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A B S T R A C T   

The significance of innovation management in triggering and sustaining increase in corporations 
of distinct size, age or enterprise type, is receiving growing attention, yet scant empirical research 
have been carried out in project-oriented service firms, in particular small-scaled enterprises. This 
study aims to identify how innovation management in small construction firms could enable them 
to pursue innovation and achieve greater business performance. Data collection comprises 157 
empirical surveys leading to a conceptual framework modelled using the structural equation 
modelling approach. The findings show that entrepreneurship and networking have a direct and 
considerable influence on both technological and non-technological innovation, which conse-
quently improves firm performance.   

1. Introduction 

With the increasing literature on service innovation, project-oriented industry is getting growing attention [1,2] for their unique 
and ideal setting in capturing the knowledge concerning service-centric innovation. In this respect, the features of project-based 
service firms have been identified in their distinct nature of organizing task around one-off projects, delivering specific services 
upon adaptable and flexible mechanism, and often co-creating outputs with the customer [3,4]. Most manufacturing firms have input 
and output innovations [5]. Different from functionally organized firms where innovation is largely an in-firm problem, the 
project-based innovations exclusively depend on the external complex environment inherited with in-situ production and temporary 
coalitions of varying businesses [6,7]. Despite the myriad discussions on innovative aspects of project-based service firms, several gaps 
require attention [8]. First, most attempts to conceptualizing innovation in project-based sectors are based predominantly on 
manufacturing orthodoxies [9]. Variables consistently linked with firms’ innovative activities are the patentable, technical ad-
vancements [4] originating from traditional science-based output metrics. Reflecting characteristics unique to service settings such as 
the incremental and continuous nature of innovative endeavours and the absence of R&D-centred efforts [7]. Existing literature on 
innovation focuses on its technical content, including product and process innovation, but little is known about the impact of man-
agement innovation practices on other dimensions of innovation [10]. The project-based firms inherently innovate differently from 
those in manufacturing [11]. Innovation is not limited to a company’s technological system, it is also recognized for changes in the 
organization itself and its structure [12]. Besides casting doubts on these approaches over their appropriateness for measuring 
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innovation [13], there is a need to clearly identify how project-based firms benefit from non-technological advances in order to better 
conceptualize this service-specific innovation [14]. 

Moreover, the construction innovation-based performance literature usually dominates on determining the innovation success 
factors. Rarely are these found to be connected with theoretical view of firms [15]. Specifically, the role of entrepreneurship in 
nurturing firms’ capability to discern unique value to their customers, both in services context [16] and small-scaled firms [17], 
warrant further examination. Further, the capability to purposefully utilize external linkages with multiple actors has suggested to be 
beneficial to innovation practices in project-oriented environments [18–20]. Kafetzopoulos and Skalkos [21] point out that strategies 
based on the introduction and implementation of new management innovation processes are important predictors of small business 
marketing innovation. While the literature remains inconclusive in featuring such innovation strategy, this study intends to capture the 
essence of prior work in the project-based construction settings. Rather, in light of these gaps, this study aims to mould a theoretical 
framework that simultaneously examines antecedents and consequences of construction innovations by drawing on the theoretical 
capability-based view (CBV). Such view has established that how firms gain prominent role in continually changing environments 
through their build-up capabilities according to Wernerfelt [22]. This study, dealing with managerial innovation, finds that man-
agement innovation plays a central role in the effectiveness of different types of innovation and overall organizational performance 
[23]. In this view, we made a clear analysis of the relationships among entrepreneurship, networks, construction innovation and 
organizational performance, Fig. 1 illustrates the framework proposed in this study. Placing our findings within the SME setting, we 
conjecture that capabilities associated with the project-based construction firms enabling them to integrate greater opportunities in 
undertaking construction innovation, supported by theoretical and empirical evidences within a project-oriented regime. 

1.1. Entrepreneurship and networking 

Entrepreneurship is the primary strategic orientation that has always allowed businesses to succeed both locally and internationally 
[24,25]. Fundamentally, entrepreneurship is reflected in business behaviors, and small firms with a strong entrepreneurial mindset 
will be able to effectively identify and seize opportunities that will set them apart from their rivals [26]. This includes decisions, 
methods, and practices [27], which are essential to raising the firm’s overall long-term performance [28]. Despite having limited 
access to capital, entrepreneurial firms are able to pursue opportunities regardless of the resources they currently possess [2], and to 
sustain a greater competitive advantage [29]. 

For decades, entrepreneurship has, both theoretically and empirically, received major interest for its correlation with innovation in 
a manufacturing context [30]. However, given the distinct operational characteristics of services, the relevancy of entrepreneurship in 
service firms has been increasingly emphasized in the literature [31]. In banking industries, entrepreneurial configurations are likely to 
result in active networking strategy [32] and management diversity [33], and eventually being indicative of higher firm performance. 
Similarly, entrepreneurship is robust predictor for firm growth in health care sectors, both of small [34] and large [35] organizations. 
The same focus is also provisioned in non-profit social organizations such that entrepreneurship strongly favours the growth of social 
value and organizational performance [36]. Innovation orientation has a strong mediating role between knowledge management 
practices and innovation performance in SMEs, especially in the context of SMEs, where a thoughtful and strategic approach to 
innovation management can be of great benefit [37]. This research further advances the analysis of entrepreneurial undertaking as part 
of the stance in seeking new value creation within the project-based service setting. 

Moving a step further from extant research question, we contend that being highly entrepreneurial in the conduct of business does 

Fig. 1. Author proposed framework.  
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not constitute competitive strength, but coupled with networking it does. As entrepreneurs in a spatial cluster are not individualistic, 
they could pursue opportunities beyond the firms’ boundaries for the strategic combination of existing resources to drive value 
creating changes [38]. Team innovation climate has a direct impact on innovation performance, rather than a moderating effect. 
Therefore, the creation of an innovative atmosphere at the team level should be emphasized, and the cross-level coordination should 
have a lasting impact on innovation performance [39]. This is compatible with the suggestion of Chetty & Holm [40] that networks can 
help firms expose themselves to new opportunities, obtain knowledge, learn from experiences and benefit from the synergistic effect of 
pooled resources. 

True entrepreneurs, those who are willing to start a business, actively seek market risk, and implement self-directed investment 
behavior, as well as to grasp the future market opportunities more proactive than their opponents [28], require considerable resources 
to be successful [27]. In dealing with timely completed projects, firms persistently rely on temporary coalition of firms with extreme 
specialization of functions and professions for delivering superior value to clients [7]. Entrepreneurial networking shed light on the 
strategic conduit to overcome such discontinuities for accessing and exploiting additional resources throughout the prior established 
networks. In support, Manley [19] find that accessing complementary resources externally through relationship-building strategies, 
especially with advanced clients, are crucial for delivering strategic innovation and good project outcomes. From a strategic 
perspective, the notion of transferring entrepreneurship into feasible strategic activities is increasingly interwoven within multiple 
relationships since they are central and interconnected. Therefore, we hypothesize. 

