387 

Benevolence and commitment factors had the strongest relationship. In the four-stage trust-388 

building process, forming trust intentions and behaviors are closely related. Having the trust 389 

intention is usually the former step of taking trust behavior. To enhance trust in BIM-assisted 390 

projects, the trustee should pay attention to improving the benevolence and commitment 391 

together. For example, when communicating the information with owners openly and 392 

considering owners’ benefits utilizing BIM, contractors should also show their dedication and 393 

responsibility in completing tasks. Also, integrity and competency factors showed a close 394 

relationship. After forming the affective trust based on the trustees’ basic norms, the trustor will 395 

further explore more information to build cognitive trust, such as BIM-related credentials, 396 

project experiences, and qualifications. Previous studies indicated that expertise and knowledge 397 

related to BIM are important in trust-building in BIM-based construction projects (Farouk et al., 398 

2023). The trustee needs to improve integrity and competency together, such as showing their 399 

honesty, reliability, and ethics when communicating with the trustor as well as preparing 400 

documents to support their credentials, past records, and abilities. During the process, 401 
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communication technology and systems can be applied to enhance cooperation (Charles et al., 402 

2022; Lee et al., 2022). 403 

Practitioners and academicians can apply the trust framework and measurement model to 404 

understand, build, and measure multi-dimensional trust in construction projects. Theoretically, 405 

the framework provides new insights into the multidimensional nature of trust, helping 406 

academicians analyze trust and related factors systematically and comprehensively. In practice, 407 

the trustor can apply the indicators to evaluate the trustee from the four aspects effectively, 408 

facilitating the scientific trust-building process. Meanwhile, the measurement model can assist 409 

the trustee to improve themselves to enhance trust within the cooperation, such as showing their 410 

integrity to form a great initial impression, preparing sufficient documents to show competency, 411 

improving benevolence by caring about owners’ benefits, developing open communication 412 

strategies, and keeping commitment by performing consistent actions and being responsible for 413 

the project tasks. 414 

Conclusions 415 

Trust is essential for developing positive relationships in construction projects to support 416 

project success, while the lack of trust will cause a vicious circle that harms the project 417 

performance. To better understand and build trust in construction projects, this study develops a 418 

measurement model of trust based on theoretical justification as well as qualitative and 419 

quantitative data. Through a literature review, a trust framework covering four conceptual types 420 

of trust, four factors, and 13 indicators was proposed. Results of individual interviews and focus 421 

groups supported the proposed framework and showed the rank of four factors (i.e., 422 

commitment, integrity, benevolence, and competency). Finally, a measurement model of trust 423 

was developed in BIM-assisted projects using survey data. The 13 indicators had positive, single, 424 
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and significant relations with the four factors to measure trust comprehensively. All four factors 425 

had significant inter-correlations with each other to form the multi-dimensional trust. 426 

Specifically, integrity and competency had a close relationship, while benevolence and 427 

commitment showed a close correlation. The trust framework and measurement model provide a 428 

comprehensive understanding of multi-dimensional trust in construction projects. Practically, the 429 

findings can help practitioners to better understand, build, and measure trust in construction 430 

projects. However, there are three major limitations. First, the practitioners all came from 431 

Georgia, indicating the potential limitation due to the lack of diversity in areas. Future work 432 

should cover different areas, companies, and positions to further test the trust framework. 433 

Second, even though most of the BIM academicians had industrial experiences, no practitioners 434 

were included in the survey to develop the measurement model. Future studies should include 435 

practitioners to test the model. Third, the measurement model was only tested in BIM-assisted 436 

projects, even though BIM was applied in a major part of construction projects. Future work 437 

