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Abstract 

This paper investigates the role of tangible IT infrastructure assets –the portfolio of specific 
applications to which a firm endows itself – in enabling organizational agility and business 

performance in the context of SMEs. Building upon past literature, we regroup tangible IT 
infrastructure assets into three categories: IT for flexibility, IT for innovation, and IT for integration. 

Each category includes a series of specific technologies (i.e., CNC, CAD and ERP). We theorize that 

tangible IT infrastructure assets positively influence organizational agility and business performance. 
We employ a survey methodology to test the proposed hypotheses. One hundred and twenty-six 

manufacturing SMEs completed the survey. The results support the hypothesized relations. This 
research complements previous research that has studied intangible abstract constructs as 

antecedents of organizational agility, it confirms the results of past research examining the agility-

business performance link, and it addresses the scarcity of strategic IS research in SMEs.  

Keywords: performance, agility, strategy, capability, technological infrastructure. 
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1 Introduction 

In today’s turbulent environments, businesses need to be agile in order to adapt quickly in the face of 

change while they also need to exhibit endurance for long-term sustainability. In this scenario, it is not 

surprising that professional publications give tips on how to increase organizational agility (Baker 

2019), on the change management and leadership skills necessary for organizations to become agile 

(Oss 2019a, 2019b), and on the key role of information technology (IT) in enabling businesses’ agility 

(“Organizational Agility, Keep It Lean” 2019).  

As a reflection of this, the strategic Information Systems (IS) literature focuses on how IT enables 

firms’ organizational agility, among other organizational capabilities, and business performance (e.g., 

Bharadwaj 2000; Chae et al. 2014; Chen 2012; Chen et al. 2014, 2015; Liu et al. 2013). Thus, 

organizational agility, defined as “the ability to detect and respond to opportunities and threats with 

ease, speed , and dexterity” (Tallon and Pinsonneault 2011, p. 464), is one way in which IT resources 

influence firm performance (Sambamurthy et al. 2003). Different IT resources have been identified as 

antecedents of organizational agility, such as IT competencies (Chakravarty et al. 2013), knowledge 

assets (Côrte-Real et al. 2017), IT ambidexterity (Lee et al. 2015), IT infrastructure related assets 

(Fink and Neumann 2009; Liu et al. 2013), and business intelligence and communication technologies 

(Park et al. 2017).  

With a few exceptions (e.g., Lu and Ramamurthy 2011; Roberts and Grover 2012), the majority of 

these studies, while studying different (although sometimes overlapping) constructs, have one thing in 

common: the operationalization of the construct is always an abstract mental representation of the IT 

resource in question (e.g., Chakravarty et al. 2013; Côrte-Real et al. 2017; Fink and Neumann 2009; 

Ghasemaghaei et al. 2017; Lee et al. 2015; Liu et al. 2013; Mikalef and Pateli 2017; Park et al. 2017; 

Tallon and Pinsonneault 2011). This occurs despite the fact that, in some occasions, the name of the 

construct might be perceived as a tangible IT infrastructure asset such a specific information 

technology. For example, Lee et al. (2015) explore IT ambidexterity, composed of IT for exploitation 

and IT for exploration, which they operationalize as a self-perceptual measure that captures the 

reutilization of legacy systems (i.e., exploitation) and the experimentation with new IT (i.e., 

exploration). There is high value in capturing abstract representations of technology, and so it is 

helpful to tell enterprises, for example, that, in order to be agile, they need to nurture both the capacity 

to reuse older systems and the capacity to experiment with novel technologies. This focus on abstract 

theoretical concepts, however, has left unexplored other IT resources that represent more concrete and 

tangible aspects of technology. As a consequence, the role of tangible IT infrastructure assets such as 

an ERP or CAD/CAM system in enabling organizational agility, has, for the most part, been ignored. 

Calls have thus been made to fill this first research gap through more studies on how specific 

technologies enable organizational capabilities such as organizational agility (Ortiz de Guinea and 

Raymond 2020).  

Second, the overwhelming majority of studies have either focused on large enterprises (e.g., Lee et al. 

2015; Lu and Ramamurthy 2011), studied both large and small and medium enterprises (SMEs) 
simultaneously (e.g., Ghasemaghaei et al. 2017; Liu et al. 2013), or appeared not to provide 

information about the size of the sampled enterprises (e.g., Chakravarty et al. 2013; Park et al. 2017; 
Roberts and Grover 2012). There are two reasons for which this might be problematic. First, prior 

management studies have demonstrated that differences in organizational size affect performance 

outcomes (Benito-Osorio et al. 2016; Hong and Oxley 2016; Hwang et al. 2015), so conclusions 

drawn from samples composed of large enterprises might not be generalizable to SMEs. Second, 

SMEs are critical for any country’s economy. In Spain, the context of this study, SMEs encompass 

99.6% of all enterprises and employ 53.4% of the total number of working individuals (Cifras PyME: 

Datos Abril 2019 2019). Hence, there are calls for research on the strategic management of IT in the 

specific context of SMEs (Street et al. 2017). 
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Third, environmental uncertainty, although having been identified as the fundamental problem with 

which managers must deal with (Kearns, & Lederer, 2004), has often been ignored in studies 

investigating the value of IT for different performance outcomes (e.g., Chae et al. 2014; Ray et al. 