H1. Entrepreneurship is positively related to network in project-based firm 

1.2. Entrepreneurship and networking in construction innovations 

Innovation is seen as an important competence of firms in outperforming their rivals [2,41] through superior business performance 
[42], project outcome [19], and market penetration [41]. Within the complex system of construction, the ability to persistently secure 
innovation is critical for the improved outcomes of design-construction process and the completed structure itself [43]. Especially in 
uncertain markets, the projects upon which firms engaged offer a rich source of new ideas for physical process improvement and 
product developments [11]. Process innovation is the changes in the way organizations produce end products or services [44] whereas 
product innovation represents new products or services introduced to satisfy the clients’ demands [45]. 

Despite the wide variations in conceptualizing innovation, five major technological innovations have been observed to lead sub-
stantial progress in the micro processes and the industrial structure as a whole [46]. In particular, innovations with different degree of 
radicalness require varying management approaches and implementation strategies [41]. Interestingly, small firms could also exert 
their competitive leverage to move towards better levels of technologies transformation [19,42,47,48]. When management and 
technological innovations are introduced into companies separately, they can have a positive impact on business performance [49]. 
However, their resource restrictions may impede the proper development of different types of innovative offerings [50]. Obviously, 
great importance has been assigned to the necessity of determining and solving technical problems [41,51] to improve the technical 
feasibility of projects. It is necessary to further understand how new management practices, organizational structures or management 
techniques affect technological innovation capabilities and firm performance. 

Adopting a different approach, some scholars tracked on the findings originating from the non-technological advancements [14,52, 
53] that were found to be as crucial to firms’ success as technological innovation [54]. Accordingly, the latest Oslo Manual [55] 
acknowledged the contribution of a composite index of innovative endeavours, including those not directly affiliated with products or 
production means. In this regard, advertising and marketing innovation entails new advertising strategies that require big adjustments 
in product sketch or packaging, product placement, product advertising or pricing, whilst organizational innovation refers to new 
organizational techniques in enterprise practices, place of business agency or exterior family members [55]. 

In project business, the distinction of both types of innovations is often obscured as projects usually include the integration of both 
tangible and intangible elements to provide effective solution for the customer [15]. A recent finding exposed that construction 
companies predominantly concentrated on improving the organizational aspects of operational practices to better organize projects 
and the associated activities, resources and actors [13]. From a practical standpoint, restructure of organizational framework would 
lead to organizational improvement in problem-solving and profitability on a regular basis [56]. Meanwhile, to improve the marketing 
functions, firms require a suite of systematic approaches for the planning, execution and assessment of marketing processes [57]. The 
integration of a well-developed marketing function into firms’ operations can effectively add value to the overall success of business 
[58]. 

Much of the innovations occurring in construction rarely go along with the formal R&D indicators, scilicet, being partial explained 
in the innovative dynamism [7]. Importantly, little, if any, research exists on whether the two different forms of innovations exert 
equal, or different, impacts for firms considering them simultaneously. Following this line of enquiry, each dimension can vary 
independently in aiding the potential of business to succeed. Eventually, the conceptualization of innovation in construction should 
focus on the broader value of innovations, which is a combination of technological and non-technological innovations [14]. 

1.3. Entrepreneurship and innovation 

The entrepreneurial process cannot be separated from innovation, which permeates all parts of the entrepreneurial process. And 
how innovation and entrepreneurial process can be actively integrated is the focus of scholars’ research in recent years. Conceptually, 
innovativeness is one of the functions of entrepreneurship [24]. Entrepreneurial decision-makers would strive to capitalize on 
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innovative endeavours despite the risk of misjudging the prospect of likely outcomes [26]. Entrepreneurial orientation moderates the 
relationship between information management and innovative intellectual capital, and the regulating impact of leader education on 
the relationship between expertise administration and innovation is also demonstrated [59]. While entrepreneurship research at the 
firm level has primarily deciphering the benefits derived from manufacturing-based innovations, rarely are these to be found on 
service-based innovative efforts [16]. This is detrimental for the service firm, for they equally rely on entrepreneurial manner to 
motivate value creating changes via innovation [60]. 

With scarce resources, project-based firms are to persistently display entrepreneurial behavioural traits in the pursuit of market- 
based innovation as a mean to create superior value for their customers [61]. Along with the innovative outcomes resulted by 
recombining limited resources at hand [2], entrepreneurial persistence enables project-oriented firms to seize greater 
innovation-based competitive advantage [2]. Hence, innovations resulting from the potential value of entrepreneurship by considering 
the industry’s unusual emphasis on projects to entirely complement their unique deliveries are hypothesized as follow. 

H2. The greater the entrepreneurship orientation, the stronger is technological innovation 

H3. The greater the entrepreneurship orientation, the greater is non-technological innovation 

1.4. Networks and innovation 

The benefits of network connections are well established in the innovation literature, such that firms operating in net are more 
likely to in developing and commercializing innovation. Given that firms usually operate under resource-constrained environments, 
networks have becoming an optimum solution for accessing inputs required for innovation activities, including resources, comple-
mentary skills, capabilities, and knowledge [62]. In SMEs, which normally lack of resources to develop new products on their own, a 
similar proclivity towards open innovation is demonstrated [38]. Accordingly, these resource-lacking companies could reap the 
benefits of larger companies [63] with higher innovation breadth sustained through the heterogeneity and intensity of exterior as-
sociation [50]. 

In project-based productive networks, firms generally operate on the basis of one-off projects, with discontinuous and temporary 
modes of production, therefore constraining the rapid assimilation of new knowledge and opportunities [15]. To compete in envi-
ronments with such broken learning and feedback loops, firms’ effort to continuously anchor project-specific knowledge through 
establishing innovation networks is crucial for accentuating the innovative initiatives [64]. These findings were dovetailed with the 
concept of co-innovation [13,65], such that innovative opportunities are distributed throughout the intricate interactions of numerous 
dispersed actors [66,67]. Despite the inherent complementarity between innovation and network, the manner by which firms com-
plements it as part of innovation endeavours remains contentious in the case of SMEs [68]. Further, extant studies remained ambiguous 
in their findings where both favouring [7,18] and opposing [69] results were found. Based on the previous ideas, we propose the 
following hypothesis. 

H4. Network is positively related to technological innovation. 

H5. Network is positively related to non-technological innovation. 