should investigate other construction projects to expand the application of the model. 438 
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	A Measurement Model of Trust in Construction Projects
	Abstract
	Purpose: Lack of trust in construction projects will lead to poor project performance or project failure, indicating the importance of trust-building. Existing studies have developed various trust models, while most studies covered limited trust factors, failed to clarify their meanings and relationships, or lacked qualitative or quantitative evidence. Thus, this study aims to develop a measurement model of trust in construction projects with theoretical justification as well as qualitative and quantitative data.
	Design: A literature review was conducted to identify conceptual types, factors, and indicators of trust. Individual interviews and focus groups were performed to test the proposed framework with qualitative data. A survey and Confirmatory Factor Analysis (CFA) method were utilized to build the measurement model of trust using quantitative data in BIM-assisted projects.
	Findings: The proposed trust framework covered the four conceptual types, four factors (integrity, competency, benevolence, and commitment), and 13 indicators, supported by the results of interviews and focus groups. The measurement model of trust from CFA results supported the significant, positive, and one-to-one relationships between 13 indicators and four factors of trust in BIM-assisted projects. 
	Originality: Theoretically, the study provides new insights into the multi-dimensional nature of trust. In practice, the findings could facilitate trustors and trustees to better understand, build, measure, and enhance trust in construction projects.
	Key Words: Trust; Construction projects; Confirmatory Factor Analysis (CFA); Building Information Modeling (BIM).
	Introduction
	Trust is a critical facilitator of positive relationships between owners and contractors in construction projects (Cheung et al., 2011; Zuppa, 2016). It has been identified as one enabler to facilitate collaboration and enhance productivity in construction projects (Deep et al., 2021). Projects with a high level of trust can have lower costs, shorter time, and better project performance (Laan et al., 2011; Wong et al., 2005), while the lack of trust will cause low work efficiency and even project failure (Cerić et al., 2021; Wu et al., 2020). When setting up a contract, owners may prefer to specify as many details as possible and create bounds to constrain the contractors’ behaviors (Ning et al., 2019). Correspondingly, contractors may try to get more compensation to increase their own benefits (Laan et al., 2011). During the construction phase, owners could conduct rigid and detailed control due to the suspicions of contractors’ work (Karlsen et al., 2008), while contractors may not have the incentives to increase work efficiency and quality (Rose and Manley, 2011). Considering the payment, retainage is an important part that owners would use to control contractors’ behaviors (Larson, 1997). Contractors may frontload their billings to earn profits earlier (Jones, 2009). In addition, there are frequent conflicts and disputes about the project schedule, cost, quality, etc. (Hasanzadeh et al., 2016). The lack of trust between contractors and owners forms an adversarial relationship (Chan, 2003), which is harmful to construction projects. Therefore, building trust is important in construction projects.
	There is a lack of a commonly accepted definition of trust. Trust was defined as a psychological state showing people’s intention to accept vulnerability considering the positive expectations of others (Jin, 2005; Laan et al., 2011), while others argued that trust is also a behavioral term (Lewicki and Bunker, 1996; McKnight and Chervany, 2001). Also, some researchers showed that trust is a sociological and cultural phenomenon containing both expectations and rational behaviors (Girmscheid and Brockmann, 2010; Koehn, 1996), while others indicated that trust is not only a simple expectation but also confidence when facing uncertain and risky environments (Bhattacharya, 1998; Lewicki and Bunker, 1996). The divergence of trust definitions may cause problems when connecting theoretical concepts to empirical findings (Watson, 2005). 
	In construction projects, the lack of a clear definition and framework of trust impacts trust-building (He et al., 2022). It is necessary to expand contextual boundaries to provide a comprehensive definition of trust as well as a trust framework, which can support efficient project management (Lu et al., 2023; Wong et al., 2005). BIM-assisted projects have become a major part of construction projects. In North America, the BIM adoption rate is 74% for contractors (Salleh et al., 2023). BIM enables participants to communicate with each other and manage projects more efficiently (Chen, 2013), while it requires a higher level of trust than traditional projects (Lee et al., 2018). Good trust-based relationships facilitate the efficient integration and transmission of information using BIM (Ji and Orgun, 2006) and support successful project delivery (Lee and Chong, 2021; Mathews et al., 2017). Thus, it is critical to build and measure trust in BIM-assisted projects (He et al., 2022). Existing work has analyzed different conceptual types to define trust as affection, cognition, intention, or behavior, and has explained trust using models with different factors, such as integrity, competence, benevolence, and commitment (Cummings and Bromiley, 1996; Lewis and Weigert, 1985; McKnight and Chervany, 2001; Wong and Cheung, 2005). However, limited studies covered all conceptual types and factors and identified their relationships to understand and measure trust multi-dimensionally, especially with both qualitative and quantitative data. For BIM projects, existing trust-based models (Farouk et al., 2023; Lee et al., 2018; Olugboyega and Windapo, 2019) also covered limited conceptual types and factors, failed to explain their relationships, or lacked qualitative or quantitative data.
	To address the gaps, this paper aims to develop a measurement model of trust in construction projects based on literature review, qualitative data (interviews and focus groups), and quantitative data (surveys). First, different conceptual types, factors, indicators, and their relationships were reviewed to form a trust framework. Then, individual interviews and focus groups were conducted to test the proposed framework. Next, Confirmatory Factor Analysis (CFA) and survey data were utilized to build a measurement model of trust in BIM-assisted projects. The findings not only provide valuable insights into the multi-dimensional nature of trust relying on theoretical justifications as well as qualitative and quantitative evidence, but also guide practitioners to build and measure trust in construction projects.
	Development of Trust Framework
	Conceptual Types of Trust
	Factors and Indicators of Trust
	Trust Framework and Hypotheses