2005; Wang et al. 2012). Some have characterized as ‘surprising’ this lack of attention to the 

environment in which firms operate (Pezeshkan et al. 2016) since environmental uncertainty critically 

conditions managers’ decisions and actions (Miller 1993) and thus, the level and extent of IT adoption 

and assimilation in organizations (Abdul Hameed and Counsell 2012). 

In order to address these three gaps, the objective of this paper is to study how tangible IT 

infrastructure assets influence organizational agility and business performance in manufacturing 

SMEs, taking into consideration environmental uncertainty under which these firms operate. More 

specifically, and in order to provide a more complete nomological network, we also investigate 

environmental uncertainty as an antecedent of tangible IT infrastructure assets and organizational 

agility, as well as the link between organizational agility and performance.  

The rest of the paper is organized as follows. First, we start with the theoretical background where we 
develop our research model and hypotheses; herein, we also review the literature on IT resources as 

antecedents of organizational agility. Second, the methodology in the form of a survey is explained. 

Third, the results are presented. Finally, the paper ends with discussion of this research contributions 

and future avenues for research. 

2 Theoretical background 

2.1 Environmental uncertainty 

Environmental uncertainty, in general, is understood as the extent to which the business environment 

in which firms operate is perceived to remain unchanged or to be in constant evolution (Duncan 1972). 

Three main dimensions characterize environmental uncertainty: dynamism, heterogeneity, and 

hostility (Aragón-Correa and Sharma 2003; Mikalef and Pateli 2017; Miller and Friesen 1983). 

Dynamism refers to the rate and unpredictability of the changes that occur in the environment 

(Mikalef and Pateli 2017). Heterogeneity deals with the diversity and complexity of the market in 

which firms operate (Mikalef and Pateli 2017). Finally, hostility captures both the level of competition 

and the scarcity of key resources in the environment (Mikalef and Pateli 2017). Environmental 

uncertainty is a key factor influencing the different decisions and actions taken by managers in their 

firms (Miller 1993). Decisions such as which technologies to invest in, adopt, and use within a 

business enterprise are thus influenced by the degree of environmental uncertainty such enterprise 

faces (Abdul Hameed and Counsell 2012). Thus, firms adopt and use different technologies either in 

reaction to environmental demands or to take advantage of environmental opportunities (Damanpour 

and Schneider 2006). In a nutshell, it is believed that the greater uncertainty in the environment, the 

greater the adoption and use of IT. Thus, several studies have demonstrated that higher 

competitiveness and uncertainty in an environment exert considerable influence on the adoption and 

use of different tangible IT assets, such as EDI (electronic data interchange) (Iacovou et al. 1995; 

Premkumar et al. 1997; Premkumar and Ramamurthy 1995) or ERP (Chang et al. 2012). As a result, 

Hypothesis 1: Environmental uncertainty positively influences the extent of tangible IT 

infrastructure assets in use.  

Environmental characteristics also influence organizational forms and abilities(Sherehiy et al. 2007). 

For example, in relatively static and predictable environments, organizations become ore mechanistic, 

whereas in unstable and unpredictable environments, organizations adopt organic forms or designs 

that allow them to develop the agility necessary to survive, respond, and adapt (Sherehiy et al. 2007). 

In other words, environmental uncertainty motivates organizations to become agile, that is, to seize 

opportunities in the environment, to detect threats, and to respond quickly to such opportunities and 

threats (Zhang and Sharifi 2000). The variety of environmental pressures that a firm experiences, 
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drives it to develop agility in order to both deal and take advantage of such pressures (Zhang and 

Sharifi 2000). Consequently, the more uncertainty faced by firms, the higher their organizational 

agility: 

Hypothesis 2: Environmental uncertainty positively influences organizational agility.  

2.2 Tangible IT infrastructure assets 

To understand the concept of tangible IT infrastructure assets and its relation to organizational agility 

and business performance, it is important to review the literature on IT resources. Thus, in this section, 

we review this literature and then provide the rationale for linking tangible IT infrastructure assets to 

organizational agility and business performance. 

2.2.1 IT resources and tangible IT infrastructure assets 

According to Piccoli and Ives (2005), IT resources include IT assets and IT capabilities. At the same 

time, IT assets and IT capabilities have different components that have been identified in the literature. 