1.5. Organizational performance and innovation 

The susceptibility of the organization to the demands of the exterior surroundings has a higher affect on institutional pressures than 
the organization’s coordination and manipulate mechanisms [70]. Generally, organizational performance can be manifested as 
financial elements that reporting on the past performance, and complementing with non-financial elements that concerning on future 
performance [71]. In this regards, there is confusion in the project business literature that scholars often use project-centric innovative 
delivery to explain organizational competitiveness, equating projects with firm performance [15]. Firms, not projects, are the only 
fulcrum credible for evaluating changes in the construction domain [61]. Enterprise performance means the running effectivity of 
enterprise operation and the performance of the manager in a certain duration of operation. The running effectivity is primarily 
mirrored in profitability, asset operation level, debt compensation capability and subsequent development ability. Here we mainly 
examine the innovation performance of firms. Firm innovation performance typically consists of two parts: process innovation and 
product innovation. It also refers to a significant increase in the business volume and economic benefits of a firm after implementing 
new technologies [72,73]. Yet previous studies have attracted criticism for not reaching a clear conclusion concerning the impact of 
innovations has on the performance of firms who based their business upon projects deliveries [74]. 

Moreover, papers addressing the linkages between innovations and its beneficial outcomes robustly considering the product or 
process enhancements [19,45,47,48], rather all innovation types as described earlier. In practice, the impetus for innovative solutions 
not only necessitates the integration of technological knowledge, but also mandates an in-depth investment into the intangible 
business routines. In this sense, the literature scarcely ever advocated the non-technological innovations in spite of their pivot role in 
integrating the information and coordination across portfolio of projects [14]. 

In essence, advanced business practices would provide firms, of all size, with greater competitive advantage [52]. Through new 
management practices, firms are able to mobilize central resources within firms to harness their technological capabilities in delivering 
projects [15]. Likewise, the business of construction sector would develop effectively promoted by strategic marketing management 
[75]. Echoing the marketing efforts as an important part of project-based organizations [57,58], however, the earlier literature did not 
specifically examine whether innovative marketing practices would sustain greater business performance [76]. Consequently, all these 
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arguments call for further empirical analysis to explain the impact of the non-technological measures. Therefore, we postulate that. 

H6. The greater the technological innovation, the greater is the firm performance. 

H7. The greater the non-technological innovation, the greater is the firm performance. 

1.6. Research methods and procedures 

After a thorough critical review of the existing literature, a questionnaire form was developed with valid scale variables. After pre- 
testing the questionnaire with five academies and thirty project-based construction small-enterprises, modifications and improvement 
were made. A sampling frame comprising Malaysian project-based constructing firms, graded as G4 to G6, was assembled from the 
directory published by the Construction Industry Development Board (CIDB) Malaysia. According to Spanos & Lioukas [77], the 
sampling range was constrained to firms employing between 10 and 49 employees (i.e. small firms) and those with missing data, 
hence, yielded an initial sample frame of 750 firms. 

The survey was distributed to 750 construction companies, 231 questionnaires were received, and 157 valid questionnaires were 
obtained through screening, with an effective response rate of 20.9%. The sorts of corporations in the sample are corporations running 
on main-contracting (53%) and specialist-contracting (47%) basis. The average age of the firms is 15 years, with the respondents 
served in the firms for approximately 8 years. In terms of firm’s market configuration, the breakdown was 95% domestic base and 5% 
international base. Following Armstrong & Overton [78], we performed a sequence of Mann-Whitney U checks between the early and 
late responded groups and detected no considerable differences, scilicet, non-response bias was not found for all the variables blan-
keted in the study. This study used 13 reflective items developed by Nasution and Mavondo [79] to measure entrepreneurship. Re-
spondents’ opinions were collected by providing them with a five-point Likert scale. This scale was categorized as “strongly disagree”. 
“Somewhat disagree”, “Agree”, “Somewhat agree” and “Strongly agree " and assumes that conservative and entrepreneurial orien-
tations are on a continuum. According to Oerlemans & Knoben [80], networks were measured using eight categories of external 
partner contacts (customers, competitors, experts/consultants, suppliers, universities, innovation centers, and companies in other 
industries). All items were self-assessed by respondents on a five-point Likert scale. 

To measure innovation, we followed the scales recommended by Hurley & Hult [81], Song & Xie [82], and Oslo Manual [55]. The 
variables were defined as molar second-order variables with reflective characters, distinguishing between four dimensions: process 
innovation, product innovation, marketing innovation and organizational innovation. Among them, process innovation is the intro-
duction of new input materials, physical equipment or software systems in a company’s production or service operations to deliver 
products and services [44]; product innovation is the creation of new products or services based on new or combined technologies 
[45]; marketing innovation is the implementation of a new marketing approach involving product design or packaging, product 
placement, major changes in product promotion or pricing [55]; organizational innovation refers to a new organizational approach in 
business practices, workplace organization, or external relations [55]. The scale concerning organizational innovation was adjusted by 
including only managerial advancement. Particularly, items overlapping the entrepreneurship and networking scale such as those 
related to the use of external relations and workplace innovation were excluded. The scale used in this study consists of 16 items on a 
five-point Likert scale: “never practice”, “sometimes practice”, “to a fair extent”, “always practice” and “always practice”. The scale of 
organizational performance was adapted from Keh et al. [83] that comprises two dimensions: economic and satisfaction measures. All 
7 items were self-assessed by respondents on a five-point Likert scale (anchored by ‘much worse’ and ‘much better’ at the end points). 
While firm age might potentially confound the results, given that older firms tend to have more mature experience and competencies 
that allow them to engage in innovative activities [84], we controlled for this variable. Accordingly, the number of years since 
foundation was the firm age [54]. Table 1 suggests the descriptive information for all variables and the related correlation matrix. 

1.7. Data interpretations and results 

Fig. 1 illustrates the framework proposed in this study, including the four dimensions of entrepreneurship, network, non- 
technological and technological innovation, the firm performance objectives and six hypotheses, where innovation belongs to the 
construction engineering aspect. The developed framework was analyzed with partial least square estimation approach using PLS- 
Graph 3.0 software. To comprehend the quality of the results, two evaluation stages were used to respectively construct a measure-
ment model and a structural model. 

Table 1 
Mean and standard deviation values and correlations among study variables.   