	Existing studies have explored trust frameworks. However, some covered limited conceptual types of trust; some failed to clarify the relationships between different conceptual types; some considered limited factors and indicators; some covered all four factors but lacked sufficient qualitative or quantitative evidence. Therefore, this literature review aims to propose a trust framework covering all conceptual types of trust, factors, indicators, and their relationships based on literature, which will be tested by qualitative and quantitative data.
	Based on the human information processing theory, perception, cognition, and action are the three major stages in which people get information, analyze information, make decisions, and respond to the environment (Feng et al., 2023; Proctor and Zandt, 2018). The trust-building follows this theory to form four conceptual types of trust with a progressive relationship. The first type is affective trust, which refers to the emotional bond and attachment (Lewis and Weigert, 1985; Zhang et al., 2024) and indicates how the trustor feels about the trustee (Cummings and Bromiley, 1996). It is from feeling and sense rather than reasoning and understanding (Wu et al., 2017), which relates to the perception stage that the trustor knows the trustee without any further consideration. It is also defined as emotional trust (Lewis and Weigert, 1985), affective state (Cummings and Bromiley, 1996), and dispositional trust (McKnight and Chervany, 2001). Second, cognitive trust indicates trust based on knowledge and how the trustor rationally thinks about the trustee (Cummings and Bromiley, 1996; McAllister, 1995; Zhang et al., 2024). It is grounded in the trustor’s rational perception and assessment of the trustee (Lewis and Weigert, 1985; Wu et al., 2017). This type relates to the cognition stage in which the trustor analyzes the information of the trustee. It is also called knowledge-based trust (Lewicki and Bunker, 1996) and cognition-based trust (Wong et al., 2008). Third, intentional trust focuses on the trusting intentions that are determined by personal willingness (Cummings and Bromiley, 1996; McKnight and Chervany, 2001). This type of trust also links to the cognition stage about making trust decisions. It is also entitled to intended behavior (Cummings and Bromiley, 1996; Wang et al., 2015) and trusting intentions (McKnight and Chervany, 2001). The last type is behavioral trust, which explains the trustor’s trusting behavior (He et al., 2022; Lewis and Weigert, 1985), relating to the action stage of undertaking the risk and performing trust action. It is also called behavioral trust (Lewis and Weigert, 1985) and trust-related behavior (McKnight and Chervany, 2001). 
	Even though there are discussions on different conceptual types of trust (as shown in Table 1), few studies addressed all four types of trust. McAllister (1995) and Wong et al. (2008) only identified affective trust and cognitive trust. Lewis and Weigert (1985) identified cognitive, emotional, and behavioral trust, while intentional trust is missing. Cummings and Bromiley (1996) explored the affection, cognition, and intended behavior of organizational trust, without considering the behavioral dimension. Even though one study explored all four conceptual types (McKnight and Chervany, 2001), affective trust and cognitive trust were combined when discussing their relationships. In addition, Schilke et al. (2021) indicated that existing studies focused on affective trust, cognitive trust, and behaviors, while more research is needed to generalize various categorical trusts and explore the interrelationships between them considering both trustor’s trust and trustee’s trustworthiness. Therefore, there is a lack of studies discussing all four types of trust and their relationships, especially in the construction industry.
	Table 1. Conceptual types of trust in previous studies
	According to the four conceptual types, factors of trust have been discussed in existing work, as shown in Table 2. Based on the literature review, four factors and corresponding indicators were identified, as summarized in Table 3.
	Table 2. Factors of trust in existing studies
	Table 3. Four factors and thirteen indicators of trust
	The first factor is integrity, which relates to affective trust. It answers the question, “Does the relationship feel right?” (Hartman, 2003). The factor indicates the basic norms and principles of the trustee (Sagar et al., 2023), which impacts the trustor’s impression and emotional response towards the trustee without any evidence (Ruan et al., 2017). Three indicators were identified to express integrity. Honesty indicates the sincere acts of telling the truth to the trustor (McKnight and Chervany, 2001), especially about their mistakes, inaccuracies, and vulnerability (Lansing et al., 2023; Rheu et al., 2021). Reliability refers to the expectation that the trustee will keep their promises (Pinto et al., 2009; Vanhala et al., 2016). Ethics is predominant in integrity (Cox, 2009), representing that the trustee should take an ethical manner during the cooperation (McKnight and Chervany, 2001). To sum up, integrity is the belief that the participants in the cooperation will behave honestly and reliably and adhere to ethics, principles, and standards (Lean et al., 2009).