For example, IT capabilities are intangible assets developed in order to deal with the unique challenges 

that are inherent to different technologies, and include among others: a) technical skills (i.e., “the 

ability to design and develop effective information systems” , Piccoli and Ives 2005, p. 756); b) IT 

management (i.e., the ability to envision innovative and feasible technological solutions to business 

problems, provide leadership for the IS function, evaluate different technology options, and manage IT 

projects, Mata et al. 1995) ; and c) relationship asset (i.e., a respectful and trusting relation between the 

IS function and the business that enables both IS specialists and users to work together effectively 

(Piccoli and Ives 2005). For example, the IT capabilities investigated as antecedents of organizational 

agility include IT competencies (Chakravarty et al. 2013), IT enabled dynamic capabilities (Mikalef 

and Pateli 2017), and the alignment between IS and business strategy (Tallon and Pinsonneault 2011).  

In contrast, IT assets that are available to the firm include IT infrastructure assets and information 

repositories (Piccoli and Ives 2005). The firm’s IT infrastructure is the portfolio of systems and 

applications available to it (Broadbent and Weill 1997; Piccoli and Ives 2005), while information 

repositories are a collection of logically related data organized in a way that can be accessed and 

utilized for decision-making (Piccoli and Ives 2005). In practice, research to date has not differentiated 

between information repositories and IT infrastructure assets, and has included the former into the 

latter. In any case, although the notion of IT infrastructure assets appears to have a tangible orientation 

with a focus on concrete and specific technologies, it is often operationalized as intangible IT assets 

that focus more on the tasks that technology, in general, affords. 

For example, Chakravarty et al. (2013) studied IT competencies as including both the firm’s IT 

infrastructure and IT capabilities. While IT capabilities comprised technical and management skills, IT 

infrastructure was defined as including technological physical assets (Chakravarty et al. 2013). 

However, the operationalization of IT infrastructure did not encompass specific systems or 

applications but rather four items that measured the degree of investments in and emphasis on state of 

the art IT infrastructure and on planning for the renewal of IT assets (Chakravarty et al. 2013). 

Likewise, Fink and Neumann (2009) focused on different IT infrastructural elements, such as IT 

compatibility, which was operationalized through five items that measure the extent to which different 

systems are compatible with one another. In a similar vein, Ghasemaghaei et al. (2017) investigated 

data analytics’ use and operationalized the construct as the extent and means to which a firm use data 

analytics tools without ever specifying what tools these might be. Finally, Liu et al. (2013, p. 1455) 

focused on flexible infrastructure as “the firm’s ability to establish a complete set of technological 

resources, which provides the foundation for the development of IT applications”. This flexible 

infrastructure was operationalized as a four-item scale that evaluated the connectivity, compatibility 

and modularity of the firm’s IT infrastructure, without identifying any specific system or application.  
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Two studies, however, have operationalizations that identify concrete technologies or specific tangible 

IT infrastructure assets. Thus, Lu and Ramamurthy (2011, p. 936) focused on IT infrastructure 

capability and one of its components was IT infrastructure capability, defined as the extent to which a 

firm “provides a globally integrated platform that enforces standardization and integration of data and 

processes”. The operationalization of this last construct identified the relative performance of a firm in 

using different infrastructure technologies such as data management services and architecture, network 

communication services, application portfolio and services (e.g., ERP) and other technologies (e.g., 

servers, large-scale processors, etc.) (Lu and Ramamurthy 2011). In a similar vein, Roberts and 

Grover (2012, p. 265), focused on web-based customer infrastructure tools that encompass the “online 

mechanisms that organizations can adopt to interact with customers in order to support different 

customer NPD roles”. They measured such construct by asking respondents whether their organization 

had specific web-based tools made available to customers through their website, and then through a 

series of operations they calculated an index to capture the web-based resource infrastructure for each 

firm (Roberts and Grover 2012).   

With this paper, we hope to contribute to these studies and investigate how tangible IT infrastructure 

assets, that is, specific technologies, enable organizational agility and business performance. By 

focusing on specific technologies, we believe the results of this research will be highly useful to 

practitioners as they will offer insight into the convenience or not of investing in certain technologies. 

Recent research agrees and thus, there are calls for studying how different specific technologies enable 

(or disable) the wide range of organizational capabilities needed by business firms to compete 

successfully (Ortiz de Guinea and Raymond 2020). 

2.2.2 Tangible IT infrastructure assets, organizational agility, and business 
performance 

Manufacturing firms, the context of this study, represent organizations in which different and diverse 

tangible IT infrastructure assets are daily utilized. Although rather scarce, the literature on these firms 

has provided categorizations of tangible IT infrastructure assets (Hoon Yang et al. 2007; Kotha and 

Swamidass 2000; Raymond and Croteau 2009). Such categorizations have grouped information 

technologies based on their enablement of related activities or processes (Hoon Yang et al. 2007; 

Kotha and Swamidass 2000; Raymond and Croteau 2009). After reviewing this literature and previous 

categorizations of IT, Uwizeyemungu et al. (2018) grouped IT infrastructure assets into three main 

categories: IT for flexibility, IT for innovation, and IT for integration. First, IT for flexibility regroups 

technologies such as computer numerical control (CNC) or automated handling, which, embedded in 

product service production processes, provide greater flexibility to such processes, hence their name 

(Uwizeyemungu et al. 2018). Second, IT for innovation encompasses technologies employed for the 

design of new products or services such as computer-aided design (CAD). Finally, IT for integration 

includes transactional and administrative applications whose role is to facilitate coordination (e.g., 

EDI and Intranets) or to increase efficiency through business and system integration (e.g., ERP, MRP). 