Variable Mean SD 1 2 3 4 5 6 

1 Firm performance 3.812 0.848 1.000      
2 Non-technological innovation   0.721a 1.000     
3 Technological innovation 3.573 0.906 0.706a 0.815a 1.000    
4 Age 3.442 0.941 0.083 0.027 0.068 1.000   
5 Entrepreneurship 3.703 0.764 0.670a 0.702a 0.701a − 0.000 1.000  
6 Network 14.89 7.606 0.627a 0.628a 0.611a 0.021 0.598a 1.000  

a Statistically significant at 0.01. 
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1.8. Measurement model 

The sufficiency of the measurement model is evaluated by reliability and validity. Reliability includes the composite reliability of 
the model and the reliability of each factor. Validity contains convergence validity and discriminant validity. If the reliability of all 
factors in the project is acceptable, it means that the combined reliability of all constructs is satisfactory. Table 2 indicates the main 
measure values for each factor in the measurement model. As recommended by Nunnally [85], the minimum value of conformal 
reliability is 0.8, and this measurement model shows a good reliability because all factors’ values are greater than 0.8. Based on 
research of Fornell and Larcker [86], the average variance extracted (AVE) greater than 0.5 means a good convergence, and this 
measurement model has AVE higher than 0.5 for all factors, indicating a good convergence. In addition, for discriminant validity, the 
square root of AVE for each construct must be greater than its higher correlation with any other construct [87]. According to Table 2, 
the SL and SE of the measurement model were satisfied and all factors were within acceptable error levels. 

1.9. Structural model development 

Next, the structural model is assessed by looking at two parameters: the explanatory power and the path coefficients. Instead of 
using traditional goodness-of-fit metric [88] as in covariance-based SEM, attention should be given to the explanatory power of the 
model. Particularly, the square multiple correlations (R2) computed by PLS-graph 3.0 is similar to that of traditional regression [89] 
and foundational in evaluating a structural model [90]. The R2 can be used to measure the fit of the PLS model and also to reflect the 
explanatory power of the variables. It is generally accepted that there is a better fit when R2 exceeds the minimum value of 0.1 as 
suggested by Falk & Miller [91]. As shown in Table 3, the R2 value for the latent constructs largely exceed the minimum of 0.1 rec-
ommended by Falk & Miller [91]. The R2 value for the ‘organizational performance’ indicated that the framework explains 69% of the 
constructs variance, a very satisfactory level of predictability. 

In this study, the paths were judged to pass or not from a combination of both hypothesis testing and theoretical hypotheses in 
terms of statistical aspects, that is, the important impact of the t-value and the reasonableness of the path coefficients. To proof the 
relationship of hypotheses, the path coefficients (β) of all variables were evaluated and expressed as t. Table 3 displays the relevant 
evaluation indicators. According to the results, a positive correlation was found for all hypothesized paths presented, and the path 
results for the structural model was summarized in Fig. 2. Among them, the path coefficient of H1 is 0.60 (t = 12.26) means there exists 
a significant positive correlation; the path coefficient of H2 is 0.22 (t = 3.666) means there exists a moderate positive relationship; the 
path coefficient of H3 is 0.51 (t = 8.310) means there exists a moderate positive relationship; the path coefficient of H4 is 0.11 (t =
1.856) means there exists a moderate positive relationship. The path coefficient of H5 is 0.32 (t = 4.619) means there is a moderate 
positive relationship; the path coefficient of H6 is 0.35 (t = 3.383) means there is a moderate positive relationship; the path coefficient 

Table 2 
Measurement model results.  

Factors SL SE t-value CR AVE 

Entrepreneurial orientation (reflective)    0.875 0.502 
EN1 0.722**** 0.050 14.537   
EN2 0.738**** 0.046 16.075   
EN3 0.725**** 0.043 16.825   
EN4 0.717**** 0.063 11.525   
EN5 0.708**** 0.056 14.829   
EN6 0.746**** 0.035 21.119   
EN7 0.684**** 0.076 8.344   
Network (reflective)    0.834 0.570 
NW1 0.831**** 0.028 29.772   
NW2 0.843**** 0.027 30.901   
NW3 0.788**** 0.029 23.180   
NW4 0.730**** 0.041 17.694   
Technological innovation (molecular 2nd-order factor)    0.887 0.529 
Product innovation 0.732**** 0.044 14.922   
Process innovation 0.765**** 0.038 19.868   
Non-technological innovation (molecular 2nd-order factor)    0.922 0.598 
Marketing innovation 0.778**** 0.034 24.116   
Organizational innovation 0.767**** 0.037 23.383   
Firm performance (reflective)    0.913 0.601 
FP1 0.736**** 0.048 11.454   
FP2 0.821**** 0.027 30.455   
FP3 0.793**** 0.031 25.653   
FP4 0.755**** 0.038 19.972   
FP5 0.787**** 0.029 27.236   
FP6 0.776**** 0.029 27.153   
FP7 0.817**** 0.025 32.124   
Age 1.000 0.000 0.000 1.000 1.000 

Notes: SL, standardized loading; SE, standard error; CR, composite reliability; AVE, average variance extracted. 
****p < 0.001, ***p < 0.01, **p < 0.05, *p < 0.1. 
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of H7 is 0.44 (t = 4.283) means there is a moderate positive relationship. It is worth noting that there is a significant positive rela-
tionship between non-technological innovation and technological innovation with a path coefficient of 0.59 (t = 7.209), which was 
beyond our expectation. 

Overall, the results support the proposed conceptual model. First, it is suggested that small constructing firms appear to engage in 
entrepreneurial and networking behaviours that positively impact on construction innovations. This is compatible with prior studies 
that demonstrated the vital role of capabilities in the development of technological innovations [19] as well as non-technological 
innovations [54]. Second, the direct effect of construction innovation on organizational performance is noteworthy; supporting 
theorists who address the possession of competitive superiority in some organizations depends on individual types of core innovations 
[55,92,93]. 

2. Discussions and limitation 

In the empirical research part of the study, we systematically examine how innovation supports the business of small project-based 
firms, thereby providing valuable insights into the project business literature in several important ways. Consider the influencing 
factors that affect the innovation ability of small enterprises and the innovation performance of enterprises under four innovation 
dimensions. The mediating role of entrepreneurial orientation and external network between small firm innovation ability and firm 
innovation performance is verified. Entrepreneurial orientation and networking are included in the research scope to construct a 
theoretical framework that examines both the antecedents and consequences of architectural innovation. Furthermore, our research 
contributes to a better understanding of managerial innovation in the context of small construction firms. However, empirical studies 
can only take into account the logical connections between firm innovation, innovation orientation, external networks, and firm 
performance, and cannot explain the degree of interconnection among these factors. Therefore, through the structural equation 
modeling of the questionnaire data of small enterprises, the empirical research results are quantitatively analyzed, and the correlation 
analysis of the factors in the system is carried out while confirming the feasibility and reliability of the empirical research. For the 

Table 3 
Structural equation model results.   

