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SMEs engage in product innovation despite their inherent resource constraints, lack of 
financial slack, and the under- development of competitively viable strategic configurations 
around the globe. While progress has been made in identifying the antecedents and capa-
bilities attributed to successful innovation outcomes and the performance of these firms, 
there remain disparate and often paradoxical observations on the factors that affect SME 
innovation performance across geographies (i.e. developed vs developing countries) and 
operational contexts (R&D intensity and quality management practices). This study col-
lected data from 241 resource- constrained small and medium- sized enterprises (SMEs) in a 
developing country (Ghana) to contribute to this debate. The results of structural equation 
modeling show that quality management mediates the relationship between R&D intensity 
and product innovation. The results also reveal the effects of knowledge integration and 
financial slack on the relationship between R&D intensity and product innovation, with a 
high level of knowledge integration enhancing the effect but a high financial slack hinders 
it. This study sheds light on a broader range of contextual and financial variables when 
seeking contingencies of SME product innovation performance within theory and practice.

1.  Introduction

SME innovation activities are crucial in eco-
nomic development worldwide (McCann 

and Ortega- Argilés,  2016). Some authors would 
even suggest that SMEs demonstrate more robust 
R&D intensity than large firms (Montresor and 

Vezzani, 2015), serving as the lifeblood of GDP de-
velopment within regions. Yet, SME survival rates 
and performance remain bleak, and they struggle 
to achieve growth and efficiency (World Economic 
Forum,  2022). While scaling these businesses 
is laden with hurdles and challenges, research 
has suggested that their ability to exploit new 
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opportunities and accumulate knowledge to de-
velop new products is central to their survival and 
growth prospects (Baptista et al., 2006; Raymond 
and St- Pierre,  2010). R&D- oriented SMEs boost 
capacity through their ability to churn out new 
products, while those lacking R&D capacities are 
more susceptible to ever- changing market fluctu-
ations (Añón- Higón et  al.,  2015). The knowledge 
obtained from R&D intensity nurtures an organiza-
tional climate that favors the capacity to integrate 
new concepts and adaptability (Raymond and St- 
Pierre,  2010), which then enhances productivity, 
growth, competitiveness, and consequently inno-
vation for their survival (Zahra and George, 2002; 
Añón- Higón et  al.,  2015). Yet, in light of global 
trends toward SME survival, numerous concerns 
remain about the effectiveness of their product in-
novation processes, determinants, and R&D man-
agement configurations.

Research has uncovered the direct effect 
of R&D intensity on product innovation (Heij 
et  al.,  2020; Medda,  2020). However, SMEs are 
often financially constrained (Motta,  2020) and 
must carefully leverage a broad range of resource 
stocks to develop risky and volatile R&D activities 
(Czarnitzki and Hottenrott,  2011). The financial 
limitations are even more pronounced for SMEs 
in developing economies’ resource- constraint and 
weak institutional context (Abubakar et al., 2019; 
Masroor and Asim,  2019). This issue is exacer-
bated further because much of what we know 
about innovation emanates from firms in devel-
oped economies’ stable and endowed environ-
ments (Luo et  al.,  2011; Amankwah- Amoah and 
Adomako,  2021). Developing countries are also 
associated with weaker legal protections (e.g. IP), 
bureaucratic inefficiencies, and less established 
policies that would encourage R&D activities. 
Thus, the same level of R&D activity may result in 
different output levels in developing and developed 
countries, with firm failures more likely to occur in 
developing countries (Özçelik and Taymaz, 2008).

The innovation outcomes of SMEs in develop-
ing countries are critical for achieving economic 
growth (Lee et  al.,  2015) and are linked to their 
survival potential (Zahra and George, 2002). They 
must develop strategic mechanisms for overcom-
ing financial limitations to achieve their R&D 
objectives (Adams, 1982; Oduro, 2019; Adomako 
et  al.,  2021; Singh et  al.,  2022). Yet, the debate 
regarding the various inputs, systems, and pro-
cedures influencing R&D performance remains 
lively. Recently, some authors have suggested that 
quality management processes are core resources 
for developing and implementing innovation in 

firms (Zeng et al., 2015; Bourke and Roper, 2017; 
Honarpour et al., 2018). Firms that embrace quality 
management strive to meet the expectations of cus-
tomers and are likely to be innovative in introduc-
ing new products (Hoang et al., 2006). This focus 
on continuous improvement encourages firms to 
embark on changes in the design and development 
of new products and services (Martinez- Costa 
and Martínez- Lorente,  2008). However, others 
have argued that this offers a constricted lens that 
induces firms to focus on short- term incremental 
adjustments while neglecting future growth and 
riskier opportunities (Slater and Narver, 1998). 
Nevertheless, the more high- quality knowledge 
assets are developed, the better the firms are at 
identifying new opportunities for innovation (Guo 
et al., 2020).

Quality management is a crucial underlying 
mechanism through which R&D intensity fosters 
the product innovation of SMEs, but not well under-
stood. Therefore, our study sought to understand 
the effect of R&D intensity on product innovation 
in the underexplored context of a developing econ-
omy (Cuervo- Cazurra et  al.,  2018; Medda,  2020). 
Drawing on a moderated mediation framework 
(Preacher et al., 2007), we investigate the influence 
of quality management on the relationship between 
R&D intensity and product innovation outputs for 
SMEs. We also investigate the potential for modera-
tion influences by examining the influence of knowl-
edge integration and financial slack on the R&D 
intensity of product innovation relationships (Shaikh 
et al., 2018).