Following such categorization, we specify IT infrastructure assets as a formative construct composed 
of IT for flexibility, IT for innovation, and IT for integration. More specifically, following Roberts and 

Grover (2012), each set of technologies represents an index variable capturing the total number of the 

technologies in each category in use in a given firm. In this way, the three IT categories capture 
different aspects of the construct, and as such the construct is specified as formative (Petter et al. 

2007). Table 1 offers a view of all the technologies regrouped by category.  

We theorize that tangible IT assets, formed by the three categories, positively influence both 

organizational agility and business performance (see Figure 1). In general, firms, by acquiring, 

developing, and utilizing different IT applications, increase their repertoire of feasible responses to 

environmental changes (Fichman 2004; Richardson et al. 2014; Tallon et al. 2016), which makes their 

IT infrastructure a platform for organizational agility and performance (Sambamurthy et al. 2003). For 

example, flexibility, a property of agile organizations, hinges on the successful implementation of 
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advanced manufacturing technologies such as computer numerical control (CNC), automated 

handling, and applications for logistics and optimization (Vastag et al. 1994). Such applications serve 

to better stream internal and external processes for production and distribution. For example, CNC 

allows for the automatic control of manufacturing tools via computer systems which makes the 

manufacturing process more flexible, precise, and efficient. Automated handling creates value for the 

organization via a more flexible management and control of inventory, while applications for logistics 

and optimizing also influence agility by providing a better and more flexible management of the 

downstream and upstream processes of a given firm, supporting agility in manufacturing 

(Gunasekaran and Yusuf 2002), and ultimately, business performance.  

Tangible IT infrastructure assets used in manufacturing SMEs Item in the 

operationalization of 

the category 

IT for flexibility Logistics / Optimization (e.g., routing, loading, distribution) ITFlexibility1 

Computer Aided Maintenance ITFlexibility2 

Computer Numerical Control (CNC) ITFlexibility3 

Automated handling ITFlexibility4 

IT for innovation CAD / CAM (computer aided design, computer aided 

manufacturing) 

ITInnovation1 

Computer modelling /Simulation ITInnovation2 

Rapid prototyping applications ITInnovation3 

IT for integration MRP / MRP II / ERP (enterprise resource planning) ITIntegration1 

CRM (customer relationship management) ITIntegration2 

External communication network (e.g., extranet, EDI) ITIntegration3 

Internal communication network (Intranet) ITIntegration4 

Mobile computing (e.g., cloud computing) ITIntegration5 

Table 1. Tangible IT infrastructure assets grouped by their three dimensions. 

 

 

Figure 1. Research model. 

Technologies encompassed into the category of IT for innovation also appear to be positive for 

organizational agility. The technological enablers that allow a manufacturing business to become agile 

include CAD /CAM, rapid prototyping and computer modelling and simulation applications (Vinodh, 

Devadasan, and Shankar 2010; Vinodh, Devadasan, Vasudeva Reddy, et al. 2010). For example, 

interactive CAD systems, apart from generating designs with repetitive accuracy, offer the advantage 
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of easy modification of design to satisfy customer’s specific requirements (Sarcar et al. 2008). Such 

applications allow for the exploration of new product opportunities (Ortiz de Guinea and Raymond 

2020) and thus, for quickly switching over to new products in order to reduce the time to reach the 

market, allowing organizations to adapt to customer demands more easily (Gunasekaran and Yusuf 

2002; Thilak et al. 2018). All in all, these technologies allow for the fast launching of new product 

models and rapid adjustment of manufacturing systems to meet market demands (Mehrabi et al. 2000) 

in order to ensure business performance.  

Finally, IT for integration encompassing enterprise systems (ES), such as ERP and CRM, external and 

internal communications networks, and mobile computing are believed to increase organizational 

agility (Davenport 1998) by speeding up activities, allowing integration, and enabling collaborations 

and distributed operations (Huang and Nof 1999). ES allow for three different types of integration that 

can facilitate organizational agility: vertical (i.e., between different hierarchical levels), horizontal 

(i.e., between departments or functions within an organization), and technical (i.e., between different 

systems in order to be compatible with each other) (Seethamraju and Seethamraju 2009), which allows 

for a more efficient collaboration and faster decision-making across functional units by breaking 

traditional ‘silos’ (Liu et al. 2013). Likewise, the confluence of ES with mobile computing and 

different networks allows better collaboration within an organization (Konsynski and Tiwana 2004), 

thus enabling agility. Furthermore, loose coupling, a characteristic of web services (WS), service-

oriented architecture (SOA) and business process management suites (BPMS), is becoming embedded 

in ES (Trinh et al. 2012), making these agility-enabling applications (Chen et al. 2007). For example, 

in a study of fifteen large organizations that have implemented ERP, it was found that the majority of 

organizations, when faced with environmental changes, would look for a response among the prebuilt 

business processes embedded into the ERP (Goodhue et al. 2009). Additionally, the disposition of 

add-ons in such systems, including special functionalities, enable different capabilities that firms can 

utilize to respond to agility challenges, taking into consideration their unique needs (Goodhue et al. 

