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Abstract: Managers need to better understand how information and communication technologies
(ICTs) lead to informed decisions about the investment and advantages of such technologies. However,
at best, the empirical evidence on the business value of technology is mixed in relation to small
firms. A total of 43 firms satisfied the study’s definition of start-ups. The final survey included
54 questions on access to and use of ICTs, innovation, firm characteristics, as well as the participants’
demographics, of which 11 factors were analyzed as part of this study. We found compelling evidence
to support the positive effects of ICTs on firm-level innovation and performance based on the primary
survey data of 270 small and medium enterprises (SMEs) operating in an Australian regional area.
Moreover, we found that ICT strategies and skills are important factors that drive innovation and the
overall performance of SMEs. In addition, various conditions, such as an agile workplace culture
and international trade, can help firms improve their performance. Young businesses, particularly
start-ups with ICT skills, show an improved innovation capability. However, remoteness appears to
influence innovation negatively for nascent firms. Thus, managers should focus on improving ICT
skills, strategies, and networking that help facilitate tangible ICT investments to foster innovation
and growth.
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1. Introduction
Firms need to improve their internal capabilities to cope with external changes in this
era of digitalization, globalization, and COVID-19. Disruptive information and communication technologies (ICTs), such as the Internet of things, mobile technologies, big data,
and artificial intelligence, continue to influence the firms’ operational environments and
are dramatically reshaping and transforming existing business models [1,2]. New business
opportunities and models continue to emerge using ICTs [2–4]; however, not every business
can leverage these opportunities via technology [5,6]. The mixed results in the business
value of technology across firms are evident in the literature [7,8], which has led to an
ongoing research debate.
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Small and medium enterprises (SMEs) in Australia, which are classified as businesses
with fewer than 20 and 21–200 employees, respectively, account for almost 99.9% of businesses. Small businesses alone account for 93.8% of all employing businesses, employ 44%
of Australia’s workforce, and contribute 35% of Australia’s gross profit [9]. It is observed
that firms are increasingly adopting digital tools across all aspects of their operations to
improve their outcomes as a business, and SMEs are no exception [10–12]. Studies show
that ICT can help firms integrate into global markets through reductions in border operation
costs, facilitating greater access to vital innovation assets [13–15]. Yet, despite the benefits
and opportunities digital technologies bring and the significant increase in uptake in recent
years, many SMEs continue to lag in adoption [4,5,10,16].
During COVID-19, consumers moved dramatically toward online channels, and firms
and industries have responded largely in turn. According to a recent global survey [17],
firms in all sectors and regions have accelerated the digitization of their customer, supply
chain interactions, and internal operations by three to four years due to the pandemic. Despite the spike in ICT adoption among firms, the performance gap persists [18,19]. Returns
from ICTs have never been straightforward and are not limited to simple technological
adoptions. Rather, certain confounding factors can leverage these returns, including firms’
innovation behavior, skills, leadership, and workplace culture [18,20].
Despite the large body of literature, gaps in the understanding of the performance effects
of ICTs on regional firms exist. The present study fills these gaps by considering the case of
the Western Downs Region in Australia. SMEs’ use and performance of ICTs in the Western
Downs Region in Queensland represent an interesting case. The region is a local government
area in Queensland, Australia, with a resident population of approximately 33,000 people and
a gross regional product of AUD 3.9 billion as of June 2018 [21]. Although the accumulated
economic performance of the region has improved over time, a close investigation of the data
indicates that large disparities exist in terms of economic performance across different sectors,
with a shrinking economic contribution from numerous sectors. This finding reflects major
downsides in the region’s economy. The mining boom has masked the new reality for most
economic sectors, with certain ones experiencing sluggish growth. These differences have
implications for the labor market, equitable income, the well-being of the population, future
growth potential, and the sustainability of the regional economy.
This study contributes to the existing literature in three ways. Firstly, to the best of the
authors’ knowledge, the present study is the first of its kind to use firm-level survey data in
the Australian regional context. Secondly, the study analyzes the differences between startups and established firms in terms of the effects of ICT activity on innovation. Lastly, the
study explores additional channels (i.e., organizational culture and ICT skills) to leverage
returns from investment in new technology.
The rest of this paper is organized as follows. The next section summarizes previous
studies related to the present study and develops the research hypotheses. Section 3
describes the research methods used to analyze the data, including data sources, as well as
sampling and estimation techniques. The empirical results are presented in Section 4 along
with the interpretation of the results of the robustness tests. The final section concludes the
study with policy recommendations and future research directions.
2. Literature Review
2.1. The Resource-Based View (RBV) Framework
The resource-based view (RBV) posits that some tangible (capital, assets, ICT, equipment) and intangible (entrepreneurial abilities, skills, patents, R&D activities) resources
have certain qualities that help firms acquire a unique competitive advantage. Many
scholars have applied the RBV across different organizational settings to indicate how the
theory drives competitive advantage for firms [22–24]. For example, although start-ups
face liabilities of newness, smallness, and are pandemic prone [25,26], the ones with a
well-endowed stock of tangible and intangible resources can expand their product lines
into new industries [27].
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RBV has emerged as an influential theory of firms’ strategic choices to attain and
sustain competitive advantage in a dynamic market. Studies show that RBV supports
firms that face serious competition for their products and resources [22,28]. Although
RBV has been applied across different organizational levels, the use of RBV in start-up
studies has been gaining pace [29–31]. Given the resource limitations that often plague
start-up firms, the RBV has been considered a useful framework for analyzing their resources that may offer them some competitive advantage [32]. The application of RBV in
entrepreneurial firms has solely focused extensively on strategic positioning, economic