	The second factor is competency, which relates to cognitive trust. It answers the question, “Can you do the job?” (Hartman, 2003). It means that the trustor is satisfied with the work of the trustee or added value created by the trustee in projects (Jiang et al., 2016). It mainly relies on the reported information in other relationships or previous work (Johnson and Grayson, 2005). There are three indicators. Credential is the evidence supporting the reputation and performance of the trustee to enhance trust (Alzahrani et al., 2017; Messina et al., 2014). Track record shows the experience of the trustee in previous projects to judge competence (Hussain, 2018; Zhu and Akhtar, 2014). Ability indicates the capability of the trustee to complete the tasks and to make contributions to the project’s success (Oliveira et al., 2017; Vanhala et al., 2016), such as work with BIM (Farouk et al., 2023), effective communication (Sagar et al., 2023), and other relevant expertise (Lansing et al., 2023).
	The third factor is benevolence, which answers the question, “Will you look after my interests?” (Hartman, 2003). It relates to the intentional trust about whether the trustee will behave during the cooperation (Xie and Peng, 2009). It implies that the trustee has a positive intention toward the trustor during construction projects (Akbar et al., 1998; Mayer et al., 1995). Four indicators were identified. Good motives indicate the trustee’s willingness to do good to the partner instead of hurting the trustor’s benefits to earn their own profits (McKnight and Chervany, 2001; Pinto et al., 2009; Sagar et al., 2023). Fairness represents that the trustee will act fairly without succumbing to egocentric or opportunistic behavior (Oliveira et al., 2017; Vanhala et al., 2016). For example, the trustee is fair when negotiating the project contract (Yan and Zhang, 2020). Caring indicates the trustee will protect the trustor’s interests and consider others’ needs during the cooperation (McKnight and Chervany, 2001). Openness means that the trustee is willing to communicate and share information with the trustor openly (Cox, 2009; Lansing et al., 2023). 
	The last factor is commitment, which answers the question, “Will you do your job as committed?” (Hartman, 2003). It is the factor relating to behavioral trust, which focuses on the trustee’s commitment to achieving what they promise in construction projects (Pratt and Dirks, 2007). There are three indicators. Dedication indicates that the trustee makes good-faith efforts on the project (Cummings and Bromiley, 1996), representing the credibility of the trustee to contribute to the cooperation (Chang and Chou, 2011) and keep professional (Yan and Zhang, 2020). Predictability represents the predictable behaviors of the trustee during the cooperation (McKnight and Chervany, 2001), evaluating whether the trustee’s actions are consistent enough according to previous records. Taking responsibility means the trustee feels responsible for the needs of others and is willing to respond to the needs in cooperation (McAllister, 1995).
	Existing studies mainly accounted for limited factors of trust (Table 2). For example, Cummings and Bromiley (1996), Lewicki and Bunker (1996), and Akbar (1998) focused on integrity, benevolence, and commitment, while competency is missing. Mayer et al. (1995) addressed integrity, competence, and benevolence, but the commitment factor was not considered. Even though two studies explored all four factors (Cox, 2009; McKnight and Chervany, 2001), they lacked qualitative and quantitative data to test the framework. 
	Fig. 1 shows the trust framework combining four conceptual types, four factors, and 13 indicators discussed above. The development of the trustor’s dispositions and behaviors toward the trustee can be explained as four stages: affection, cognition, intention, and behavior. The four conceptual types of trust can be categorized as affective trust, cognitive trust, intentional trust, and behavioral trust, which have a progressive relationship. The trustee’s characteristic factors and indicators are the key elements influencing the trust-building process. Overall, the trustor will determine their dispositions and behavior based on the trustee’s characteristics across four stages, which connects the conceptual types with factors and indicators. Therefore, trust can be defined as the willingness of a party/person to be affectively, cognitively, intentionally, and behaviorally vulnerable to another party/person grounded on integrity, competence, benevolence, and commitment of that party.
	Fig. 1. Trust framework with four conceptual types and four factors 
	According to the proposed trust framework, a hypothesized measurement model was proposed (Fig. 2), covering four hypotheses. Hypothesis 1 (H1): All indicators of trust can be explained by the four factors. Hypothesis 2 (H2): Each indicator can be related to only one factor. The two hypotheses support the relationships between the four factors and 13 indicators. Hypothesis 3 (H3): Error terms associated with each indicator were uncorrelated. This hypothesis indicates that the indicators are not correlated with each other. Hypothesis 4 (H4): The four factors have inter-correlations with each other. The hypothesis supports the correlations between the four factors based on the four conceptual types of trust.
	/
	Fig. 2. The hypothesized measurement model of trust
	Note: ∅𝑖𝑗 is the path coefficient between each two of the four factors. 𝜆𝑥 indicates the regression coefficient between indicator 𝑥 and its related factor.
	Methodology
	Research Framework
	Interviews and Focus Groups
	Confirmation Factor Analysis