2009). As a result, we posit that tangible IT infrastructure assets positively influence organizational 

agility and business performance: 

Hypothesis 3: The extent of tangible IT infrastructure assets in use positively influence 

organizational agility.  

Hypothesis 4: The extent of tangible IT infrastructure assets in use positively influence 

business performance.  

2.3 Organizational agility and business performance performance  

It has been theorized that agility can improve a firm’s performance by expanding its repository of 

feasible competitive actions and responses to changes in the environment (Sambamurthy et al. 2003). 

Thus, organizational agility fosters a firm’s ability to respond to environmental challenges in a 

purposeful manner and to develop and offer new or modified quality services and products (Alegre 

and Sard 2015; Cegarra-Navarro et al. 2016). Firms with greater organizational agility do not only 
adjust better to market demands but they also sense environmental threats and opportunities for 

competitive action more easily (Sambamurthy et al. 2003). This adaptive process of sensing and 

adapting is paramount for firms to endure market shifts and facilitate business performance. As a 
result, firms that lack the capacity to be agile are less able to adapt their existing routines and 

processes to the demands of the environment (Cegarra-Navarro et al. 2016), which erodes their 

competitive position and, ultimately, their business performance. Consistent with this theorizing, past 

research has found that organizational agility has a positive effect on firm performance (Cegarra-

Navarro et al. 2016; Mikalef and Pateli 2017; Tallon and Pinsonneault 2011). As a result, we posit 

that: 

Hypothesis 5: Organizational agility positively influences business performance. 



Ortiz de Guinea & Raymond / IT infrastructure assets and agility 

 

 

The 13th Mediterranean Conference on Information Systems (MCIS), Naples, Italy, 2019 8 

 

 

3 Methodology 

The methodology of this study takes the form of a survey. This survey was administered via telephone 

to manufacturing SMEs in Spain, randomly taken from a database of Spanish enterprises. The 

respondents were functional managers who had extensive knowledge of the tangible IT infrastructure 

assets in use and of the business growth and financial situation of their firm. The response rate was 

8.9%, resulting in a sample size of 126 SMEs. The sampled firms’ mean age was 34 years and their 

mean size was 100 employees. The majority of firms belong to industries requiring high technical 

knowledge such as the chemical industry (10.3%) or industries encompassing the manufacturing of 

machinery (13.5%), metallic products (12.7%), or motor vehicles (7.9%). 

The different constructs included in this study were measured as follows. In terms of tangible IT 

infrastructure assets, and taking Uwizeyemungu et al. (2018) as a starting point, we asked respondents 

to whether they used each of the different technologies grouped under IT for flexibility, IT for 

innovation, and IT for integration (see Table 1). Taking a similar approach to that of Roberts and 

Grover (2012), the sum of the use/not use (i.e., 1/0) of each technology gave an index measure to each 

of the three dimensions of tangible IT infrastructure assets. As explained above, tangible IT 

infrastructure assets represent a formative construct and thus, were operationalized as such. The other 

research constructs were specified as reflective because each item of each measure captured the 

underlying nature of its respective construct (Petter et al. 2007). Thus, organizational agility was 

measured with 8 items adopted from Tallon and Pinsonneault (2011). Business performance was 

measured by 8 items adopted from Croteau and Raymond (2004) that ask about the growth and 

profitability of a given firm relative to other comparable firms. Environmental uncertainty was 

operationalized as a second order construct and each dimension, dynamism, heterogeneity, and 

hostility, was measured by 4, 3, and 5 items respectively adopted from Mikalef and Pateli (2017)1. All 

items forming the reflective constructs employed a Likert scale from 1 to 5. Finally, firm size was 

included as a control variable, and simply captured the number of full-time employees or equivalent of 

the firms composing the sample.   

Because the original items from the literature were in English, and Spain was the context of this study, 

a Spanish version of all the items was elaborated following the guidelines of blind back-translation 

suggested by cross-cultural research methodologists to assure measurement invariance (Brislin 1976). 

That is, the original English version of the measures was translated to Spanish by a first translator. A 

second translator translated the version in Spanish back into English. Then, two independent English 

native speakers compared the original version in English to that resulting from the translation in 

Spanish. No substantial differences between the two English versions were reported.  