growth, and internationalization of operations [33].
RBV is crucial for a firm’s growth, as it emphasizes the need for heterogeneity in
the firm’s capability and resources. Studies indicate that proper alignment and rational
use of critical resources impact a firm’s performance in terms of its growth, expansion,
and survival [27,34]. Start-ups and nascent firms with better resource endowments have
greater success rates. For example, with regard to US start-ups, the presence of higher
start-up capital, better entrepreneurial skills in the form of education, and prior experience
contribute positively toward firm survival, leading to higher competitive advantage outcomes [35]. Caseiro and Coelho [34] also explored the effects of business intelligence on
start-ups’ performance in Europe. The study concludes that business intelligence capacities
significantly impact start-ups’ network learning, innovativeness, and performance [34].
Such findings confirm that start-ups need a sufficient endowment of resources to survive
and thrive.
However, to date, much of the research on RBV as a strategic advantage choice for
growth has focused almost entirely on large incumbent firms [22,24]. Adding to this, the
existing literature on RBV that does examine ICT as an innovation strategy for start-ups
does not explore other important channels, such as organizational culture and ICT skills,
through which returns from investment in new technology can be leveraged. Furthermore,
there has been a lack of firm-level data that allow rigorous analysis of how ICT affects
innovation in start-ups, particularly from a regional context. We, therefore, draw upon the
RBV and start-ups literature to build the hypothesis of the study.
2.2. ICT, Innovation, and Firm Performance
Despite certain disagreements, firm-level studies generally provide compelling evidence of the strong positive effect of ICTs on performance [1,36–38]. The effect of ICTs
on the improvement of external and internal communication plays a major role in the
innovation performance of SMEs [39,40]. Furthermore, the use of broadband internet has
been found to have a positive impact on innovation among SMEs [41,42]. Several studies
have reported that ICT assists small businesses in increasing productivity, efficiency, and
performance [37,43–45]. For example, Taştan and Gönel [46] observed a positive impact
of ICT on firm-level productivity in Turkey using a novel longitudinal data set. Similarly,
in a sample of Australian firms, Leviäkangas et al. [47] found a positive impact of ICTs
on firm productivity.
In the context of the COVID-19 outbreak, much research has suggested that the
adoption of digital technologies plays an important role in crisis responses, particularly
among SMEs [48–51]. Guo [49] used a data set from a survey with 518 Chinese SMEs to
examine the relationship between SMEs’ digitalization and their public crisis responses.
The empirical results show that digitalization has enabled SMEs to respond effectively to
the public crisis by making use of their dynamic capabilities. Elsewhere, Akpan et al. [50]
shared that the absence and non-adoption of digital technologies in SMEs explain why
business activities in most developing regions remained shut during the outbreak of SARSCoV-2 and the community lockdown to contain the COVID-19 pandemic. The study
suggests that strategies to survive the ’new normal’ imposed by COVID-19 and fierce
global competition includes a successful adoption of advanced technologies.
The development of the business or strategic networks by start-up enterprises appears to facilitate activity toward important resources that are inclined to result in a strong
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commitment to organizational innovation, thereby increasing a firm’s performance [34,52].
Developing a strategic network, for instance, is equally valuable for small and large businesses [53]. Here, SMEs, especially nascent firms, may not always possess the resources
they need to pursue innovation. Acquiring new knowledge that is offered through networking helps augment the knowledge gaps of existing SMEs through RBV, such that
engaging in upstream and downstream networks may significantly lift a nascent firm’s
performance [54]. That is, network connections enable new relational platforms for firms,
thus harnessing innovation via learning and knowledge acquisitions [55–58].
Innovative capacity appears to be important to the success of family firms because it
fosters entrepreneurial activities that can enhance profitability [58–60]. However, despite
strong evidence of the positive link between innovation and firm performance, not all
research is supportive of this conclusion [61,62]. This is because while some start-up firms
quickly develop their product offerings, other nascent SMEs may need significant time
developing their innovation and ICT skills, e.g., technology-driven intervention to create a
new product, process, and business model [63,64]. Additionally, some nascent firms are
business incubators and accelerators in protective intellectual property environments that
depend on strategic networking and trust [65,66], given that different types of network
participation, such as formal industry networks [67] and informal social interactions [68],
take longer to develop [64] and to culminate in higher performance.
Moreover, the literature argues that SMEs are likely to boost their performance through
improved internationalization because they have the advantage of economies of scale, competitiveness, improved resource utilization, better services, and a variety of government incentives [69,70]. There are also comparative advantage claims that SMEs with international
exports are more likely to have improved performance than those without internationalization [71]. However, SMEs face a liability of foreignness when competing in international
markets owing to information scarcity, lack of expertise, and managerial incompetence,
thereby suffering from scale and resource disadvantages [72–74]. In addition, a number of
studies have determined the positive contributions of an agile and flexible organizational
culture on a firm’s performance [75–77]. This finding is consistent with previous studies
that found firms obtain a competitive advantage through the implementation of innovative strategies to exploit opportunities. For instance, the more ambidextrous and nascent
SMEs—firms that can simultaneously exploit existing knowledge while exploring new
knowledge and ideas [78,79]—could be expected to foster increased innovation capabilities
through the production, promotion, and implementation of new products and services.
Recent studies have found that IT systems strongly influence ambidexterity performance
when the right IT mechanisms are enabled [80] and that to fully leverage IT capability,
SMEs need to invest in managerial and technical capabilities [81].
Recent Australian studies have claimed that inequalities exist in ICT activities in less
technologically advanced communities compared with their metropolitan
counterparts [82–85]. Taken together, these studies confirmed that demographic, political,
and socioeconomic factors account for such a disparity. ICT inequality is evident between SMEs and large firms in rural Australia compared with those in major metropolitan
cities [86,87]. ICT activity in metropolitan and other areas in Australia shows improvement,