By testing an empirical model that elucidates both 
the direct and indirect effects of R&D intensity on 
the innovation activities of SMEs in a developing 
economy context, we examine the resource impera-
tive to enhance product innovation for SMEs. SMEs 
in developing countries lack systemic innovation 
support systems found in developed countries and 
face numerous contextual hurdles, scarce resources, 
limited markets, and shortages of technical skills 
(Hadjimanolis and Dickson,  2001). Embedding 
resources at the systemic level (i.e. knowledge) 
should be a priority in developing countries’ inno-
vation efforts rather than just continuing with the 
traditional focus on production systems (Özçelik and 
Taymaz, 2008).

2.  Theoretical background

The resource- based view (RBV) argues that knowl-
edge is a primary intangible resource that can be 
harnessed to achieve robust innovation outcomes in 
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SMEs (Liu et  al.,  2022). It recognizes the impor-
tance of accumulating unique resources and capa-
bilities to drive various performance outcomes 
(Barney, 1991; Barney and Clark, 2007). A firm’s 
competitiveness is anchored on the resources it pos-
sesses, leverages, and deploys to outperform com-
peting firms (Satta et  al., 2016) that are valuable, 
rare, or costly to imitate (Zhao and Tan,  2021). 
This may include knowledge, human capital, 
physical assets, and other intangible and tangible 
assets (Grant,  1991). High- quality resources and 
the way they are managed fuel innovation efforts 
(Jin et  al.,  2024) and superior performance (Wu 
et al., 2006), Established processes such as quality 
management and knowledge resources are crucial 
for firms to develop new products and innova-
tion ability (Sung and Choi,  2018). R&D activity 
helps firms accumulate and nurture the resource 
foundations for product innovation (Chen and 
Huang, 2009).

Exploring and applying valuable knowledge 
resources could foster the development of novel solu-
tions and innovation in firms of all sizes. Through 
R&D intensity, firms can exploit knowledge 
resources to satisfy the diverse needs of customers 
and products (Amankwah- Amoah and Wang, 2019). 
As such, there is an imperative to understand how 
a resource structure can be leveraged for sustained 
product innovation (Liu and Atuahene- Gima, 2018; 
Guo et al., 2019; Escrig- Tena et al., 2021), and to 
unravel the influence varying contexts and vari-
ables have on the R&D intensity- product innova-
tion relationship (Cuervo- Cazurra et al., 2018; Heij 
et al., 2020; Medda, 2020). Nevertheless, the obser-
vations across economies and environments remain 
diverse and inconsistent. Some studies suggest R&D 
intensity as a strong predictor of product innovation 
(Cuervo- Cazurra et al., 2018; Medda, 2020), while 
others report no meaningful relationship (Hall and 
Bagchi- Sen,  2002), or a curvilinear relationship 
(Artz et  al.,  2010; Heij et  al.,  2020), and even a 
negative relationship between the two variables 
(Coombs and Bierly III, 2006); exacerbated by the 
inherent contextual variations of firms (i.e. size, 
environment, internal configurations, and so on.) 
The only global consensus regarding SME innova-
tion is the resource challenges faced when innovat-
ing and surviving.

The conflicting empirical evidence on the R&D 
intensity–product innovation nexus has ignited debates 
about the potential underlying mechanisms within 
SMEs (Adomako et al., 2021; Senaratne et al., 2022). 
Thus, while our understanding of the direct relation-
ship between R&D intensity and product innovation 
has improved (Heij et  al.,  2020; Medda,  2020), the 

empirical inconsistencies warrant further examination 
to delineate the underlying complexities and resources 
that sustain R&D intensity and product innovation 
relationship. Despite the benefits of R&D intensity, 
research suggests that knowledge exploration alone 
may not be enough to deliver robust innovation per-
formance—leading to suggestions for firms to harness 
complementary resources to maximize the benefits of 
R&D intensity (Prajogo and Sohal, 2006; Wang and 
Rafiq, 2014). Furthermore, much can be learnt about 
studying the phenomena in environments with less 
developed or accessible resource support endowments 
(i.e. developing countries with less infrastructure for 
generating innovation activities).

Quality management and product innovation are 
commonly viewed as distinctive but complemen-
tary resources developed by firms (Adams,  1982; 
Prajogo and Sohal, 2003; Hung et al., 2010). They 
are often embedded within an organization and 
used to stimulate separate but distinctive capabil-
ities (including consistent quality performance 
and product innovation) (Escrig- Tena and Bou- 
Llusar,  2005; Escrig- Tena et  al.,  2021). While 
generally treated as separate activities quality 
management practices influence product innova-
tion (Martinez- Costa and Martínez- Lorente, 2008; 
Zeng et  al.,  2015; Honarpour et  al.,  2018). Some 
even suggest that implementing a quality man-
agement system could result in mechanistic rou-
tinization and, therefore, inhibit creativity and 
innovation (Abrunhosa and Sá, 2008; Terziovski 
and Guerrero, 2014). Nevertheless, it is an effec-
tive mechanism for assessing products and meeting 
the needs of customers (Goetsch and Davis, 2013).

Studies into how quality management can be lev-
eraged are predominantly biased toward developed 
economies with limited emphasis on developing 
economies (Mellahi and Eyuboglu, 2001; Mensah 
et  al., 2012) and primarily focused on the barriers 
to implementation (Mensah et al., 2012). It remains 
unclear whether quality management could play 
any role in the relationship between R&D inten-
sity and product innovation of SMEs, especially in 
the low- resource context of developing economies. 
By low- resource context, we refer to an economy 
that typically operates with limited access to finan-
cial, human, or technological resources compared 
to more developed economies. Firms within these 
regions often face numerous contextual challenges, 
such as limited infrastructure, inadequate access to 
capital, and a less skilled workforce, exacerbating 
the inherent resource limitations SMEs typically 
face. Nevertheless, SME product innovations emerg-
ing from these resource- constrained economies 
abound and the influence R&D intensity and quality 
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management have presents a compelling backdrop 
for analysis (McCann and Ortega- Argilés, 2016).