After this and before the administration of the questionnaire, a pretest took place with 9 Spanish 

individuals: 4 graduate students, 1 professor, and 4 SME owners. The purpose of the pretest was to 

make sure that the participants understood and could easily answer the questions, and that potential 

wording artifacts were reduced (Dillman 2011). Each pretest was followed by an evaluation of the 

feedback from the tester, and by a decision on how to address the tester’s comments. 

4 Results 

We analyzed the data with the SmartPLS3 software. PLS is a component-based structural equation 

modeling technique that allows for the simultaneous evaluation of the measurement and structural 

models. Thus, we first evaluate the psychometric properties of the measures with the assessment of the 

 

1 Due to space constraints, we cannot provide details of the measures. However, such details are available upon request from 

the authors. 
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measurement model. Then, we evaluate the research model through the examination of the structural 

model. 

4.1 Measurement model 

In order to assess the validity of our formative measure, tangible IT infrastructure assets, we followed 

the recommendations of Cenfetelli and Bassellier (2009). Thus, we first assessed the possibility of 

multicollinearity through the examination of the different indexes’ variance inflator factor (VIF). The 

indexes for IT for flexibility, IT for innovation, and IT for integration had VIFs between 1.075 and 

1.186 (see Table 3), below the recommended threshold of 3.3 (Diamantopoulos and Siguaw 2006). 

Furthermore, the weights of the indexes were significant, although at p<.10 for IT for flexibility and 

IT for innovation. This, however, is not surprising, since with formative measurement, indicators 

compete in explaining their associated construct and thus, there is a limit to the number of indicators 

that can have a significant weight (Cenfetelli and Bassellier 2009). To deal with this issue, one 

recommendation is to consider whether the facets described by the formative indicators tap into a 

single construct by examining the significance of their loadings on that construct (Cenfetelli and 

Bassellier 2009). In this case, all the loadings were significant, and thus, the index items capturing 

each dimension of tangible IT infrastructure assets are interpreted as important and not overlapping. 
 

  

 

VIF Weights Loadings 

IT for flexibility 1.186 0.543† 0.807** 

IT for innovation 1.111 0.400† 0.608** 

IT for integration 1.075 0.485* 0.657** 

†p<.10; *p<.05; **p<.01; ***p<.001 

Table 2. Weights and loadings of formative items on their respective construct.  

The rest of the measures were all reflective, with one of them, environmental uncertainty, 

conceptualized and operationalized as a second-order construct. To deal with this, a mixture of the 

repeated indicator approach and the latent variable scores was applied in two stages (Ringle et al. 

2012). First, the repeated indicator approach was utilized in order to obtain the latent variable scores of 

the first-order constructs. The indicators loaded above the threshold of .70 on their respective 

dimension (dynamism, heterogeneity, and hostility). Second, the latent variable scores became 

manifest variables in the measurement model of the higher order construct. The manifest variables of 

dynamism and heterogeneity loaded above .85 on environmental uncertainty (see Table 3). However, 

hostility loaded below the .70 threshold. As a result, the model was trimmed to drop hostility. It is 

important to note, however, that analyses of the hypotheses were performed with the original model 

and the trimmed one, both leading to similar results.  

Looking at all reflective variables, composite reliability values were greater than the .80 recommended 

guideline (Lance et al. 2006) (see Table 4). All of the latent variables demonstrated AVE (average 

variance explained) scores equal or greater than .50 (Chin 1998). The square root of the AVE of each 

construct was greater than its correlations with any other construct (see Table 4). Finally, all individual 

items loaded higher on their respective construct than on any other construct (see Table 3). 

 

  Agility 

Environmental 

Uncertainty Firm Size 

IT Infrastruc- 

ture 

Business 

Performance 

Dynamism 0.280 0.850 0.069 0.064 -0.136 

Heterogeneity 0.327 0.913 -0.048 0.170 0.033 

BusinessPerformance1 0.133 -0.132 -0.163 0.158 0.754 

BusinessPerformance2 0.274 -0.093 -0.168 0.199 0.781 
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BusinessPerformance3 0.290 0.021 -0.144 0.132 0.748 

BusinessPerformance4 0.210 -0.043 -0.254 0.237 0.819 

BusinessPerformance5 0.322 0.043 -0.12 0.232 0.841 

BusinessPerformance6 0.280 -0.007 -0.18 0.197 0.857 

BusinessPerformance7 0.214 -0.066 -0.142 0.197 0.825 

BusinessPerformance8 0.278 -0.046 -0.081 0.25 0.745 

Table 3. Loadings and cross-loadings. 