but compared to the situation elsewhere, inequalities in the access to ICTs in rural and
remote areas continue to exist [88,89]. We believe this is particularly alarming within a
regional context and should be reversed through relevant policy settings by implementing
industry and government initiatives, and by giving greater prominence to the role of ICT
or technology-driven innovation. For instance, recent research shows that innovation outcomes, e.g., new exploration and SME performance, can be directly attributed to how SMEs
acquire and use ICT applications, such as cloud services [90], while a positive influence
has been found between SMEs’ strategic networks offline (in person) knowledge sharing
among managers representing networked organizational actors and performance [58].
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2.3. Start-ups, Innovation, and Performance
In light of COVID-190 s far-reaching impact on all areas of life, and especially on the
economy and business sector, studies have indicated that some firms have thrived and
even accelerated, while others, such as small businesses and start-ups, face significant
decline [26]. Start-ups tend to be more concentrated in sectors that have been directly
affected by the COVID-19 response measures and are typically more credit constrained
than larger businesses [91]. However, studies show that the epidemic and the resulting
lockdowns have accelerated and magnified the impact that technology can have on some
organizations’ business models, particularly start-ups [26,27].
In regional economies, despite the threats posed by the COVID-19 pandemic, start-up
enterprises are assumed as sources of innovation, job creation, and economic development [92,93]. Start-up enterprises have emerged as a driving force of change and are
regarded as an engine for economic growth [94,95]. Furthermore, while innovation is an
important driver for the advancement and survival of start-ups, established firms perceive
innovation as a continuous action within their business model due to the ICT disruptions
and threats [96]. In this regard, the higher the variety in the combination of ICTs in a region,
the higher the number of innovative start-up enterprises [97]. Therefore, the diffusion of
ICT creates an environment where start-ups can boost their innovation activities. However,
research that explores the innovation practices of start-ups with those of mature firms is
limited. Studies that have undertaken this comparison have mostly focused their arguments on the effects of a firm’s age on its innovativeness [98–100]. For example, one study
explored how the relationship between knowledge maturity and innovation value depends
on firm age and size and found that mature and larger firms have greater capability to
outperform younger ones by employing mature knowledge to be more innovative [100].
The differences between start-ups and established firms in terms of the impact of ICT on
innovation have not yet been unveiled, particularly from a regional perspective.
To summarize, previous studies have investigated the impact of ICTs on innovation
and firm performance. However, no study has examined the difference between startups and established firms concerning the effects of ICT activities on innovation and firm
performance in a regional context. That is, variations in regional areas have not received
due attention on this topic in the literature. Therefore, a comparative study between startups and established firms on the impact of ICTs on innovation and firm performance, with
a specific focus on regional Australia, is significant. In addition, this research contributes to
the extant literature by exploring additional factors (e.g., culture of an organization and
ICT skills), which may assist in leveraging returns from the investment in new technology.
3. Research Method
3.1. Data and Sample
The data were collected from SMEs operating in the Western Downs Region of Queensland, as illustrated in Figure 1, which is a regional local government area in Australia.
Start-up enterprises were defined in this study as those with an age of five years or less,
with six or fewer employees and the potential to scale up in the future. The rest of the
sample was treated as established firms. From a population of over 2000 businesses in the
region, 1000 businesses were initially selected at random from four local areas, namely,
Chinchilla, Dalby, Murilla–Wandoan, and Tara. The survey instrument was pre-tested
on 20 participants from the study area to check the validity and appropriateness of the
wording, format, and question sequence. The questions were refined based on the pilot
outcomes. The final survey included 54 questions on access to and use of ICTs, innovation,
firm characteristics, as well as the participants’ demographics, of which 11 factors were
analyzed as part of this study.
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Figure 1. Study area map. Source: Western Downs Regional Council, Queensland, Australia.
Figure 1. Study area map. Source: Western Downs Regional Council, Queensland, Australia.
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start-ups, which represented nearly 16% of the entire sample. The constructs measured in
the survey are discussed in the following section.
3.2. Methods
The existing studies have confirmed that ICTs promote a firm’s productivity [36,38].
Furthermore, ICTs enhance innovation by improving the firms’ responsiveness to market
changes and by assisting in the introduction of new products and services [101–103].
Melville et al. [104] aligned previous studies with dynamic capability theory and claimed
that ICTs enhance the efficiency and innovation of a firm with dynamic capabilities, while
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within the RBV framework, strategic networks are an important factor in building ICT
and innovative capability more generally [57,58]. However, an ICT alone cannot augment
organizational performance if it is not applied innovatively (Brynjolfsson and Saunders,
2010). That is, following the proposition of innovation translation theory, an ICT cannot
augment the performance of a firm if organizational resources and work processes are not
improved or altered accordingly [105,106].
Two measures of firm performance were used in the present study: (i) innovation and
(ii) a composite measurement of overall financial performance consisting of profitability
and the relative performance of a firm. The two models were hypothesized to relate firm
innovation and performance to ICT skills, workplace culture, international activity, and
remoteness. The rationale behind the selection of these variables was rooted in the theoretical framework of the study (Section 2.1) and the existing literature (Sections 2.2 and 2.3).
Table 1 lists the existing literature on the basis of which the respective variables were selected. Based on the discussions in the preceding paragraph and on the review of literature,
two estimation equations were developed by using the probit regression as follows:
Innovationi = β0 + β1 Firm performancei + β2 ICT skillsi + β3 Culturei
+ β4 Internationalizationi + β5 Remotenessi + β6 Start-upi + β7 (Start-up × ICT skillsi ) + β8 ICT Strategyi + εi
Firm performancei = β0 + β1 Innovationi + β2 ICT skillsi + β3 Culturei
+ β4 Internationalizationi + β5 Remotenessi + β6 No of employees + εi .