2.1.  R&D intensity and product 
innovation of SMEs

R&D intensity influences the product innovation 
of SMEs in a developing economy. It enables firms 
to create, understand, and use knowledge (Artz 
et al., 2010) and thus provide the requisite ingredi-
ents for innovation (Belderbos et al., 2004; Sung and 
Choi,  2018) It can help SMEs modify and replace 
existing knowledge with new knowledge resources 
that can be utilized to boost the development of new 
products (Chen and Huang, 2009). Thus, by investing 
in R&D activities, SMEs can build a robust knowl-
edge reservoir to drive innovation implementation 
since decisions (Zhou and Li, 2012). However, given 
that SMEs are resource- constrained, they can be more 
judicious in applying acquired resources toward these 
activities (Teirlinck, 2017; Guo et al., 2020). Despite 
this, knowledge resources derived from R&D inten-
sity can foster continuous improvement and ben-
efit SMEs’ product innovation. This is especially 
so when considering developing country contexts, 
which are less explored (Cuervo- Cazurra et al., 2018; 
Medda, 2020). Therefore, we hypothesize:

H1 R&D intensity is positively related to product 
innovation of SMEs in a developing economy.

2.2.  The mediating effect of SME quality 
management practices

R&D intensity expands firms’ knowledge stock (Wu 
and Shanley, 2009) and can serve as a critical input 
for quality management (Prajogo and Sohal, 2006). 
Quality management is a vital but often overlooked 
knowledge mechanism for transforming R&D inten-
sity into product innovation within SMEs. The 
knowledge resources derived from R&D intensity 
can be harnessed to enhance quality management 
principles such as continuous improvement and cus-
tomer focus. In addition, knowledge application leads 
to new learning and enhanced competencies (Nonaka 
and Takeuchi,  1995), which can be leveraged to 
improve quality management and products. Thus, 
the knowledge resources derived from R&D inten-
sity can be deployed to enhance quality management 
and serve as a precondition for increased productiv-
ity (Martinez- Costa and Martínez- Lorente, 2008).

Quality management influences product innova-
tion (Martinez- Costa and Martínez- Lorente,  2008; 
Zeng et  al.,  2015; Bourke and Roper,  2017). It 

creates enabling conditions for successful innova-
tion (Martinez- Costa and Martínez- Lorente,  2008) 
and embodies the necessary ingredients for innova-
tion implementation (Perdomo- Ortiz et al., 2009). It 
also provides a structure for activities and processes 
to be moderated and managed, which enhances 
R&D activities, eliminates critical issues, and boosts 
innovation (Prajogo and Sohal,  2006). While still 
an emerging focal point for investigation, research 
has revealed the mediation effects of quality man-
agement on various organizational processes and 
outcomes (Kaynak,  2003). Accordingly, we predict 
that quality management mediates the relationship 
between R&D intensity and product innovation.

Accordingly, we contend that the relationship 
between R&D intensity and product innovation is posi-
tively enhanced by the presence of quality management 
practices. Hence, we propose the following hypothesis:

H2 Quality management mediates the relationship 
between SME R&D intensity and product innovation.

2.3.  The moderating effect of knowledge 
integration

Knowledge integration mechanisms capture, ana-
lyze, and interpret different types of information for 
firm resources (De Luca et al., 2010). It consists of 
dispersed knowledge resources for competitive activ-
ities (Martini et al., 2017). It allows firms to acquire 
new external and internal knowledge stocks neces-
sary for further development (Salunke et  al.,  2019) 
and combine past and new knowledge stocks into 
new capabilities (Guo et al., 2019). Knowledge inte-
gration mechanisms allow firms to share and syn-
thesize these resources between functional units and 
facilitate innovation (Martini et al., 2017).

Given the knowledge- focused characteristics 
often implied within the nature of quality manage-
ment practices, we suggest that focusing on knowl-
edge integration mechanisms strengthens the effect 
of R&D intensity on quality management. In addi-
tion, the indirect effect of R&D intensity on prod-
uct innovation (via quality management) is likely to 
be more substantial when knowledge integration is 
high. Therefore, we hypothesize:

H3a Knowledge integration positively moderates 
the relationship between R&D intensity and quality 
management in SMEs.

H3b Knowledge integration moderates the 
strength of the relationship between R&D intensity 
and product innovation when quality management 
is also present.
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2.4.  The moderating effect of financial 
slack

Financial slack is a crucial resource (Parida and 
Örtqvist, 2015). Unused and uncommitted financial 
resources can be easily applied to achieve organiza-
tional goals (Carnes et  al.,  2019) and allow SMEs 
to engage in risks, such as R&D and innovation in 
general (Lungeanu et  al.,  2016). It can help SMEs 
unearth novel solutions and enhance operational 
routines (Guo et  al., 2020) while also responding 
to environmental fluctuations and dynamic changes 
(Parida and Örtqvist,  2015). In addition, financial 
slack ensures the provision of requisite logistics 
in SMEs and risks that emanate from inadequate 
resources (Bradley et al., 2011) (Figure 1).

In light of the preceding arguments, financial 
slack is likely to strengthen the effect of R&D inten-
sity on quality management. We posit that the indi-
rect effect of R&D intensity on product innovation 
(via quality management) would be stronger when 
financial slack is high. Accordingly, we hypothesize:

H4a Financial slack positively moderates the 
relationship between R&D intensity and quality 
management.