	A mixed method was applied in this study, utilizing the strengths of both qualitative and quantitative methods (Creswell, 2017; Doyle et al., 2009; Johnson and Onwuegbuzie, 2004). In particular, a sequential exploratory strategy was used, which involves qualitative data collection and analysis as the first phase to explore a phenomenon and quantitative data collection and analysis as the second phase to validate and interpret the findings within a chosen sample (Creswell, 2017; Ivankova et al., 2006). It is especially advantageous for building new frameworks and finding new instruments (Creswell, 2017). Mixed methods have been widely used in studies on framework development. For example, the frameworks of success factors of integrated project delivery on industrial construction projects (Wood et al., 2024), key factors associated with workplace bullying and mental health of construction industry apprentices (Ross et al., 2021), and critical factors in the development of assembled buildings in steel structure projects (Yu et al., 2023) were developed using the sequential exploratory mixed methods.
	Fig. 3 shows the research framework of this study. First, the trust framework was proposed based on a literature review, which is an effective way to start the trust framework (Costigan et al., 1998; McKnight and Chervany, 2001). The proposed trust framework covered four conceptual types of trust, four factors, and 13 indicators as well as their relationships. Second, qualitative data was collected from nine interviews and two focus groups covering practitioners (i.e., participants working in the industry) and academicians (i.e., participants working in the academia) to explore the trust framework (the first phase of the sequential exploratory strategy). Seven-point Likert scales were used to rank the importance of trust and each factor; four open-ended questions were set to explore participants’ opinions of trust in construction projects (Table 4). Third, based on the proposed framework and qualitative results, quantitative data was collected to validate the trust framework by developing a measurement model of trust in BIM-assisted projects (the second phase of the exploratory strategy). A web-based survey was applied to rate the factors and indicators in measuring trust in BIM-assisted projects using a seven-point Likert scale. Responses from 97 BIM academicians were analyzed using CFA. CFA aims to test how the measured indicators represent the factors in a theoretical model (Hair et al., 2010), which has been commonly used in analyzing trust (Chow et al., 2012; Wong and Cheung, 2005; Wong et al., 2008). Integrating qualitative and quantitative methods, the mixed research design could help better understand and measure trust. 
	Fig. 3. Research framework
	Table 4. List of questions for interviews and focus groups
	Questions
	Do you think there is any trust in the construction business? 
	What is your definition of trust in the construction business? 
	Along a seven-point Likert scale, please rate the importance of trust for the success of a business.  
	Four factors were identified to measure trust based on a literature review, please rate the importance of each factor in measuring owners’ trust of contractors along a seven-point Likert scale.
	 Integrity: the trustee adheres to a set of acceptable principles. 
	 Competency: the ability of the trustee in certain domains.
	 Benevolence: the trustee wants to do good to the trustor. 
	 Commitment: the trustee makes efforts to keep commitments.  
	Nine interviews were conducted with four practitioners and five academicians (Table 5). Four practitioners included subcontractors, construction managers, and consultants, with an average 15-year working experience. Five academicians were faculties with an average 8-year working experience in civil and construction-related departments. Moreover, two focus groups were organized in Georgia. Five general contractors were included in the first focus group, with an average 8-year working experience and working on 30 to 60 projects per year. Two virtual design and construction managers participated in the second focus group, with an average 9-year working experience and more than 170 construction projects on average.
	Table 5. Demographic information of participants in interviews and focus groups
	BIM academicians were selected as the target population due to their comprehensive experiences in BIM-assisted projects and understanding of trust-related theories. A total of 137 responses were collected. If the participant did not have any BIM experience (i.e., working with BIM in academia or industry), the response was discarded. 40 responses were removed due to the incomplete information and disqualification of BIM experience. Finally, 97 responses were used for further analysis. All respondents had working experience with BIM (average years = 4.38), supporting their sufficient understanding of trust in BIM-assisted projects.
	Regarding demographic information (Table 6), 97 participants covered assistant professor (21%), professor (20%), associate professor (16%), lecturer/instructor/senior lecturer (11%), graduate students (9%), head/dean/director/etc. (6%), researcher (6%), and others (10%). Then, respondents came from various countries, including the USA (58%), UK (5%), China (4%), Australia (4%), India (3%), and others (26%, e.g., Turkey, New Zealand, Germany, etc.). Most participants had doctoral degrees (71%), followed by master’s degrees (22%) and bachelor’s degrees (7%). Moreover, participants showed an average of 13.28 years of academic experience. More importantly, most participants also had industrial experiences (85 out of 97). The average industrial experience was 9.28 years. Even though they were academicians, their industrial experiences could support them to provide responses considering the industry perspective. In addition, participants evaluated their confidence in construction management expertise as 5.39 out of 7 on average, and 5.02 out of 7 for BIM, supporting their confidence in evaluating trust in BIM-assisted projects. 
	Table 6. Demographic information of BIM academicians
	Number of participants
	Number of participants
	Number of participants
	Highest Degree
	Country
	Position/Title
	7
	Bachelor's degree
	56
	USA
	20
	Assistant professor
	21
	Master's degree
	5
	UK
	16
	Associate professor
	69
	Doctoral degree
	4
	Australia
	9
	Graduate student
	 