(1)

(2)

The dependent variable in Equation (1) was a dichotomous or binary outcome variable.
In Equation (1), innovation was considered to be determined by a firm’s performance, ICT
skills, agile management culture, internationalization, remoteness, start-up status, ICT
strategy, and industry dummies. In addition, the models based on Equation (1) were
estimated by using the probit estimation method, given the dichotomous characteristics of
the data. The outcome variable is defined following a two-step procedure. Firstly, a composite index was formulated to measure the level of innovation activities in an enterprise.
Principal component analysis (PCA) is used to develop a composite measure of innovation
using four indicators reflecting the business’s level of involvement in the product, process,
marketing, and organizational innovation. Each of the innovation indicators was gauged
by the perception of the respondents on respective innovation actions (5-point scale from
1 = ‘greatly decreased’ to 5 = ‘greatly increased’). In the second step, an enterprise is labeled as being innovative if the composite score of innovation index is greater than the
mean value (0.6863), and as not innovative otherwise. The overall financial performance
of firms was proxied with a composite indicator that consisted of two indicators, namely,
profitability and relative performance. Principal component analysis (PCA) was used to
construct a composite index to define the overall financial performance of a firm. PCA
is used to address potential multicollinearity issues in multiple linear regression models
when the covariates are potentially correlated with one another [107]. Moreover, building a
composite index is a more comprehensive approach than modeling equations with single
indicators because it inherits the aggregate effect of all the indicators [108]. In the current
study, ICT skills refer to the level of digital skills of employees required to perform day-today tasks at the workplace. A business enterprise is labeled as a start-up firm if the firm
remained in the business for 5 years with employees of fewer than 6 persons.
The models based on Equation (2) were estimated by using seemingly unrelated
regressions (SUR). The SUR is a suitable method for assessing the impact of an explanatory
variable that has a possibility of jointly determined decisions with one another [109]. This
situation may occur in the present study, as innovation and performance may influence
each other simultaneously. Thus, the estimation of the SUR model can potentially solve
this endogeneity problem [110].
The summary statistics (i.e., mean and standard deviations) are reported in Table 1 for
an overview of the cross-sectional characteristics of the data. Table 1 indicates that the firms’
mean value of innovation (0.5148) was much lower than their profitability score (0.7682, if
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rescaled from 0 to 1). This finding may indicate the problem of regional enterprises with
innovation. The average value of the ICT skills of employees was below the moderate
level, with a mean score of 2.9259. A simple tabulation showed that a significant portion,
43.33% of the staff, had a low level of ICT skills (i.e., scoring below 3 on a scale of 5). The
mean score for ICT strategy was 0.2222, thereby indicating the low profile of regional
SMEs. Furthermore, the data indicated that the majority of the firms (74.07%) operated
their businesses from remote locations. Accordingly, the mean value for remoteness was
high, at 0.7407.
Table 1. The definition of variables, summary statistics, and rationale for selection.
Variable

Definition

Mean

Std. Dev.

Reference

Innovation

A dummy variable indicating whether a firm is
innovative (1) or not (0).

0.5148

0.5007

Gërguri-Rashiti, Ramadani
[37], Yunis, El-Kassar [38]

Profitability

A multinominal categorical variable indicating
the profitability of a firm (3-point scale from 1 =
‘unprofitable’ to 3 = ‘above average profitable’).

2.2556

0.5567

Huang, Lai [111],
Steinfield- et al. [112]

Relative performance

A multinominal categorical variable indicating
(3-point scale from 1 = ‘worse’ to 3 = ‘better’).

2.4000

0.5936

Steinfield et al. [112]

Financial performance

A composite index developed to measure the
level of overall financial performance of a firm
using PCA. It is a composite measure of two
indicators: (i) profitability and (ii) relative
performance. The outcome of PCA is the
composite indicator—the overall financial
performance of a firm (3-point scale from
1 = ‘bad’ to 3 = ‘good’).

2.3278

0.4572

Huang, Lai [111], Steinfield
et al. [112]

ICT skills

A multinominal variable indicates the extensity
of ICT skills of employees required to conduct
day-to-day business activities (5-point scale
from 1 = ‘very low’ to 5 = ‘very high’).

2.9259

1.3990

Yunis et al. [38]

Agile management
culture

Agile management culture is measured on
5-point Likert scale questions. The item is based
on ‘Our work environment is a positive and
friendly place to be’ (5-point scale from 1 = ‘not
true at all’ to 5 = ‘very true’).

3.5185

0.8696

Naranjo-Valencia et al.
[113]

Internationalization

A multinominal variable indicates the share of
revenue of a firm from international export
activities.

2.0370

0.7847

Loth and Parks [114],
Pangarkar [115]

Remoteness

A dummy variable indicating whether a firm is
located in rural and remote areas (1), namely,
Miles, Moraby, Cardamine, Wandoan,
Cockatoo, Tara, Goranba, Teelba, Glenmorgan,
Dillham, and Lenaubyn, or in major town
centers (0).

0.7407

0.4390

Stockdale and Standing
[116]

Start-up

A dummy variable indicating whether a firm
has remained in the business for 5 years with
employees of fewer than 6 persons (1) or not (0).

0.1593

0.3666

Colombelli, Krafft [117],
Katila and Shane [118],
Criscuolo, Nicolaou [119]

ICT strategy

A dummy variable indicating whether a firm
has an ICT strategy (1) or not (0).

0.2222

0.4165

Gërguri-Rashiti, Ramadani
[37], Yunis, El-Kassar [38]

Number of employees

Number of employees currently working in the
enterprise.

8.2963

16.6153

Gërguri-Rashiti et al. [37]
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4. Empirical Results
4.1. Drivers of Innovation
Table 2 demonstrates the probit regression estimates of the determinants of the firms’
likelihood to implement innovation. Three alternative models are estimated. Model 1
is the basic model and includes the industry dummies. Model 2 is estimated by the
inclusion of the industry dummies, while Model 3 includes additional controls, such as ICT
strategy, start-ups, and an interaction term between start-ups and ICT skills. The results
are discussed below.
Table 2. The determinants of firms’ propensity to implement innovation.
Models
Dependent Variable:
Innovation

1

2

3

Coef.

SE

Coef.

SE

Coef.