H4b Financial slack moderates the strength of the 
relationship between R&D intensity and product 
innovation when quality management is present.

3.  Method

3.1.  Research setting

This study examines resource- constrained SMEs in 
the developing economy of Ghana to enhance our 

understanding of the complex relationship between 
R&D intensity activities for product innovation. 
SMEs are essential to the Ghanaian economy 
as they represent 92% of registered businesses, 
employ more than 80% of Ghana’s workforce, and 
contribute about 70% of Ghana’s GDP (Abor and 
Quartey, 2010). It is considered the most accessible 
place to do business in the West African sub- region 
(WorldBank,  2018), rendering it a fertile ground 
for manufacturing and product development. The 
stable democratic dispensation and favorable busi-
ness policies have made Ghana the destination 
of foreign direct investment (Amankwah- Amoah 
et al., 2018). Despite these developments, it remains 
classified as a developing economy with a need 
for further establishment of infrastructure. With a 
vibrant SME sector, the potential of the manufac-
turing sector, and the economic prospects, Ghana 
provides a fertile context for investigating innova-
tion from the perspective of developing economies 
(Adomako et al., 2021).

3.2.  Sample and data collection

We derived our sampling frame from the Ghana 
Revenue Authority (GRA). Before the primary data 
collection phase, we conducted a pilot study to test 
the precision of the research protocol and validate 
the technique. In line with this process, each ele-
ment of the questionnaire section was refined to 
ensure greater precision in our data collection exer-
cise. To ensure each population unit had an equal 
chance of inclusion in the sample and to overcome 
researcher bias (Bryman,  2008), we initially ran-
domly sampled 1000 firms that were broadly classi-
fied as manufacturing- focused. To ensure that firms 
in our sample had likely faced challenges of sur-
vival and made efforts toward continual innovation 

Figure 1. Research model.
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rather than those at the earlier stages of their devel-
opment, we then reduced our sample to include 
firms that followed these criteria: (i) firms with a 
minimum of 5 years’ operating experience (García- 
Manjón and Romero- Merino,  2012), (ii) firms 
with reliable contact details (Khavul et al., 2010), 
(iii) firms with a minimum of five and maximum 
of 99 full- time employees (NBSSI,  2020), (iv) 
firms that manufacture physical product (Morgan 
et al., 2012). In the end, a total of 602 SMEs met 
the criteria. Using Qualtrics, the questionnaire was 
administered to all 602 firms. Consistent with pre-
vious research (Honarpour et  al.,  2018; Konadu 
et al., 2020), the key informants for the study were 
top executives such as CEOs/business owners, 
product development managers, finance directors, 
R&D managers, and marketing managers.

We adopted the multiple informants’ approach to 
attenuate the effect of possible common method bias 
(CMB). Specifically, the CEOs or business owners, 
finance directors, and R&D managers were sampled 
for information on R&D intensity, financial slack, 
quality management, and knowledge integration. In 
contrast, the marketing and product development 
managers supplied information on product inno-
vation. The survey yielded a total of 255 question-
naires. After discounting missing values, we obtained 
a total of 241 usable questionnaires. This represents a 
response rate of 40.03%. The average firm size was 
55 full- time employees, and the average age of the 
firms was 14 years.

3.3.  Measures

We measured multi- item constructs on a five- point 
Likert scale with preceding statements that indicate 
how the items should be rated. All the multi- item 
constructs were drawn from studies and provided 
below.

3.3.1.  Product innovation
We followed Prajogo and Sohal (2006) in measuring 
product innovation with a scale of five items. These 
items capture the number of new products, the level 
of innovativeness, the speed of innovation, and being 
the ‘first’ in the market. Respondents were asked to 
report on their firms’ product innovation activities in 
the previous 3 years against a major competitor in the 
industry. Research has found this approach to mea-
suring innovation robust in many settings (Baron and 
Tang, 2011).

3.3.2.  Quality management
To capture quality management, we used a scale 
from Pereira- Moliner et al. (2012). The scale consists 
of seven items measuring firms’ fundamental quality 

management practices. Recent research confirms the 
scale’s robustness (Konadu et al., 2020).

3.3.3.  R&D intensity
R&D intensity was captured as a ratio of total R&D 
expenditure to total sales. It was obtained by dividing 
total expenditures on R&D by the total sales of the 
firms in the previous 3 years, which is the approach 
to measuring R&D intensity well established in the 
literature (Hull and Rothenberg,  2008; Padgett and 
Galan, 2010).

3.3.4.  Financial slack
We utilized a scale from Tran et al. (2018) to measure 
financial slack. The scale consists of four items that 
capture firms’ uncommitted or discretionary finan-
cial resources.

3.3.5.  Knowledge integration
Following De Luca and Atuahene- Gima (2007), we 
tapped knowledge integration using a scale of six 
items. These items measure the extent to which the 
firms use formal integration mechanisms to capture 
and integrate knowledge. Recent research confirms 
the robustness of this scale (Amankwah- Amoah and 
Adomako, 2021).

3.3.6.  Control variables
We controlled for firm age, firm size, and the exis-
tence of R&D units since they can influence inno-
vation outcomes (Cui et  al.,  2018). Firm size was 
measured as the total number of full- time employees. 
Firm age was measured as the years since the firm 
was incorporated. Additionally, given that not all 
the sampled firms had a separate formal R&D unit, 
the study controlled for the availability of a formal 
R&D unit since it could influence the level of R&D 
activities and, subsequently, innovation. A dummy 
variable indicated whether a firm had a formal R&D 
unit (1 = a formal R&D unit; 0 = otherwise). The 
study controlled these variables to ensure the model 
achieved high precision.