	 
	4
	China
	6
	Head/Dean/Director/etc.
	 
	 
	3
	India
	11
	Lecturer/Instructor/Senior lecturer
	 
	 
	25
	Others
	19
	Professor
	 
	 
	 
	 
	6
	Researcher
	 
	 
	 
	 
	10
	Others
	4.38
	5.02
	5.39
	9.28
	13.28
	Average
	1.97
	1.55
	1.33
	11.13
	9.00
	Standard deviation
	The 97 responses were screened for potential problems, including missing value, normality assumptions, and multi-collinearity, to prepare for data analysis (Chen et al., 2014, 2016). 117 missing values from 9 participants were replaced by the mean values of corresponding indicators (Newman, 2014). The normality distribution assumption for each indicator was confirmed; no extreme collinearity was found, as shown in Table 7. The sample size is sufficient for CFA (i.e., 5 times model parameters (Myers et al., 2011)). Thus, the data was analyzed using CFA (SPSS AMOS software) to develop the measurement model. 
	Table 7. Normality and multi-collinearity tests
	Results
	Qualitative Results from Interviews and Focus Groups
	Measurement Model of Trust

	All participants agreed “there is trust in the construction business”. However, participants had different definitions of trust, such as “do what they say they will do”, “believe in their commitment”, “do what is right for the project and not be selfish”, and “do their due diligence and watch out for others”. Those definitions mainly covered intentional trust and behavioral trust, while affective trust and cognitive trust were missing. Moreover, all participants agreed that trust is extremely important for construction project success (mean score of 6.81 out of 7). Regarding whether a contractor is trustworthy or not, participants mentioned “good selection criteria”, “prequalification with enough research”, “track history and reference”, “direct interaction”, “good reputation”, “transparency of contract” and “their ability to keep their word”. These answers aligned with the competency and commitment factors, while integrity and benevolence factors were not included. Then, all four factors showed great importance in measuring trust (Table 8). Commitment (6.45 out of 7) was perceived as the most important factor, followed by integrity (6.27 out of 7), benevolence (6.00 out of 7), and competency (5.82 out of 7). For other factors that may influence trust in construction projects, most participants could not think of others because the proposed factors are comprehensive. Only two participants provided other three factors: consistency, transparency, and longevity. Consistency should belong to the commitment factor, which measures whether the trustee can perform actions consistent with their commitments. Transparency can be incorporated into the benevolence and commitment factors, indicating the transparent process of conducting work to make sure the trustee is benevolent and finishes the tasks as promised. Longevity can be explained by the whole four-factor framework to form a virtuous circle of trust-building to maintain long-term trust. Therefore, the trust framework covering four types and four factors could explain and measure trust comprehensively.  
	Table 8. Importance level of four trust factors using seven-point Likert scale
	To evaluate the acceptability of the CFA results, the goodness-of-fit (GOF) was analyzed by five measures (as shown in Table 9). All indices fell into the recommended ranges, indicating that the measurement model fitted the data well. 
	Table 9. GOF measures of the trust measurement model
	The standardized output and AMOS output of the measurement model are shown in Fig. 4 and Table 10. 𝜆𝑥 indicates the coefficient between indicator 𝑥 and its related factor. ∅𝑖𝑗 is the coefficient between each two factors. Larger coefficients represent stronger evidence to support the correlations (Brown, 2014). The measurement model did not reveal any redundant factors, indicators, or contradictory relationships, which can measure trust by 13 indicators and four factors in BIM-assisted projects.
	Table 10. AMOS output of the trust measurement model
	Note: *** indicates p < 0.001.
	/
	Fig. 4. The standardized measurement model of trust