Path coefficient t-value 

Hypothesized links 
H1 Entrepreneurship→network 0.599**** 12.2639 
H2 Entrepreneurship→technological innovation 0.221**** 3.6664 
H3 Entrepreneurship→non-technological innovation 0.508**** 8.3103 
H4 Network→technological innovation 0.108* 1.8555 
H5 Network→non-technological innovation 0.324**** 4.6191 
H6 Technological innovation→firm performance 0.345**** 3.3827 
H7 Non-technological innovation→firm performance 0.438**** 4.2826 
Non-hypothesized links 
Non-technological innovation→technological innovation 0.593**** 7.2095 

****p < 0.001. ***p < 0.01. **p < 0.05. *p < 0.1. 

Fig. 2. Structural model on innovation management in small project-based firms.  
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quantitative research results of empirical research, we make the following discussion. 
First, the measurement and analysis of construction innovation as comprising both technological innovations (i.e., those relating to 

a new or significantly improved product, service and operational process) and non-technological innovations (i.e., those relating to 
new marketing and/or organizational method) advances the project-based innovation literature. The findings inform that while the 
emphasis towards the tangible, technological-based advancements are inherently valuable to outperform rivals, the existing inno-
vative offerings have equally intertwined with intangible, non-technological-based innovations to be more robust in deciphering the 
potential values desired by firms. Put differently, this study is a starting point that substantiating the design of a dual-dimension of new 
services offerings especially relevant to the formulation of evidence on construction innovations. Not only do they occur in concurrent, 
as shown in their significant positive interrelationship (β = 0.59, t = 7.209), both aspects of innovations mutually complement each 
other (β = 0.59, t = 7.209). For firms that rely upon projects to deliver their services, the use of new forms of organisation is indis-
pensable to sustain the increasing intricacy of production, communications and technology. Hence, solely focusing on managing either 
project or business processes per se would fail to build link between mechanisms at the business routines and project activities [15]. In 
line with these arguments, the findings strengthen the conventional innovative approaches with an additional dimensionality of 
non-technological innovation in association with project-based services provisioning. 

Second, the findings draw entrepreneurship in the context of service domain, in response to the scholarly proposition for further 
research in this area [2], given that the need for attention is often overlooked by scholars who disproportionately incorporate their 
orientation towards manufacturing means. In this sense, entrepreneurial value discloses its specific effect with varying dimension of 
innovation postures. Based on the results, on the one hand, entrepreneurship plays a favouring role for technological innovative 
practices (β = 0.22, t = 3.666), and on the other hand, such capability robustly discover the significance of new managing approaches 
to the non-technological innovation (β = 0.51, t = 8.310). Interestingly, firms appear to better engage their entrepreneurial initiatives 
in achieving non-technological innovation. To remain opportunistically in the marketplace, firms with entrepreneurial response to 
external forces by quickly reconfiguring their actions and activities would possibly support themselves to move far in advance to their 
rivals [94]. Thereby, we add knowledge into the services literature by demonstrating entrepreneurship as distinct dynamic capability 
in driving construction innovation in project-based service firms. 

Third, entrepreneurship appears to have a direct significant and positive relationship with networking. (β = 0.60, t = 12.264). It is 
clear from the survey findings that the entrepreneurship is indeed an integral component of organizational behavior in building and 
nurturing relational activities across firm boundaries to attain unbounded form of value creation. Particularly, the inclusion of 
networking provides firms with ample source of opportunities in a setting that require substantial time for satisfying the implicit needs 
and explicit wants of customer [38]. Further, the findings suggest that networking, akin to entrepreneurship, has a positive effect on 
technological innovation (β = 0.11, t = 1.856) and non-technological innovation (β = 0.32, t = 4.619). In this view, the more active the 
interaction path between firms and their other service providers, the greater the innovation breadth sustained within the firms. Our 
findings support the work by Gronum et al. [50] that through established linkages, small firm obtain advantages of potential feasibility 
of varying innovative activities, which in turn directed at disengage the performance value of the networks. 

Finally, the paper addresses the foregoing knowledge gaps by considering the firm (in contrast to the project) as the fundamental 
unit for all strategic integrity of diverse innovation. As noted earlier, the extant studies frequently agree that organizational perfor-
mances are unlocked by the beneficial outcomes derived through numerous delivered innovative projects. Such approach could be 
problematic, as the business performance does not evolve solely from the tangible innovations implemented across projects [14]. 
Expanding extant knowledge to a more complete picture, we answer the recent call by simultaneously explore the combinative effects 
of diverse innovations, which mobilised across project and within firms, in delineating the organizational performance. Compared 
with that of technological innovation (β = 0.35, t = 3.383), the results reveal a slight greater impact of non-technological innovation (β 
= 0.44, t = 4.283) have on organizational performance. This is somewhat unexpected findings such that when firms discern value with 
scarce resources to realize innovative offerings, the non-technological innovation would translate them into better business perfor-
mance, rather than the technical changes. 

In addition, there are several limitations in this study. First, current research background mainly concentrates on small and medium 
construction companies in the Malayan region, as such the applicability to other industry sectors needs to be further demonstrated. 
Second, this study does not test the causal relationship between longitudinal data and evaluation model factors. Therefore, the cau-
sality between up and down factors needs a deeper consideration. 

3. Conclusions and recommendation 

For practitioners, politicians, and scholars alike, this study has significant implications. Compared with previous similar studies, the 
originality of this study is that we provide a reliable and valid model that simultaneously presents the antecedents and consequences of 
innovation in small construction firms, and dialectically investigates how entrepreneurship, outside networks, and business perfor-
mance are related. The analysis of innovation in construction firms includes both technological and non-technological innovations, 
and the findings show that while tangible, technology-based advancements have intrinsic value to occupying the market, existing 
innovative products are equally intertwined with intangible, non-technological innovations. This study emphasizes the impact of 
external networks and an innovation-oriented mindset on the ability of small construction enterprises to innovate. Due to the lack of 
resources, capital and knowledge of emerging technologies, the innovation of small enterprises is limited, coupled with the unique 
project format of construction enterprises, which is not exactly the same as enterprise innovation in manufacturing. As a result, small 
construction firms have become more open, and external networks and entrepreneurial orientation are more important in the impact of 
firm performance. The developed framework illustrates firm-level evidence on construction innovation, thereby offering valuable 
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inputs to scheme out a constructing firm-focused innovation policy, especially in smaller firm with finite organizational resources. 
Given that firm-level evidence is limited, the model favors firm managers’ decision making to take appropriate path in adopting 
innovation. The managers should strive to foster and strengthen their strategic capabilities as they are important determinants of the 
occurrences of construction innovations and the resultant of enduring business performance. The ability of a firm to deliberately 
develop, expand, or adjust its resource base in order to constantly sustain the advantages of the strategy in building distinctive 
marketplace performance should be closely examined in such an endeavour. 