4.  Analyses

4.1.  Assessment of potential biases

4.1.1.  Non- response bias test
To assess the effect of non- response bias on our data, 
we followed established practice and compared early 
and late respondents based on key variables (Anderson 
and Eshima, 2013). The assumption is that late respon-
dents can be likened to non- respondents (Armstrong 
and Overton,  1977). Overall, the t- test examina-
tion reveals no significant differences between the 
two groups in terms of firm age (p = 0.52), product 
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innovation (p = 0.38), knowledge integration (p = 0.68), 
firm size (p = 0.71), financial slack (p = 0.31), R&D 
intensity (p = 0.51), R&D intensity (p = 0.62), R&D 
unit (p = 0.42), and quality management (p = 0.44). This 
suggests that non- response bias was not a significant 
concern for our study.

4.1.2.  Common method bias assessment
To eliminate the possibility of common method bias 
influencing our results, we employed procedural and 
statistical techniques to address common method bias 
(Podsakoff et  al.,  2012). The procedural measures 
included: (i) we adopted a multiple informant approach 
for the data collection (Podsakoff et al., 2012), (ii) we 
conducted a pilot study for further refinement (Hussey 
and Hussey, 1997), (iii) we implemented the proximal 
separation of the scales (Podsakoff et al., 2003).

Statistically, we first performed Harman’s one- 
factor test (Podsakoff et  al.,  2003). After loading 
all the items on a single factor in exploratory factor 
analysis with principal axis factoring, the first fac-
tor explains only 21.5% of the variance for all items. 
This suggests that no single factor was dominant, 
so common method bias was not a significant con-
cern (Podsakoff and Organ, 1986). Second, we uti-
lized the common latent factor technique to assess 
common method bias. To achieve this, we estimated 
two competing CFA models. In Model 1, each indi-
cator loaded in on its respective latent factor, and 
the results reveal a good fit to the data: x2 = 296.87; 
x2/df = 1.48; RMSEA = 0.04; GFI = 0.90; IFI = 0.96 
and CFI = 0.96. We replicated the same process for 
Model 2 except for including a common latent factor 
estimated to load on all the indicators. By this, we 
controlled for any variance resulting from a common 
source. The results in Model 2 also show a good fit: 
x2 = 296.61; x2/df = 1.48; RMSEA = 0.04; GFI = 0.90; 
IFI = 0.96 and CFI = 0.96. A comparison of the two 
models reveals no significant difference; thus, Model 
2 is not substantially better than Model 1. This sug-
gests that common method bias was not a significant 
concern.

4.1.3.  Validity and reliability assessment
Using the maximum likelihood estimation method 
in AMOS 28.0, we performed a confirmatory factor 
analysis (CFA) to establish the reliability and valid-
ity of the multi- item constructs. The CFA produced a 
good fit between the hypothesized structural model 
and the observed data: x2/df = 1.48; RMSEA = 0.04; 
GFI = 0.90; IFI = 0.96; RMR = 0.06 and CFI = 0.96. 
As shown in Table 1, the standardized factor load-
ings for all the items are significant, supporting 
convergent validity (Fornell and Larcker,  1981). 
Moreover, Cronbach’s alpha values for all the 
multi- item constructs exceed the recommended 

threshold of 0.70 for confirmatory research 
(Nunnally and Bernstein, 1994). This demonstrates 
adequate reliability (Cronbach, 1951). In addition, 
the average variance extracted (AVE) values for all 
the constructs meet the recommended threshold of 
0.50 (Fornell and Larcker, 1981). Further, as shown 
in Table 1, the composite reliability (CR) values for 
all the constructs exceed the recommended thresh-
old of 0.60 for model testing (Hayduk, 1987). This 
suggests that the constructs of the study demon-
strate adequate convergent validity (Fornell and 
Larcker,  1981). Finally, to establish discriminant 
validity, we followed established practice and 
calculated the square roots of the AVEs for all 
the multi- item constructs. As shown in Table  2, 
the constructs demonstrate discriminant validity 
(Fornell and Larcker, 1981).

Interestingly, a negative correlation between R&D 
unit and R&D intensity was observed within our data 
set. Intuitively, it was expected that firms with ded-
icated formal R&D units would have a higher R&D 
activity than those without. Given that SMEs are 
resource- constrained, particularly in our research 
context (Abubakar et  al.,  2019), and perhaps nar-
rowly defined around a limited scope of product 
innovation activities, it could be that R&D units are 
not defined in a unanimous way or in the traditional 
sense amongst these firms and explains the counter- 
intuitive observation.

4.2.  Structural model estimation

To test the hypothesized structural relationships 
presented in the conceptual model, we employed 
structural equation modeling (SEM) and maximum 
likelihood (ML) estimation to test a system of nested 
structural models in path analysis in AMOS 28.0. 
Following precedence (Donbesuur et al., 2022), we 
created composite scores for the multi- item con-
structs to obtain single indicants. However, we uti-
lized the full information approach for the dependent 
variables (quality management and product inno-
vation). This was necessary to eliminate potential 
model under- identification (Hair Jr et al., 2017). To 
evaluate the moderation paths, we created interac-
tion terms. The variables involved in the interaction 
were mean- centered before the interaction terms 
were created to correct multicollinearity (Aiken and 
West, 1991). Beyond the mean- centering approach, 
the most significant variable inflation factor (VIF) 
was 2.15, well below the recommended threshold of 
10 (Neter et  al.,  1996). Hence, we find no sign of 
multicollinearity.