	All four hypotheses were verified through the results. H1 and H2 were verified through 𝜆𝑖. As all 𝜆𝑖 estimations were higher than 0.7 (Hair et al., 2010) and significant (P < 0.001) in the expected positive direction, H1 was accepted, showing the four factors can explain all 13 indicators of trust in BIM-assisted projects. Also, each indicator only loaded on one factor, supporting the acceptance of H2. For the integrity factor, honesty and reliability were the most important indicators (𝜆1=𝜆2=0.93); ethics also showed great importance (𝜆3=0.88). For the competency factor, ability was the most critical indicator (𝜆6=0.90), while credential and track record showed lower importance (𝜆4= 0.80, 𝜆5=0.75). For the benevolence factor, fairness, caring, and openness almost showed the same importance (𝜆8=𝜆10=0.90, 𝜆9=0.89), while good motivation had lower importance (𝜆7=0.84). For commitment factor, dedication, predictability, and taking responsibility had close importance (𝜆11=0.87, 𝜆12=0.82, 𝜆13=0.84). Then, H3 was accepted because the standard errors were between 0.06 and 0.17, which is acceptable (Byrne, 2013), supporting the construct validity of this measurement model. Finally, H4 was supported by ∅𝑖𝑗. The four factors had significant relations with each other because all estimations of ∅𝑖𝑗 were significant (P < 0.001) and exceeded 0.32 (Billings and Wroten, 1978). In particular, benevolence and commitment factors had the closest relationship (∅34=0.86); integrity and competency also showed a close correlation (∅12=0.80).
	Discussion
	This study proposed a measurement model of trust in construction projects, especially BIM-assisted projects, based on four conceptual types, four factors, and 13 indicators, supported by theoretical justification, qualitative evidence, and quantitative data. Some key findings were discussed below, including trust definition and trust factors in construction projects, quantitative relationships between trust factors (i.e., integrity, competency, benevolence, and commitment) in BIM-assisted projects, and potential application of the trust framework.
	One important finding is that when no information was provided, experts could not define and measure trust comprehensively. They only identified the two “tangible” factors (i.e., competency and commitment) measuring the trustee’s past experiences and skills as well as the behaviors, while the two "intangible” factors (i.e., integrity and benevolence) relating to affective trust and intentional trust were ignored. However, following the four-factor trust framework, they recognized the importance of integrity and benevolence factors. It emphasizes the importance of applying a trust framework in understanding and measuring trust multidimensionally in construction projects as well as supports the comprehensiveness of the proposed framework. It is consistent with a previous study emphasizing the importance of a comprehensive trust framework to ensure project performance (Lu et al., 2023).
	Another key finding is that all four trust factors are important in construction projects. Existing work shows that it is difficult to develop trust among multi-disciplinary stakeholders in BIM-related projects (Cheng et al., 2023), emphasizing the importance of considering various trust factors. Commitment is the most important factor, indicating that behavioral trust is the last but most critical part of the trust-building process in construction projects. According to the dedication, predictability, and taking responsibility indicators, the trustee should show great efforts on the projects (e.g., exploring innovative methods to improve the project performance (Jalali et al., 2023)), keep consistent actions during the cooperation (e.g., sending out the billings based on actual progress), and fulfill their responsibilities listed in the contract (e.g., enhancing contract governance and knowledge sharing to support project work (Shang et al., 2023)). Integrity was ranked as the second factor, which is the beginning stage of trust-building. It emphasizes that the trustee should keep the basic norms (i.e., honesty, reliability, and ethics) to develop a strong emotional connection with the trustor. For example, when owners believe that contractors will tell the truth, keep promises, and avoid unethical actions (e.g., using unqualified materials), affective trust can be developed. Benevolence was ranked as the third factor. Good motives, fairness, caring, and openness of the trustee can support the trustor’s intentional trust. For example, contractors should always be willing to protect the owners’ benefits, not take any opportunistic behaviors that may compromise the project performance, care about the owners’ needs during the cooperation, and communicate with owners openly and promptly from the beginning (Francisco and Rabechini, 2019). Competency factor was ranked the last. The trustee should show credential, track record, and ability of similar projects to justify that they are qualified for the work, such as previous experience, certificates, professional skills, etc.  (Charles et al., 2022). In addition, the rank emphasizes that the deficiency of competency can be marked up by strong integrity, benevolence, and commitment. In the project-driven construction industry, which has dynamic uncertainties and high complexities (Laan et al., 2011), trust relies heavily on the trustee's inherent characteristics, not just professional skills and experience (not entirely rational) (Schilke et al., 2021).