  Agility 

Environmental 

Uncertainty Firm Size 

IT Infrastruc- 

ture 

Business 

Performance 

FirmSize -0.098 0.004 1.000 0.245 -0.198 

ITInfrastFlexibilityIndex 0.194 0.082 0.203 0.807 0.237 

ITInfrastInnovationIndex 0.194 0.107 0.077 0.608 0.106 

ITInfrastIntegrationIndex 0.156 0.109 0.214 0.657 0.171 

OrganizAgility1 0.667 0.204 -0.2 0.239 0.207 

OrganizAgility2 0.737 0.187 -0.056 0.183 0.200 

OrganizAgility3 0.819 0.34 -0.155 0.222 0.274 

OrganizAgility4 0.691 0.133 0.041 0.227 0.184 

OrganizAgility5 0.680 0.219 0.031 0.179 0.161 

OrganizAgility6 0.793 0.355 -0.082 0.098 0.276 

OrganizAgility7 0.695 0.213 -0.046 0.206 0.193 

OrganizAgility8 0.521 0.221 0.02 0.114 0.266 

Table 3. Loadings and cross-loadings (continued). 

 
 

  

Composite 

reliability (1) (2) (3) (4) (5) 

(1) Business performance 0.933 0.798         

(2) Environmental uncertainty 0.875 -0.046 0.882       

(3) Tangible IT infrastructure assets - 0.254 0.140  -     

(4) Agility 0.887 0.318 0.346 0.258 0.707   

(5) Firm size - -0.198 0.004 0.245 -0.098 - 

Table 4. Composite reliability, correlations, and square root of AVE on diagonals. 

4.2 Structural model 

The evaluation of the structural model consisted of two assessments: an evaluation of the significance 

of the path coefficients and an examination of the explanatory power of the exogenous constructs. 

Hypothesis 1, which theorized a positive relation between environmental uncertainty and IT is 

marginally supported (at p < 0.10). Hypothesis 2, which posited a positive relation between 

environmental uncertainty and organizational agility is supported. Hypotheses 3 and 4, proposed that 

the extent of tangible IT infrastructure assets in use would positively affect organizational agility and 

business performance respectively, and both are supported. Finally, Hypothesis 5, which proposed a 

positive relation between organizational agility and business performance is also supported. The 

exogenous variables explain 1%, 23% and 18% of the variance of the extent of tangible IT 

infrastructure assets in use, organizational agility and business performance respectively. Finally, the 

control variable, firm size, exerts a significant and negative influence on both business performance 
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and organizational agility (i.e., as firm size increases, business performance and organizational agility 

decrease). 

 

 

Figure 2. Results of the structural model. 

5 Discussion 

Our objective was to investigate how the extent of use of tangible IT infrastructure assets influence 

organizational agility and business performance in the specific context of manufacturing SMEs. Our 

results suggest that the disposition and use of tangible IT infrastructure assets – formed by IT for 

flexibility, IT for innovation, and IT for integration (Hoon Yang et al. 2007; Kotha and Swamidass 

2000; Raymond and Croteau 2009; Uwizeyemungu et al. 2018) – positively influence organizational 

agility. The first category, IT for flexibility, encompasses computer aided maintenance, CNC, 

automated handling, and applications for logistics and/or optimization. The second category, IT for 

innovation includes CAD/CAM, modelling/simulation applications and rapid prototyping. Finally, the 

third category, IT for integration, regroups MRP/MRPII/ERP, CRM, external communication network 

(e.g., extranet, EDI), internal communication network (Intranet) and mobile computing. In positively 

linking these specific technologies to organizational agility and business performance, this paper 

contributes in several ways to IS research. 

We contribute by answering recent calls for research into the identification of specific information 

technologies as enablers (or disablers) of organizational capabilities (Ortiz de Guinea and Raymond 

2020). In fact, except for a few papers (e.g., Lu and Ramamurthy 2011; Roberts and Grover 2012), the 

majority of the literature has concentrated on intangible and abstract representations of IT (e.g., 

Chakravarty et al. 2013; Fink and Neumann 2009; Ghasemaghaei et al. 2017; Liu et al. 2013). While 
we see value in this approach, we believe that identifying specific technologies as positively 

influencing organizational agility provides additional knowledge to IS researchers and is of high 

relevance for IS practitioners. Demonstrating that the disposition and use of specific tangible IT 

infrastructure assets facilitate manufacturing SMEs’ sensing of and responsiveness to environmental 

challenges as well as their growth and profitability offers these firms a specific portfolio of different 

types of specific technologies (e.g., CNC, rapid prototyping, ERP) that they can utilize in hopes of 

improving their agility and performance. Such concrete implications for practitioners are important 

because they provide actionable-items (e.g., the convenience of the adoption and use of technologies 

such as CNC, CAD/CAM and ERP) that are under control of the executive team and which its 

implementation is dependent on each firm’s situation (e.g., its IT expertise, financial situation and top-
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management support for IT,). We thus hope these implications help in bridging the gap between IS 

research and practice (Benbasat and Zmud 1999; Rosemann and Vessey 2008; Straub and Ang 2011).  