In all, nine nested structural models were esti-
mated. The dependent variable in Models 1–4 is 
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quality management. Model 1 estimated the effects 
of the control variables on quality management. In 
Model 2, the effect of the independent variable (R&D 
intensity) was added. Model 3 estimated the effect 
of one interaction term (R&D intensity × knowledge 
integration), while the other interaction term (R&D 
intensity × financial slack) was assessed in Model 

Table 2. Discriminant validity assessment

Constructs PRINNO QLMGT INTGR SLACK

PRINNO 0.78
QLMGT 0.33 0.74

INTGR −0.11 −0.11 0.70

SLACK 0.06 −0.02 0.05 0.71

Table 3. Descriptive statistics and correlation matrix

Variables Mean SD 1 2 3 4 5 6 7 8

1. Firm size (employees) 55.15 25.57 1.00
2. Firm age (years) 13.64 5.21 0.15* 1.00

3. R&D unit 1.39 0.49 0.06 0.02 1.00

4. Quality management 3.62 0.99 −0.05 −0.06 −0.03 1.00

5. Knowledge integration 3.84 0.69 −0.01 −0.02 0.19** 0.09 1.00

6. Financial slack 3.56 0.82 0.02 0.02 0.08 −0.02 0.05 1.00

7. R&D intensity 0.81 0.03 −0.10 −0.05 −0.07 0.19** 0.04 −0.16* 1.00

8. Product innovation 4.21 0.70 0.03 0.02 0.01 0.30** 0.10 0.05 0.22** 1.00

N = 241.
R&D, research and development; SD, standard deviation.
*p < 0.05; **p < 0.01 (2- tailed test);

Table 1. Construct validity and reliability

Constructs/items Factor loadings Cronbach alpha AVE CR

Product Innovation 0.88 0.60 0.88
1 0.78

2 0.70

3 0.81

4 0.81

5 0.77

Quality Management 0.90 0.54 0.89

1 0.67

2 0.60

3 0.81

4 0.78

5 0.83

6 0.74

7 0.67

Knowledge Integration 0.85 0.50 0.85

1 0.72

2 0.76

3 0.68

4 0.72

5 0.64

6 0.66

Financial Slack 0.78 0.51 0.80

1 0.69

2 0.77

3 0.69

4 0.68

Fit Indices: x2 = 296.87; df = 201; x2/df = 1.48; RMSEA = 0.04; GFI = 0.90; IFI = 0.96; RMR = 0.06; CFI = 0.96.
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4. In Models 5–9, the dependent variable is product 
innovation. Model 5 estimated the effect of the con-
trol variables on product innovation. Model 6 tested 
the direct effect of R&D intensity, while Model 7 
estimated the effect of quality management on prod-
uct innovation. Model 8 assessed the effect of one 
interaction term (quality management × knowledge 
integration), and finally, Model 9 estimated the effect 
of the other interaction term (quality management × 
financial slack). The results of the structural model 
estimation are presented in Table 4.

5.  Results

The means, standard deviations, and correlations for 
all the variables are reported in Table 3. The results 
of the hypotheses testing are presented in Table  4. 
Hypothesis 1 posits that R&D intensity is positively 
related to product innovation of SMEs in a develop-
ing economy. As shown in Model 6, R&D intensity 
is indeed positively related to product innovation of 
SMEs (β = 0.24; t = 3.47; p < 0.01). Thus, the study 
finds support for H1. Hypothesis 2 contends that 
quality management mediates the effect of R&D 
intensity on product innovation. As the results in 
Table 4 show, we find support for this. Specifically, 
as shown in Model 6, R&D intensity is significantly 
related to product innovation (β = 0.24, t = 3.47, 
p < 0.01). Second, as shown in Model 2, R&D inten-
sity is significantly related to quality management 
(β = 0.19, t = 2.86, p < 0.01). In turn, as the results in 
Model 7 show, quality management is significantly 
related to product innovation (β = 0.29, t = 4.27, 
p < 0.01). Importantly, as illustrated in Model 7, the 
significant positive effect of R&D intensity on prod-
uct innovation (β = 0.24; t = 3.47; p < 0.01) declines 
but remains significant when R&D intensity’s effect 
on product innovation is channeled through quality 
management (β = 0.18, t = 2.77, p < 0.01), thus signal-
ing the presence of partial mediation. Hence, H2 is 
supported.

Hypothesis 3a argues that knowledge integra-
tion positively moderates the relationship between 
R&D intensity and quality management. As Model 
4 shows, we find support for H3a, as knowledge 
integration enhances the relationship between 
R&D intensity and quality management (β = 0.13, 
t = 2.18, p < 0.05). Hypothesis 3b posits that the 
indirect effect of R&D intensity on product inno-
vation through quality management is strengthened 
when knowledge integration is high. To evaluate 
this, we utilized PROCESS macro (Model 75) 
(Hayes, 2013) to estimate the conditional indirect 
effects at one standard deviation below the mean, at 

the mean, and above the mean score of knowledge 
integration. The results show that the indirect effect 
is stronger (3.22) and significant (CI excludes zero) 
when knowledge integration is high (CI = 0.51–
7.08). However, the indirect effect is weaker 
(0.01) and non- significant (CI includes zero) when 
knowledge integration is low (CI = −0.54 to 0.53). 
These results provide support for H3b. A summary 
of the moderated mediation analysis is presented 
in Table 5.

To further enhance the interpretation of the mod-
erating effect, we followed Cohen et  al.’s  (2014) 
recommendation and created interaction plots 
to illustrate the conditional effect of knowledge 
integration. As illustrated by the surface plot in 
Figure  2, the indirect effect of R&D intensity on 
product innovation is stronger when knowledge 
integration is high.