Further research is encouraged to expand our proposition in several important ways. Further discussion of unobserved company 
and market characteristics. Additional efforts in developing multi-dimensional scale of non-technological innovations with regard to 
its conceptualization, of which they would help to reveal further investigation on the actual implication of these novel organizational 
and marketing arrangements. Besides, how non-technological innovations can complement the higher degree of technological inno-
vative practices across portfolios of projects? How do large and small organizations vary in their central routine activities in seeking 
different range of innovative endeavours? Finally, future studies should examine the role of other important dynamic capabilities that 
drive both dimensions of construction innovations, such as knowledge management capabilities. 
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[8] A. Davies, S. Manning, J. Söderlund, When neighboring disciplines fail to learn from each other: the case of innovation and project management research, Res. 

Pol. 47 (5) (2018) 965–979. 
[9] T. Reichstein, A.J. Slater, D.M. Gann, Last among equals: a comparison of innovation in construction, services and manufacturing in the UK, Construct. Manag. 

Econ. 23 (6) (2005) 631–644. 
[10] D. Kafetzopoulos, K. Gotzamani, F. Vouzas, Management innovation, drivers and outcomes: the moderating role of organisational size, Int. J. Innovat. Manag. 25 

(2) (2021). 
[11] G. Winch, Zephyrs of creative destruction: understanding the management of innovation in construction, Build. Res. Inf. 26 (4) (1998) 268–279. 
[12] B.P. Cozzarin, W. Kim, B. Koo, Does organizational innovation moderate technical innovation directly or indirectly? Econ. Innovat. N. Technol. 26 (4) (2017) 

385–403. 

C. Wang et al.                                                                                                                                                                                                          

https://doi.org/10.1016/j.heliyon.2023.e13386
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref1
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref2
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref2
https://doi.org/10.1016/j.jclepro.2017.01.009
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref4
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref5
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref6
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref6
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref7
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref7
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref8
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref8
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref9
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref9
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref10
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref10
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref11
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref12
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref12


Heliyon 9 (2023) e13386

10

[13] H. Hakansson, M. Ingemansson, Industrial renewal within the construction network, Construct. Manag. Econ. 31 (2013) 40–61. 
[14] J. Brochner, Construction contractors as service innovators, Build. Res. Inf. 38 (3) (2010) 235–246. 
[15] D.M. Gann, A.J. Salter, Innovation in project based, service enhanced firms: the construction of complex products and systems, Res. Pol. 29 (2000) 955–972. 
[16] S. Kraus, The role of entrepreneurial orientation in service firms: empirical evidence from Austria, Serv. Ind. J. 33 (5) (2013) 427–444. 
[17] A.R. Anderson, S.D. Dodd, S.L. Jack, Culture as connecting: some implications for theorising and practice, Manag. Decis. 50 (5) (2012) 958–971. 
[18] A. Akintoye, J. Main, Collaborative relationships in construction: the UK contractors’ perception, Eng. Construct. Architect. Manag. 14 (6) (2007) 597–617. 
[19] K. Manley, Against the odds: small firms in Australia successfully introducing new technology on construction projects, Res. Pol. 37 (2008) 1751–1764. 
[20] M. Bagherzadeh, S. Markovic, M. Bogers, Managing open innovation: a project-level perspective, IEEE Trans. Eng. Manag. 68 (1) (2021) 301–316. 
[21] D. Kafetzopoulos, D. Skalkos, An audit of innovation drivers: some empirical findings in Greek agri-food firms, Eur. J. Innovat. Manag. 22 (2) (2019) 361–382. 
[22] B. Wernerfelt, A resource-based view of the firm, Strat. Manag. J. 5 (1984) 171–180. 
[23] L.A. Nguyen, Management innovation: a critical review, J. Org. Stud. Innov. 8 (1) (2021) 31–51. 
[24] G.T. Lumpkin, G.G. Dess, Linking two dimensions of entrepreneurial orientation to firm performance: the moderating role of environment and industry life 

cycle, J. Bus. Ventur. 16 (5) (2001) 429–451. 
[25] V.P. Lau, M.A. Shaffer, K. Au, Entrepreneurial career success from a Chinese perspective: conceptualization, operationalization, and validation, J. Int. Bus. Stud. 

38 (1) (2007) 126–146. 
[26] G.T. Lumpkin, G.G. Dess, Clarifying the entrepreneurial orientation construct and linking it to performance, Acad. Manag. Rev. 21 (1) (1996) 135–172. 
[27] J. Wiklund, D. Shepherd, Entrepreneurial orientation and small business performance: a configurational approach, J. Bus. Ventur. 20 (1) (2005) 71–91. 
[28] J. Wiklund, The sustainability of the entrepreneurial orientation–performance relationship, Culture Theory and Practice 24 (1) (1999) 37–48. 
[29] A. Engelen, H. Kube, S. Schmidt, T.C. Flatten, Entrepreneurial orientation in turbulent environments: the moderating role of absorptive capacity, Res. Pol. 43 (8) 

(2014) 1353–1369. 
[30] J.A. Martínez-Román, J.A. Tamayo, J. Gamero, Innovativeness and its influence on growth and market extension in construction firms in the Andalusian region, 

J. Eng. Technol. Manag. 43 (2017) 19–33. 
[31] M. Iliescu, R. Ciocan, Modern technologies innovation in use for quality control on construction site, Procedia Eng. 181 (2017) 999–1004. 
[32] G. George, D.R. Wood, R. Khan, Networking strategy of boards: implications for small and medium-sized enterprises, Cult. Reg. Develop. 13 (3) (2001) 269–285. 
[33] O.C. Richard, T. Barnett, S. Dwyer, K. Chadwick, Cultural diversity in management, firm performance, and the moderating role of entrepreneurial orientation 

dimensions, Acad. Manag. J. 47 (2) (2004) 255–266. 
[34] P.E. Stetz, R. Howell, A. Stewart, J.D. Blair, M.D. Fottler, Multidimensionality of entrepreneurial firm-level processes: do the dimensions covary? in: R. 

D. Reynolds, E. Autio, C.G. Brush, W.D. Bygrave, S. Manigart, H.J. Sapienza, D.L. Sexton (Eds.), Frontiers of Culture Research Babson College, Wellesley, MA, 
2000, pp. 459–469. 

[35] E. Monsen, W. Boss, The impact of strategic culture inside the organization: examining job stress and employee retention, Cult. Theory Pract. 33 (1) (2009) 
71–104. 