SE

Financial performance

0.6989 *

0.1873

0.6618 *

0.1909

0.6500 *

0.1911

ICT skills

0.2644 *

0.0608

0.2577 *

0.0616

0.2109 *

0.0706

Agile management culture

0.1720 ***

0.0946

0.1776 ***

0.0956

0.1991 **

0.0973

Internationalization

0.1417

0.1105

0.1467

0.1127

0.1403

0.1118

Remoteness

−0.4161 **

0.1899

−0.4289

0.1946

−0.4657 **

0.1929

Start-up

−0.1953 ***

0.5126

Start-up × ICT skills

0.0728 ***

0.1635

ICT strategy

0.4746 **

0.2181

−2.8330 *

0.5768

Industry agriculture

−0.2996

0.3401

Industry manufacturing

0.5625 **

0.3333

Industry services

0.1921

0.3046

−2.5832 *

0.6449

Constant

−2.9466 *

0.5097

LR chi-squared

53.1000 *

57.1400 *

57.9600 *

Pseudo R-squared

0.1419

0.1528

0.1594

N

270

270

270

Notes: Coef. = Coefficient, SE = Standard error. *, ** and *** indicate statistical significance at the 1%, 5%, and 10%
levels, respectively.

The financial performance of the firms is consistently found to drive innovation,
as the relevant estimates are significant at the 1% level in all three models. Among the
different drivers of innovation, ICT skills and agile management culture are found to
be highly positively significant (at the 1% level). This finding is consistent with previous
studies [13,14]. Remoteness is found to have a negative association with innovation, thereby
indicating that firms operating in remote areas are less innovative than those operating
in town centers. The result is plausible, given the context that remote businesses have
predominantly relied on traditional sectors, such as agriculture, which are less innovative
compared with other sectors, such as manufacturing and services (see estimates of Model 2).
However, the positive effect of internationalization is found to be statistically insignificant
across all specifications. In Model 3, the coefficient related to start-ups is found to be
negative and significant at the 10% level. The results indicate that start-ups are less likely
than mature businesses to be innovative in regional areas. This may partly be explained
by the age and experience of mature firms. That is, more mature firms are more likely to
engage in collaboration in respect of ICT innovations, given that they already understand
the importance of sharing resources and/or learning from other more established businesses
through observation and experience [64,120]. However, the interaction effect of ICT skills
and start-ups is found to drive innovation in firms positively.
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Table 3 reports the SUR estimates of the drivers of firm innovation. The results from
the SUR estimation remain consistent with the probit estimations populated in Table 2.
The estimates in Table 3 reveal that profitable firms with ICT-skilled staff and operating
businesses in regional town centers with better workplace cultures are likely to implement
innovation. The SUR estimates corroborate the baseline findings, thereby indicating that
remoteness negatively affects the innovation performance of start-up enterprises.
Table 3. The determinants of innovation using SUR.
Variables

Dependent Variable: Innovation
Coef.

Robust SE

Financial performance

0.4593 *

0.0613

ICT skills

0.0849 *

0.0205

Agile management culture

0.0443 *

0.0337

Internationalization

0.0320

0.0358

Remoteness

−0.1806 *

0.0651

Start-up

−0.0156 **

0.0774

Constant

−0.8927

0.1791

Chi-squared

101.0000 *

R-squared

0.1452

N

270

Note: * and ** at the 1% and 5%, respectively.

The above results indicate that innovation is endogenously determined by financial
performance, skills, and culture. Financially capable firms, therefore, show a better capacity
(e.g., in terms of resource allocation) to innovate. Consistent with the theory of dynamic
capability, the results support the view of investment in human-capacity-building activities
(e.g., ICTs skills), as this can positively influence the innovation performance of firms [12,104].
Investment in ICT skills is particularly important for the start-ups struggling with innovation
performance in remote and regional areas.
4.2. Drivers of Performance
The SUR estimates of the drivers of firms’ financial performance are populated in
Table 4. Firm innovation and workplace culture appear as significant drivers of improved
performance. This finding is congruent with that of previous studies [6,12]. In terms of
the impact of the firms’ international activities on their performance, the results reveal
that international activities appear to have an insignificant impact on the overall financial
performance of a firm. Though the results from most studies confirmed a positive impact of
internationalization on business performance, scholars urged that the association between
these two variables is more complex within the context of SMEs, especially within early
internationalized enterprises [121,122]. This non-existence of any association between internationalization and business performance could be explained by virtue of how we defined
internationalization in our study. Internationalization consists of both structural (number
of countries where a business operates, number of international franchises, proportion
of foreign suppliers, etc.) and performance indicators (export income, share of export
revenue, and liabilities of foreign suppliers, etc.) [123]. However, in the current study, we
defined internationalization only in terms of performance indicators. In addition, regional
proximity is found to play a key role in driving improved firm performance among regional
SMEs, given that firms operating in major towns perform better than those in rural and
remote areas. The size of a firm, which is measured by the number of employees, is found to
have a significant positive association with the overall financial performance and indicates
that large firms are better placed to exploit new technologies and have a large availability
of resources as well as an increased ability to benefit from economies of scale. ICT-skilled
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staff do not influence firm performance significantly, but an agile management culture does.
Investment in ICTs is therefore found to spur the financial performance of firms indirectly
through the channel of innovation.
Table 4. The determinants of firms’ overall financial performance using SUR.
Variables
Innovation
ICT skills
Agile management culture
Internationalization
Remoteness
Start-up
No of employees
Constant
Chi-squared
R-squared
N

Dependent Variable: Financial Performance
Coef.

SE

0.4066 *
0.0099
0.0421 **
0.0193
0.1875 *
−0.0877
0.0025 ***
1.8147 *

0.0542
0.0202
0.0316
0.0341
0.0615
0.0728
0.0016
0.1343
83.8200 *
0.0978
270

Note: *, ** and *** indicate statistical significance at the 1% and 5%, respectively.