Hypothesis 4a predicts that financial slack pos-
itively moderates the relationship between R&D 
intensity and quality management. Contrary to the 
prediction, we find no support for H4a as the struc-
tural path in Model 4 reveals a non- significant coef-
ficient (β = −0.04, t = −0.61, p > 0.05). Hence, H4a 
is not supported. Hypothesis 4b contends that the 
indirect effect of R&D intensity on product inno-
vation through quality management is strengthened 
when financial slack is high. Using PROCESS 
macro (Model 75), we tested the conditional indirect 
effects at one standard deviation below the mean, 
at the mean, and above the mean score of financial 
slack. Contrary to the prediction, the indirect effect 
is weaker (0.28) and non- significant when financial 
slack is high (CI = −0.47 to 1.86) but stronger (1.86) 
though non- significant (CI = −0.01 to 4.11) at a low 
level of financial slack. This suggests that a high 
level of financial slack dampens the indirect effect of 
R&D intensity on product innovation. Hence, H4b is 
not supported. A summary of the results is presented 
in Table 6.

To provide additional insight into the moderat-
ing effect, interaction plots were created to illus-
trate the varying effects of financial slack on the 
indirect effect of R&D intensity on product innova-
tion. As displayed in Figure 3, the indirect effect on 
product innovation weakens when financial slack 
is high.

5.1.  Further analyses

First, to establish the robustness of the mediation 
analysis, we utilized PROCESS macro (Model 4) 
(Hayes,  2013) to confirm the initial SEM results. 
The results show that R&D intensity is positively 
and significantly related to product innovation 
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(β = 0.23, t = 3.58, p < 0.01). This confirms the initial 
SEM results for H1. In addition, R&D intensity is 
positively and significantly related to quality man-
agement (β = 0.18, t = 2.86, p < 0.01). In turn, quality 
management positively relates to product innova-
tion (β = 0.28, t = 4.44, p < 0.01). Moreover, with the 
introduction of quality management, the effect size 
of R&D intensity on product innovation declines 
but remains significant (β = 0.18, t = 2.84, p < 0.01), 
indicating partial mediation. Importantly, we fur-
ther estimated the significance of the indirect effect 
and found a corresponding lower bound of 0.13 and 
upper bound of 2.92 using a bootstrap- estimated 95% 

confidence interval. Given that the 95% confidence 
interval results exclude zero, the indirect effect of 
R&D intensity on product innovation through quality 
management is significant. However, given that the 
direct effect of R&D intensity on product innovation 
attenuates but remains significant, it is concluded that 
quality management partially mediates the relation-
ship between R&D intensity and product innovation. 
This provides additional support for H2. The signif-
icance of the indirect effect is presented in Table 7.

As an additional robustness measure, we tested 
for a curvilinear relationship between R&D inten-
sity and product innovation. The analysis reveals 

Table 5. Conditional indirect effects on product innovation across levels of knowledge integration

Knowledge integration Indirect effect LLCI 95% ULCI 95%

Low (−1SD) = −0.69 0.01 −0.54 0.53
High (+1SD) = 0.69 3.22 0.51 7.08

N = 241; Bootstrap sample size = 5000.
LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

Figure 2. Surface plot of the moderating effect of knowledge integration.
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Table 6. Conditional indirect effects on product innovation across levels of financial slack

Financial slack Indirect effect LLCI 95% ULCI 95%

Low (−1SD) = −0.82 1.86 −0.01 4.11
High (+1SD) = 0.82 0.28 −0.47 1.86

N = 241; Bootstrap sample size = 5000.
LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

Figure 3. Surface plot of the moderating effect of financial slack.
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a non- significant coefficient (β = −0.09, t = −1.44, 
p > 0.05). Further, we used PROCESS macro 
(Model 75) to estimate the moderating effects of 
financial slack and knowledge integration on the 
R&D intensity and quality management relation-
ship. We find that the results are consistent with 
the initial SEM results for H3a and H4a. We uti-
lized the SEM approach to evaluate the moderating 
effects of knowledge integration and financial slack 
on the indirect effect of R&D intensity on product 
innovation. As shown in Model 9, the structural 
path between the interaction term (QM × KI) and 
product innovation reveals a positive and signifi-
cant coefficient (β = 0.18, t = 2.47, p < 0.05). Thus, 
3b received support. However, as shown in Model 
9, the structural path for the interaction term (QM 
× FS) and product innovation shows a negative 
and significant coefficient (β = −0.16, t = −2.37, 
p < 0.05), suggesting that financial slack negatively 
moderates the indirect effect of R&D intensity on 
product innovation. Hence, H4b is not supported. 
These SEM results confirm the initial PROCESS 
macro analysis for H3b and H4b.

A particular concern when running the model was 
that the R&D intensity value of 0.81 and a standard 
deviation of 0.03 could suggest insufficient variabil-
ity across the firms in the sample. As a result, we 
transformed the R&D intensity and tested it with 
the primary dependent variable in a separate analy-
sis. Overall, the results of the analyses are consistent 
with the initial results. With this, we believe the issue 
of low variability is not a significant concern.

6.  Discussion and implications

R&D intensity is an essential driver of product inno-
vation (Cuervo- Cazurra et al., 2018; Medda, 2020). 
However, how and under what conditions R&D 
intensity contributes to product innovation of SMEs 
in a developing economy still needs to be explored. 
Accordingly, we investigated the underlying mech-
anism through which R&D intensity contributes to 
product innovation and contend that quality manage-
ment acts as the transformative mechanism that drives 
product innovation of these SMEs Additionally, 
given the resource- constrained environment of a 

developing economy, we further examine the extent 
to which the relationship between R&D intensity and 
product innovation through quality management is 
conditional on varying levels of financial slack and 
knowledge integration. This was to establish when 
the innovation- enhancing effect of R&D intensity via 
quality management is most beneficial to SMEs in 
a developing economy. Drawing on empirical data 
from SMEs in Ghana’s manufacturing sector, we find 
that the effect of R&D intensity on product innova-
tion is mediated by quality management. We show an 
indirect effect of R&D intensity on product innova-
tion is amplified when knowledge integration is high. 
In contrast, a high financial slack hinders the indirect 
effect on product innovation.