[36] J.A. Felicio, H.M. Goncalves, V.D.C. Goncalves, Social value and organizational performance in non-profit social organizations: social culture, leadership, and 
socioeconomic context effects, J. Bus. Res. 66 (10) (2014) 2139–2146. 

[37] H. Zhou, L.M. Uhlaner, M. Jungst, Knowledge management practices and innovation: a deliberate innovation management model for SMEs, J. Small Bus. Manag. 
(2021) 1–34. 

[38] V. Van de Vrande, P.J. de Jong, W. Vanhaverbeke, M. de Rochemont, Open innovation in SMEs: trends, motives and management challenges, Technovation 29 
(2009) 423–437. 

[39] Z. Jing, W. Cisheng, Cross-level impact of employees’ knowledge management competence and team innovation atmosphere on innovation performance, Ann. 
Oper. Res. (2021). 

[40] S. Chetty, D.B. Holm, Internationalisation of small to medium-sized manufacturing firms: a network approach, Int. Bus. Rev. 9 (1) (2000) 77–93. 
[41] E.S. Slaughter, Implementation of construction innovation, Build. Res. Inf. 28 (1) (2000) 1–17. 
[42] M.G. Sexton, P.S. Barrett, Performance-based building and innovation: balancing client and industry needs, Build. Res. Inf. 33 (2) (2005) 142–148. 
[43] C.H. Nam, C.B. Tatum, Toward understanding of product innovation process in construction, J. Construct. Eng. Manag. 115 (4) (1989) 517–534. 
[44] J.M. Utterback, Mastering the Dynamics of Innovation, Harvard Business School Press, Boston, 1994. 
[45] F. Damanpour, Organizational innovation: a meta-analysis of effects of determinants and moderators, Acad. Manag. J. 34 (3) (1991) 555–590. 
[46] D.M. Gann, Innovation in the construction sector, in: M. Dodgson, R. Rothwell (Eds.), The Handbook of Innovation, Edward Elgar, UK and Brookfield: Aldershot, 

US, 1994, pp. 202–212. 
[47] M. Sexton, P. Barrett, A literature synthesis of innovation in small construction firms: insights, ambiguities and questions, Construct. Manag. Econ. 21 (2003) 

613–622. 
[48] M. Hardie, J. Allen, G. Newell, Environmentally driven technical innovation by Australian construction SMEs, Smart and Sustain. Built Environ. 2 (2) (2013) 

179–191. 
[49] E.A. Henao-Garc, R.A.C. Montoya, Management innovation in an emerging economy: an analysis of its moderating effect on the technological 

innovation–performance relationship, IEEE Trans. Eng. Manag. (2021) 1–14. 
[50] S. Gronum, M.L. Verreynne, T. Kastelle, The role of networks in small and medium-sized enterprise innovation and firm performance, J. Small Bus. Manag. 50 

(2) (2012) 257–282. 
[51] E. Pellicer, V. Yepes, C.L. Correa, L.F. Alarcon, Model for systematic innovation in construction companies, J. Construct. Eng. Manag. 140 (4) (2014) 10. 
[52] G. Seaden, M. Guolla, J. Doutriaux, J. Nash, Strategic decisions and innovation in construction firms, Construct. Manag. Econ. 21 (6) (2003) 603–612. 
[53] K. Manley, S. Mcfallan, Exploring the drivers of firm-level innovation in the construction industry, Construct. Manag. Econ. 24 (9) (2006), 911− 920. 
[54] C. Camison, A. Villar-Lopez, Non-technical innovation: organizational memory and learning capabilities as antecedent factors with effects on sustained 

competitive advantage, Ind. Market. Manag. 40 (2011) 1294–1304. 
[55] OECD, Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data, third ed., OECD EUROSTAT, Paris, 2005. 
[56] E. Pellicer, V. Yepes, C.L. Correa, L.F. Alarcon, Organizational improvement through standardization of the innovation process in construction firms, Eng. 

Manag. J. 24 (2) (2012) 40–53. 
[57] S.B. Yisa, I.E. Ndekugri, A review of changes in the UK construction industry: their implications for the marketing of construction services, Eur. J. Market. 30 (3) 

(1996) 47–65. 
[58] I. Dikmen, M.T. Birgonul, I. Ozcenk, Marketing orientation in construction firms: evidence from Turkish contractors, Build. Environ. 40 (2005) 257–265. 
[59] Q. Yu, S. Aslam, M. Murad, W. Jiatong, N. Syed, The impact of knowledge management process and intellectual capital on entrepreneurial orientation and 

innovation, Front. Psychol. 13 (2022). 
[60] I.C. MacMillan, M.L. McCaffery, Strategy for financial services: cashing in on competitive inertia, J. Bus. Strat. 4 (3) (1984) 58–65. 
[61] M. Sexton, P. Barrett, G. Aouad, Motivating small construction companies to adopt new technology, Build. Res. Inf. 34 (1) (2006) 11–22. 
[62] E. Doving, P.N. Gooderham, Dynamic capabilities as antecedents of the scope of related diversification: the case of small firm accountancy practices, Strat. 

Manag. J. 29 (8) (2008) 841–857. 
[63] R. Rothwell, M. Dodgson, Innovation and firm size, in: M. Dodgson, R. Rothwell (Eds.), The Handbook of Industrial Innovation, US: Edward Elgar, UK and 

Brookfield, Aldershot, 1994, pp. 310–324. 
[64] I. Drejer, A.L. Vinding, Organisation, ‘anchoring’ of knowledge, and innovative activity in construction, Construct. Manag. Econ. 24 (9) (2006) 921–931. 
[65] J. Whyte, M. Sexton, Motivations for innovation in the built environment: new directions for research, Build. Res. Inf. 39 (5) (2011) 473–482. 
[66] NESTA, Hidden Innovation: How Innovation Happens in Six ‘low Innovation’ Sectors, National Endowment for Science, Technology and the Arts (NESTA), 

London, UK, 2007. Research Report June 2007. 
[67] B. Ozorhon, C. Abbott, G. Aouad, Integration and leadership as enablers of innovation in construction: case Study, J. Manag. Eng. 30 (2) (2013) 256–263. 