4.3. Robustness Checks
This study employs fully observed recursive mixed-process models in addition to SUR
estimation, which are appropriate for two broad types of estimation situations: (i) one in
which a truly recursive data-generating process is hypothesized and fully modeled; and
(ii) one in which simultaneity exists and instruments allow a structure with a recursive
set of equations, such as the two-stage least squares. The simultaneous estimation of the
innovation and performance equations is enumerated by using conditional mixed-process
models to address the potential endogeneity problem. The empirical results are recorded
in Table 5, and the results are consistent with those of the probit and SUR estimations.
Table 5. Simultaneous estimation of innovation and overall financial performance using CMP model.
Variables
Financial performance
ICT skills
Agile management culture
Internationalization
Remoteness
Start-up
Constant
Variables
Innovation
ICT skills
Agile management culture
Internationalization
Remoteness
Start-up
No of employees
Constant
Log likelihood
LR chi-squared
N

Dependent Variable: Innovation
Coef.

SE

0.6968 *
0.2638 *
0.1743 ***
0.1408
−0.4134 **
−0.0313
−2.9430 *

0.1880
0.0610
0.0960
0.1107
0.1909
0.2293
0.5664

Dependent variable: Financial performance
Coef.

SE

0.2141 *
0.0091
0.0572 ***
0.0290
0.1651 *
−0.0935
0.0027 ***
1.8007

0.0556
0.0203
0.0317
0.0342
0.0615
0.0729
0.0017
0.1343

−154.5615
39.5400 *
270

Note: *, ** and *** indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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5. Conclusions and Recommendations
The aim of this study was to examine the effects of ICTs use on firm-level innovation
and performance based on primary survey data of 270 small and medium enterprises
(SMEs) within a regional area of Australia. The study found that ICT strategies and skills
are important factors that drive innovation and the overall performance of SMEs where
financial performance consistently drives innovation. Here, the key resources included ICTskilled staff and agile management culture. The remoteness of SMEs was found to have a
negative association with innovation when compared to town centers, perhaps highlighting
the preference for agricultural over manufacturing innovation in the more remote regional
areas. Moreover, this finding also lends support to existing research that a one-size-fits-all
approach to the study of innovation in SMEs may not be appropriate [64,102] and that SME
size favors more medium-sized innovative businesses than smaller or nascent businesses
due to the increased networking capability and experiences of these firms [123–125].
This study confirms existing research and makes several new novel contributions to
the SME innovation literature. First, start-up and nascent SMEs lag behind their larger
counterparts regarding the introduction of innovation, suggesting that enterprises with
ICT-skilled staff are more likely to facilitate and implement innovation. This is perhaps
not surprising, given that nascent and early incubator firms are still in their infancy and
have not established the necessary resources and ICT skills and processes required for
technology-led innovation. Second, and in support of existing research, SME size was found
to have a significant positive association with the overall financial performance, suggesting
that larger firms are better placed to exploit new technologies based on the available
resources and economies of scale. Third, the study makes an important contribution to
policy and to the existing literature about Australian regional SMEs that may also be
appropriate for SMEs of other global regions. Given that start-ups are less likely to embrace
innovative activities compared with established firms, capability development measures
and incentives from regional development agencies are required to assist SMEs to build ICT
skills that can help facilitate innovation in relatively new businesses. Specifically, policies
that promote ICT skills and processes can positively impact and drive innovation among
start-ups. Therefore, the Australian government should recast its policies to encourage
start-up enterprises in regional areas, particularly firms in remote areas that are operating
in the early stages of their life cycle. To this extent, our findings support the view that
start-up businesses or SME nascent firms, including early incubators, lack the necessary
economic, social, and structural resources to be innovative. Since start-ups in rural and
regional areas are generally inclined to suffer from a lack of managerial competencies,
finances, and ICT-driven innovation, connecting them to a variety of organizations, such as
innovation hubs and educational as well as financial institutions, can ensure that those in
regional areas receive the required skills and adequate financial support they require.
Fourth, government and local regional industry should search for ways to establish
inter-organizational collaboration across a network of regional partners where prior research has indicated strong innovation outcomes [125–127], much of which could originate
from government and industry funding. For instance, in the current paper, we started
by explaining how SMEs could benefit from the resource-based view. Here, firm tangible
assets refer to all assets, processes, capabilities, firm attributes, information, knowledge
controlled by a firm to increase efficiency and effectiveness [128], while intangible assets
relate to knowledge, information, and ideas [129,130]. While the latter was not the focus of
the current research specifically, linking nascent firms to larger firms and/or larger SMEs to
broader networks can foster innovation, resulting in higher performance for the emerging
nascent firms. Similarly, intangible assets related to knowledge and information are called
knowledge-sharing routines (KSRs) [131,132]. Accordingly, policy settings in regional
areas should indicate how to connect disparate actors, given that strategic networking
potentially advances both RSAs and KSRs across innovating firms, both nascent and larger
SMEs. Using an RBV logic suggests that SMEs can achieve above-average rents through
complementarity and heterogeneous resources that create a resource-based advantage [126].
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More specifically, we see inter-organizational collaboration within a network of partners as
an important driver of innovation performance, consistent with previous research [124,125],
including linking ICT and technology-driven innovative ideas, products, and processes,
particularly in small nascent SMEs.
6. Implications for Future Research
This study has certain limitations that should be an avenue for future research. Firstly,
further research should consider a large sample across different regions to verify the assessment of ICT activity and innovation among start-up enterprises, while future studies
might consider all interaction effects in the estimation equations used in the model. Secondly, this study did not attempt to measure the influence of different types of innovation
in a regional context, which could be considered in future research. For instance, scholars have followed various techniques to foster innovation, such as design-driven [132],
market-driven [131], technology-driven [133], social- or employee-driven [131,132], and
open innovation [134,135], among others. Open innovation [135], as an example, may be
particularly relevant for both nascent and developing SMEs to larger more established
entities, since it provides practice for accessing external knowledge from a diverse typology
of sources and actors [135]. Open innovation has been defined as a distributed innovation
process based on purposively managed knowledge flows across organizational boundaries,
using pecuniary and non-pecuniary mechanisms in line with the organization’s business
model [135]. Therefore, future studies might explore how open innovation together with
technology-driven innovation facilitate strategic networks of complementary RSAs and
KSRs. Taken together, future research might shed light on the relationship between ICT
activity, different types of innovation and the performance of SMEs. Lastly, an examination
of the effect of the adoption of ICT on the innovation and performance of SMEs in different
industry sectors would be useful.
Author Contributions: K.A. designed the study. M.A.A., E.V. and K.A. conducted data cleaning
and analysis and wrote the first draft of the paper. K.A., M.A.A., M.E.-K., M.S., E.V., P.A.M. and
R.W. provided substantial contributions to subsequent drafts and approved the final version of
the manuscript for publication. All authors have read and agreed to the published version of
the manuscript.
Funding: This research was funded by the Western Downs Regional Council and the Australian
Government’s Collaborative Research Networks program.
Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and the ethical approval for this study was obtained from the University of Southern
Queensland Human Research Ethics Committee (Approval Number: H13REA150, and date of
approval: 31 July 2013).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available on request from the
corresponding author.
Acknowledgments: This study is the output of a project, which was supported by the Western Downs
Regional Council and the Australian Government’s Collaborative Research Networks program of
the first author at the University of Southern Queensland. The first author thanks everyone who
participated in the project by completing the survey questionnaires; special thanks to Market Facts
Pty Ltd. in Queensland for conducting the survey. All authors gratefully acknowledge the comments
of reviewers and editors of this manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