	In BIM-assisted projects, the relationships between trust factors were quantified. Benevolence and commitment factors had the strongest relationship. In the four-stage trust-building process, forming trust intentions and behaviors are closely related. Having the trust intention is usually the former step of taking trust behavior. To enhance trust in BIM-assisted projects, the trustee should pay attention to improving the benevolence and commitment together. For example, when communicating the information with owners openly and considering owners’ benefits utilizing BIM, contractors should also show their dedication and responsibility in completing tasks. Also, integrity and competency factors showed a close relationship. After forming the affective trust based on the trustees’ basic norms, the trustor will further explore more information to build cognitive trust, such as BIM-related credentials, project experiences, and qualifications. Previous studies indicated that expertise and knowledge related to BIM are important in trust-building in BIM-based construction projects (Farouk et al., 2023). The trustee needs to improve integrity and competency together, such as showing their honesty, reliability, and ethics when communicating with the trustor as well as preparing documents to support their credentials, past records, and abilities. During the process, communication technology and systems can be applied to enhance cooperation (Charles et al., 2022; Lee et al., 2022).
	Practitioners and academicians can apply the trust framework and measurement model to understand, build, and measure multi-dimensional trust in construction projects. Theoretically, the framework provides new insights into the multidimensional nature of trust, helping academicians analyze trust and related factors systematically and comprehensively. In practice, the trustor can apply the indicators to evaluate the trustee from the four aspects effectively, facilitating the scientific trust-building process. Meanwhile, the measurement model can assist the trustee to improve themselves to enhance trust within the cooperation, such as showing their integrity to form a great initial impression, preparing sufficient documents to show competency, improving benevolence by caring about owners’ benefits, developing open communication strategies, and keeping commitment by performing consistent actions and being responsible for the project tasks.
	Conclusions
	Trust is essential for developing positive relationships in construction projects to support project success, while the lack of trust will cause a vicious circle that harms the project performance. To better understand and build trust in construction projects, this study develops a measurement model of trust based on theoretical justification as well as qualitative and quantitative data. Through a literature review, a trust framework covering four conceptual types of trust, four factors, and 13 indicators was proposed. Results of individual interviews and focus groups supported the proposed framework and showed the rank of four factors (i.e., commitment, integrity, benevolence, and competency). Finally, a measurement model of trust was developed in BIM-assisted projects using survey data. The 13 indicators had positive, single, and significant relations with the four factors to measure trust comprehensively. All four factors had significant inter-correlations with each other to form the multi-dimensional trust. Specifically, integrity and competency had a close relationship, while benevolence and commitment showed a close correlation. The trust framework and measurement model provide a comprehensive understanding of multi-dimensional trust in construction projects. Practically, the findings can help practitioners to better understand, build, and measure trust in construction projects. However, there are three major limitations. First, the practitioners all came from Georgia, indicating the potential limitation due to the lack of diversity in areas. Future work should cover different areas, companies, and positions to further test the trust framework. Second, even though most of the BIM academicians had industrial experiences, no practitioners were included in the survey to develop the measurement model. Future studies should include practitioners to test the model. Third, the measurement model was only tested in BIM-assisted projects, even though BIM was applied in a major part of construction projects. Future work should investigate other construction projects to expand the application of the model.
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