C. Wang et al.                                                                                                                                                                                                          

http://refhub.elsevier.com/S2405-8440(23)00593-5/sref13
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref14
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref15
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref16
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref17
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref18
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref19
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref20
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref21
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref22
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref23
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref24
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref24
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref25
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref25
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref26
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref27
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref28
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref29
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref29
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref30
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref30
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref31
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref32
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref33
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref33
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref34
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref34
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref34
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref35
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref35
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref36
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref36
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref37
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref37
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref38
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref38
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref39
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref39
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref40
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref41
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref42
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref43
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref44
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref45
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref46
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref46
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref47
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref47
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref48
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref48
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref49
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref49
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref50
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref50
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref51
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref52
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref53
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref54
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref54
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref55
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref56
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref56
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref57
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref57
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref58
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref59
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref59
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref60
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref61
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref62
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref62
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref63
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref63
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref64
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref65
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref66
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref66
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref67


Heliyon 9 (2023) e13386

11

[68] S. Lee, G. Park, B. Yoon, J. Park, Open innovation in SMEs: an intermediated network model, Res. Pol. 39 (2010) 290–300. 
[69] N. Rosenbusch, J. Brinckmann, A. Bausch, Is innovation always beneficial? A meta-analysis of the relationship between innovation and performance in SMEs, 

J. Bus. Ventur. 26 (4) (2011) 441–457. 
[70] S. Alshumrani, K. Baird, R. Munir, Management innovation: the influence of institutional pressures and the impact on competitive advantage, Int. J. Manpow. 

(2021). 
[71] T. Ambler, J.H. Roberts, Assessing marketing performance: don’t settle for a silver metric, J. Market. Manag. 24 (7/8) (2008) 733–750. 
[72] E. Felemban, H. Youssef, A. Al Thobaity, Factors affecting the decontamination process in hospitals in Saudi arabia, Risk Manag. Healthc. Pol. 14 (2021) 

357–363. 
[73] S. Kuraoka, Y.R. Paudyal, K.A. Razak, Transdisciplinary approach for building societal resilience to disasters-interpreting the processes of creating new 

knowledge in the context of knowledge management, J. Disaster Res. 15 (7) (2020) 868–877. 
[74] T.M. Toole, M. Hallowell, P. Chinowsky, A tool for enhancing innovation in construction organizations, Eng. Proj. Organ. J. 3 (1) (2013) 32–50. 
[75] S. Cicmil, A. Nicholson, The role of marketing function in operations of a construction enterprise: misconceptions and paradigms, Manag. Decis. 36 (2) (1998) 

96–101. 
[76] Y.L. Lee, A.R. Hamzah, C. Wang, An exploratory study of the effect of entrepreneurship and networking to the innovative performance of construction SEMs, 

Malaysian Const. Res. J. 21 (1) (2017) 1–16. 
[77] Y.E. Spanos, S. Lioukas, An examination into the causal logic of rent generation: contrasting Porter’s competitive strategy framework and the resource based 

perspective, Strat. Manag. J. 22 (2001) 907–934. 
[78] J.S. Armstrong, T. Overton, Estimating non response bias in mail surveys, J. Market. Res. 14 (1977) 396–402. 
[79] H.N. Nasution, F.T. Mavondo, Organizational capabilities: antecedents and implications for customer value, Eur. J. Market. 42 (3/4) (2008) 477–501. 
[80] L.A.G. Oerlemans, J. Knoben, Configurations of knowledge transfer relations: an empirically based taxonomy and its determinants, J. Eng. Technol. Manag. 27 

(2010) 33–51. 
[81] R. Hurley, T.M. Hult, Innovation, market orientation, and organizational learning: an integration and empirical examination, J. Market. 62 (1998) 42–54. 
[82] M. Song, J. Xie, Does innovativeness moderate the relationship between cross-functional integration and product performance? J. Int. Market. 8 (4) (2000) 

61–89. 
[83] H.T. Keh, T.T.M. Nguyen, H.P. Ng, The effects of entrepreneurial orientation and marketing information on the performance of SMEs, J. Bus. Ventur. 22 (2006) 

592–611. 
[84] J.B. Sorensen, T.E. Stuart, Aging, obsolescence, and organizational innovation, Adm. Sci. Q. 45 (1) (2000) 81–112. 
[85] J. Nunnally, Psychometric Theory, McGraw-Hill, New York, 1978. 
[86] C. Fornell, D. Larcker, Evaluating structural equation models with unobservable variables and measurement error, J. Market. Res. 18 (1981) 39–50. 
[87] J. Hair, R. Anderson, R. Tatham, W. Black, Multivariate Data Analysis, Prentice Hall, Upper Saddle River, 1998. 
[88] J. Hulland, Use of partial least squares (PLS) in strategic management research: a review of four recent studies, Strat. Manag. J. 20 (1999) 195–204. 
[89] W.W. Chin, The partial least squares approach to structural equation modeling, in: G.A. Marcoulides (Ed.), Modern Methods for Business Research, Lawrence 

Erlbaum Associates, Mahwah, NJ, 1998, pp. 295–336. 
[90] L. Breiman, J.H. Friedman, Estimating optimal transformations for multiple regression and correlation, J. Am. Stat. Assoc. 80 (1985) 580–598. 
[91] R.F. Falk, N.B. Miller, A Primer for Soft Modelling, The University of Akron, Akron, OH, 1992. 
[92] Construction Research and Innovation Strategy Panel (CRISP), Creating Climate of Innovation in Construction, CRISP Motivation Group, HMSO, London, 1997. 
[93] A. Azadegan, S.M. Wagner, Industrial upgrading, exploitative innovations and explorative innovations, Int. J. Prod. Econ. 130 (1) (2011) 54–65. 
[94] R. Grewal, P. Tansuhaj, Building organizational capabilities for managing economic crisis: the role of market orientation and strategic flexibility, J. Market. 65 

(2001) 67–80. 

C. Wang et al.                                                                                                                                                                                                          

http://refhub.elsevier.com/S2405-8440(23)00593-5/sref68
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref69
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref69
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref70
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref70
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref71
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref72
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref72
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref73
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref73
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref74
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref75
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref75
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref76
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref76
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref77
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref77
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref78
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref79
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref80
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref80
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref81
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref82
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref82
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref83
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref83
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref84
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref85
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref86
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref87
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref88
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref89
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref89
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref90
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref91
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref92
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref93
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref94
http://refhub.elsevier.com/S2405-8440(23)00593-5/sref94

	Structured mathematical modelling on innovation management in project-oriented small construction firms
	1 Introduction
	1.1 Entrepreneurship and networking
	1.2 Entrepreneurship and networking in construction innovations
	1.3 Entrepreneurship and innovation
	1.4 Networks and innovation
	1.5 Organizational performance and innovation
	1.6 Research methods and procedures
	1.7 Data interpretations and results
	1.8 Measurement model
	1.9 Structural model development

	2 Discussions and limitation
	3 Conclusions and recommendation
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Appendix A Supplementary data
	References