Chege, S.M.; Wang, D.; Suntu, S.L. Impact of information technology innovation on firm performance in Kenya. Inf. Technol. Dev.
2020, 26, 316–345. [CrossRef]

Sustainability 2022, 14, 5801

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.

29.

14 of 18

Langley, D.J.; van Doorn, J.; Ng, I.C.; Stieglitz, S.; Lazovik, A.; Boonstra, A. The Internet of Everything: Smart things and their
impact on business models. J. Bus. Res. 2021, 122, 853–863. [CrossRef]
Cristofaro, M. E-business evolution: An analysis of mobile applications’ business models. Technol. Anal. Strateg. Manag. 2020, 32,
88–103. [CrossRef]
Haaker, T.; Ly, P.T.M.; Nguyen-Thanh, N.; Nguyen, H.T.H. Business model innovation through the application of the Internet-ofThings: A comparative analysis. J. Bus. Res. 2021, 126, 126–136. [CrossRef]
Akter, S.; Michael, K.; Uddin, M.R.; McCarthy, G.; Rahman, M. Transforming business using digital innovations: The application
of AI, blockchain, cloud and data analytics. Ann. Oper. Res. 2020, 308, 7–39. [CrossRef]
Upadhyay, N. Demystifying blockchain: A critical analysis of challenges, applications and opportunities. Int. J. Inf. Manag. 2020,
54, 102120. [CrossRef]
Del Gaudio, B.L.; Porzio, C.; Sampagnaro, G.; Verdoliva, V. How do mobile, internet and ICT diffusion affect the banking industry?
An empirical analysis. Eur. Manag. J. 2021, 39, 327–332. [CrossRef]
Zhang, H.; Gupta, S.; Sun, W.; Zou, Y. How social-media-enabled co-creation between customers and the firm drives business
value? The perspective of organizational learning and social Capital. Inf. Manag. 2020, 57, 103200. [CrossRef]
Australian Bureau of Statistics. Counts of Australian Business 8165.0. 2019. Available online: https://www.asbfeo.gov.au/sites/
default/files/Small_Business_Statistical_Report-Final.pdf (accessed on 26 February 2022).
Ali Qalati, S.; Li, W.; Ahmed, N.; Ali Mirani, M.; Khan, A. Examining the factors affecting SME performance: The mediating role
of social media adoption. Sustainability 2021, 13, 75. [CrossRef]
Marion, T.J.; Fixson, S.K. The Transformation of the Innovation Process: How Digital Tools are Changing Work, Collaboration,
and Organizations in New Product Development. J. Prod. Innov. Manag. 2021, 38, 192–215. [CrossRef]
Pizzi, S.; Corbo, L.; Caputo, A. Fintech and SMEs sustainable business models: Reflections and considerations for a circular
economy. J. Clean. Prod. 2021, 281, 125217. [CrossRef]
Kostis, A.; Ritala, P. Digital artifacts in industrial co-creation: How to use VR technology to bridge the provider-customer
boundary. Calif. Manag. Rev. 2020, 62, 125–147. [CrossRef]
Ranta, V.; Aarikka-Stenroos, L.; Väisänen, J.M. Digital technologies catalyzing business model innovation for circular economy—
Multiple case study. Resour. Conserv. Recycl. 2021, 164, 105155. [CrossRef]
Eaton, J.; Jinkins, D.; Tybout, J.R.; Xu, D. Two-Sided Search in International Markets; Working Paper 29684; National Bureau of
Economic Research: Cambridge, MA, USA, 2022. [CrossRef]
Chege, S.M.; Wang, D. The influence of technology innovation on SME performance through environmental sustainability
practices in Kenya. Technol. Soc. 2020, 60, 101210. [CrossRef]
LaBerge, L.; O’Toole, C.; Schneider, J.; Smaje, K. How COVID-19 Has Pushed Companies over the Technology Tipping Point and
Transformed Business Forever. McKinsey & Company. 2020. Available online: https://www.mckinsey.com/business-functions/
strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-andtransformed-business-forever (accessed on 16 March 2022).
Alam, K.; Adeyinka, A.A.; Wiesner, R. Smaller businesses and e-innovation: A winning combination in Australia. J. Bus. Strategy
2019, 41, 39–48. [CrossRef]
Zhou, Q.; Gao, P.; Chimhowu, A. ICTs in the transformation of rural enterprises in China: A multi-layer perspective. Technol.
Forecast. Soc. Chang. 2019, 145, 12–23. [CrossRef]
Barrett, R.; Kowalkiewicz, M.; Shahiduzzaman, M. High Growth and Technology: Case Studies of Queensland Firms in the Digital
Economy; Department of Science, Information Technology and Innovation, Queensland Government: Brisbane, Australia, 2016.
Western Downs Regional Council (WDRC). Economic Profile. 2019. Available online: https://economy.id.com.au/westerndowns/gross-product (accessed on 8 July 2019).
Alexy, O.; West, J.; Klapper, H.; Reitzig, M. Surrendering control to gain advantage: Reconciling openness and the resource-based
view of the firm. Strateg. Manag. J. 2018, 39, 1704–1727. [CrossRef]
Davis, P.E.; Bendickson, J.S. Strategic antecedents of innovation: Variance between small and large firms. J. Small Bus. Manag.
2021, 59, 47–72. [CrossRef]
Donnellan, J.; Rutledge, W.L. A case for resource-based view and competitive advantage in banking. Manag. Decis. Econ. 2019, 40,
728–737. [CrossRef]
Gimenez-Fernandez, E.M.; Sandulli, F.D.; Bogers, M. Unpacking liabilities of newness and smallness in innovative start-ups:
Investigating the differences in innovation performance between new and older small firms. Res. Policy 2020, 49, 104049.
[CrossRef]
Kuckertz, A.; Brändle, L.; Gaudig, A.; Hinderer, S.; Reyes, C.A.M.; Prochotta, A.; Steinbrink, K.M.; Berger, E.S. Start-ups in times
of crisis–A rapid response to the COVID-19 pandemic. J. Bus. Ventur. Insights 2020, 13, e00169. [CrossRef]
Salamzadeh, A.; Dana, L.P. The coronavirus (COVID-19) pandemic: Challenges among Iranian start-ups. J. Small Bus. Entrep.
2021, 33, 489–512. [CrossRef]
Sukaatmadja, I.; Yasa, N.; Rahyuda, H.; Setini, M.; Dharmanegara, I. Competitive advantage to enhance internationalization
and marketing performance woodcraft industry: A perspective of resource-based view theory. J. Proj. Manag. 2021, 6, 45–56.
[CrossRef]
Bustamante, C.V. Strategic choices: Accelerated start-ups’ outsourcing decisions. J. Bus. Res. 2019, 105, 359–369. [CrossRef]