The positive effect of environmental uncertainty on the firm’s use of tangible IT infrastructure, 

although statistically significant, is weak (only 1% of shared variance between the two constructs). In 

contrast, our results appear to support the view that environmental uncertainty is a factor that 

motivates organizations to develop their agility, that is, their capability to identify opportunities and 

threats and take opportunity or action in an adequate and timely manner. In other words, stable 

environments foster organizational rigidity, while unstable ones stimulate the attentiveness and 

dexterity of organizations. This supports the idea, hardly tested but widely assumed and especially in 

manufacturing enterprises, that a changing and more unpredictable environment creates the need for 

organizations to become more agile (Zhang and Sharifi 2000).  

Our results demonstrating the positive influence of organizational agility on business performance 

support prior theorizing on how increased agility improves performance by expanding a firm’s wide 

range of competitive moves and responses to environmental changes (Sambamurthy et al. 2003). 
Furthermore, our results are consistent with previous studies who have empirically evaluated this 

relationship (e.g., Cegarra-Navarro et al. 2016; Mikalef and Pateli 2017; Tallon and Pinsonneault 

2011). Besides allowing for better adaptation of business processes, organizational agility also allow 

enterprises to achieve greater process ‘richness’ via better sequencing and coordination of business 

activities along the value chain (Mikalef and Pateli 2017). Something that, according to our results, is 

positively influenced by the use of specific information technologies, that is, technologies regrouped 

under the guise of IT for flexibility, IT for innovation, and IT for integration.  

Our focus on manufacturing SMEs is also a contribution to the literature. Despite the economic 

importance of these firms, they remain under-investigated in IS strategic research (Street et al. 2017). 

Our results thus suggest that, although many manufacturing SMEs lack key resources needed to attain 

stability and efficiency (Orser et al. 2012), their extended use of the specific information technologies 

at their disposal should facilitate their achievement of organizational agility and business performance. 

This is an important insight since SMEs’ are believed to be stabilizers of a country’s economy: 

although their growth is negatively affected during economic crises, this negative effect on growth is 

higher for larger firms (Varum and Rocha 2013). Thus, our results suggest that tangible IT 

infrastructure assets are critical in enabling SMEs to become more agile and thus, capable of dealing 

with changes and shifts in market demands and other environmental conditions.  

5.1 Limitations 

This research, as any other study, is not free of limitations. One clear limitation is the cross-sectional 

nature of our study; as a result, causality cannot be inferred. Second, the manufacturing SMEs studied 

here operate mainly in the chemical industry and manufacturing industries of machinery, equipment, 

and metallic products. Because there is great heterogeneity among SMEs with respect to the market in 

which they operate, future research could focus on investigating how specific information 
technologies enable organizational agility and other organizational related outcomes in industries 

whose environmental uncertainty, knowledge requirements and technical intensity vary more than in 

the firms sampled in this study. Finally, given the low response rate, we cannot assure the 

representativeness of the sample.  

5.2 Future Research 

Apart from the research opportunities stemming from the limitations, other avenues for future inquiry 

exist. In this study, for example, we focused on organizational agility and business performance. 

However, other organizational capabilities exist for which certain specific technologies could be 

critical. In this line, recent research also argues for studies linking specific technologies to different 

dynamic capabilities (e.g., sensing capabilities, learning capability, coordination capability, integration 
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capability) identified in the literature (Pavlou and El Sawy 2010). For example, CAD/CAM and rapid 

prototyping could enable manufacturing SMEs’ learning capability, while networks and ES could 

facilitate these firms’ attainment of coordination and integration capabilities.  

This study has taken a variance approach, however, future studies could rather take a configurational 

approach (El Sawy et al. 2010; Wilden et al. 2016), grounded in complexity theory (Merali et al. 

2012). Such approach differs from the variance one, in that, among on other things, it is not centered 

on estimating the net effects of independent variables as the variance approach does (Ortiz de Guinea 

and Webster 2017); instead, it views independent variables in combination, identifying the different 

combinations of independent variables that enable a given outcome (Ragin 2006). Thus, the 

configurational approach also allows for equifinality, in contrast to the unifinality of the variance 

approach, which means that the same outcome can be reached through different means and starting 

positions (Meyer et al. 1993). This means that different configurations of variables could be equally 

effective in reaching the same outcome (Gresov and Dazin 1997). This approach could be valuable in 

providing firms with different combinations of tangible IT infrastructure assets that they can emulate, 

given their existing IT portfolio, financial health, organizational capabilities and strategic stance.  

5.3 Conclusion 

This research has examined the link between tangible IT infrastructure assets and organizational 

agility, which in turn positively influences competitive performance, in the context of manufacturing 

SMEs. By linking specific tangible IT infrastructure assets to organizational agility in this context, this 

research provides SME managers with a specific portfolio of technologies that they can employ in 

order to increase their firm’s agility. Finally, we also encourage researchers to look at how specific 

technologies enable (or disable) other organizational capabilities, such as organizational learning and 

absorptive capacity, that are believed to influence business performance. 
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