Sustainability 2022, 14, 5801

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

49.
50.
51.

52.
53.
54.
55.
56.
57.
58.

15 of 18

Marullo, C.; Casprini, E.; Di Minin, A.; Piccaluga, A. ‘Ready for Take-off’: How Open Innovation influences start-up success.
Creat. Innov. Manag. 2018, 27, 476–488. [CrossRef]
Pangarkar, N.; Wu, J. Alliance formation, partner diversity, and performance of Singapore start-ups. Asia Pac. J. Manag. 2013, 30,
791–807. [CrossRef]
Ye, Q. New-born start-ups performance: Influences of resources and entrepreneurial team experiences. Int. Bus. Res. 2018, 11,
1–15. [CrossRef]
Bianchi, C.; Mingo, S.; Fernandez, V. Strategic management in Latin America: Challenges in a changing world. J. Bus. Res. 2019,
105, 306–309. [CrossRef]
Caseiro, N.; Coelho, A. The influence of Business Intelligence capacity, network learning and innovativeness on start-ups
performance. J. Innov. Knowl. 2019, 4, 139–145. [CrossRef]
Coleman, S.; Cotei, C.; Farhat, J. A resource-based view of new firm survival: New perspectives on the role of industry and exit
route. J. Dev. Entrep. 2013, 18, 1350002. [CrossRef]
Chen, Y.-Y.K.; Jaw, Y.-L.; Wu, B.-L. Effect of digital transformation on organizational performance of SMEs: Evidence from the
Taiwanese textile industry’s web portal. Internet Res. 2016, 26, 186–212. [CrossRef]
Gërguri-Rashiti, S.; Ramadani, V.; Abazi-Alili, H.; Dana, L.P.; Ratten, V. ICT, Innovation and Firm Performance: The Transition
Economies Context. Thunderbird Int. Bus. Rev. 2017, 59, 93–102. [CrossRef]
Yunis, M.; El-Kassar, A.-N.; Tarhini, A. Impact of ICT-based innovations on organizational performance: The role of corporate
entrepreneurship. J. Enterp. Inf. Manag. 2017, 30, 122–141. [CrossRef]
Cenamor, J.; Parida, V.; Wincent, J. How entrepreneurial SMEs compete through digital platforms: The roles of digital platform
capability, network capability and ambidexterity. J. Bus. Res. 2019, 100, 196–206. [CrossRef]
Neirotti, P.; Raguseo, E.; Paolucci, E. How SMEs develop ICT-based capabilities in response to their environment: Past evidence
and implications for the uptake of the new ICT paradigm. J. Enterp. Inf. Manag. 2018, 31, 10–37. [CrossRef]
Das, S.; Kundu, A.; Bhattacharya, A. Technology Adaptation and Survival of SMEs: A Longitudinal Study of Developing
Countries. Technol. Innov. Manag. Rev. 2020, 10, 64–72. [CrossRef]
Price, L.; Shutt, J.; Sellick, J. Supporting rural Small and Medium-sized Enterprises to take up broadband-enabled technology:
What works? Local Econ. 2018, 33, 515–536. [CrossRef]
Arvanitis, S.; Loukis, E.N. Investigating the effects of ICT on innovation and performance of European hospitals: An exploratory
study. Eur. J. Health Econ. 2016, 17, 403–418. [CrossRef]
Skare, M.; Soriano, D.R. How globalization is changing digital technology adoption: An international perspective. J. Innov. Knowl.
2021, 6, 222–233. [CrossRef]
Cuevas-Vargas, H.; Estrada, S.; Larios-Gómez, E. The effects of ICTs as innovation facilitators for a greater business performance.
Evidence from Mexico. Procedia Comput. Sci. 2016, 91, 47–56. [CrossRef]
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