6.1.  Theoretical implications

Our findings show that quality management is a 
vital transformative mechanism through which 
R&D intensity influences product innovation. It 
shows that R&D intensity alone is an insufficient 
explanation for the effectiveness of product inno-
vation outputs. We reveal that SMEs who transform 
knowledge resources from R&D intensity into 
exploitable quality management routines enhance 
product innovation. Therefore, the debates on the 
R&D intensity and product innovation linkage 
should consider a broader range of causal mech-
anisms. We contribute insights by validating the 
role quality management practices have as inter-
mediate mechanisms through which R&D intensity 
influences product innovation (Heij et  al.,  2020; 
Medda,  2020) and the relationships proposed 
in the ongoing theoretical debates (i.e. Bourke 
and Roper,  2017; Heij et  al.,  2020; Adomako 
et al., 2021).

Second, while the role of R&D intensity in 
firm outcomes has been studied extensively 
(Ruiqi et  al.,  2017; Cuervo- Cazurra et  al.,  2018; 
Adomako et  al.,  2021), the conditions under 
which it is effective in driving product innovation 
through quality management remain less estab-
lished. We demonstrate that the indirect effect of 
R&D intensity on product innovation is enhanced 
when SMEs in developing countries show high 
levels of knowledge integration. In contrast, a high 

Table 7. Significance of the indirect effect

Relationship
Direct effect Indirect 

effect
LLCI 
95%

ULCI 
95%

Conclusion

R&D Intensity → Quality Management → 
Product Innovation

4.12 (0.0049) 1.18 0.13 2.92 Partial Mediation

N = 241; Bootstrap sample size = 5000.
LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.
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level of financial slack hampers the indirect effect. 
While the role of financial slack in R&D activi-
ties is not in doubt, financial slack induces ineffi-
cient behavior and wasteful spending (Guo et  al., 
2020). Firms in developing economies operate in 
an environment marked by unique cultural, polit-
ical, economic, and organizational factors (Julian 
and Ofori- dankwa,  2013). These distinctive char-
acteristics, such as underdeveloped institutions, 
financial survival culture, and unfavorable business 
conditions, constrain the extent to which manag-
ers of SMEs in a developing economy can apply 
slack resources to optimize firm- level outcomes 
and tend to prioritize capital retention rather than 
spending more on discretionary operations (Julian 
and Ofori- dankwa,  2013; Boso et  al.,  2017). Our 
findings also extend insight into the role knowledge 
integration (Guo et  al.,  2019; Amankwah- Amoah 
and Adomako,  2021) and financial slack (Tran 
et  al.,  2018; Guo et  al., 2020) play in this rela-
tionship to suggest further contingencies in a low- 
resource context (Berchicci, 2013; Heij et al., 2020; 
Amankwah- Amoah and Adomako, 2021).

R&D intensity drives quality management across 
firms in both developed and developing economies 
(Padgett and Galan,  2010; Ruiqi et  al.,  2017). By 
showing that the knowledge resources derived from 
R&D activities are crucial drivers of the fundamen-
tal elements of quality management, SMEs must 
integrate techniques to develop different forms of 
resource for innovation beyond resource intensity 
alone, that is, evidence- based decision- making, cus-
tomer focus, and continuous improvement (Agarwal 
et al., 2013; Konadu et al., 2020).

Overall, except for our counter- intuitive observa-
tion on financial slack, the study’s findings are broadly 
consistent with studies of the context of developed 
countries (a high resource context) (Raymond and 
St- Pierre,  2010; Heij et  al.,  2020; Medda,  2020). 
Similarly, our findings on knowledge integration 
align with insights from developed economies 
(Martini et al., 2017; Malerba and McKelvey, 2020) 
and emphasize its importance for innovation activ-
ities. Interestingly, financial slack hinders product 
innovation outcomes in our context, which varies 
from findings of developed country contexts and 
the crucial role it plays (Parida and Örtqvist, 2015). 
Unlike previous research from developed countries 
which have investigated the effects of R&D activities 
(Heij et al., 2020; Medda, 2020) and quality manage-
ment (Zeng et al., 2015; Bourke and Roper, 2017), 
our study provides a new perspective on precisely 
what effect R&D intensity and quality manage-
ment have on product innovation in combination. 
This combination in a developing country context 

provides a holistic picture of the R&D resources and 
the product innovation nexus.

6.2.  Practical implications

Given the crucial role of SMEs in national develop-
ment (McCann and Ortega- Argilés,  2016), govern-
ments can develop an enabling environment for the 
growth and survival of SMEs in economic develop-
ment plans. For example, through policy initiatives, 
governments can promote R&D intensity in SMEs 
by providing R&D support through subsidies, incen-
tives, and grants. Yet, our findings suggest that this is 
not enough. The government should support SMEs 
in adopting and developing broader skills to accel-
erate innovation and promote survival (i.e. quality 
management initiatives such as ISO and TQM and 
knowledge integration best practices).

Our study provides valuable guidelines for SME 
managers on how and when R&D intensity contrib-
utes to product innovation. The discovery that qual-
ity management mediates the relationship between 
R&D intensity and product innovation suggests that 
managers should invest in developing quality man-
agement capabilities to deliver robust product inno-
vation/effective R&D. It is an essential driver of the 
innovation- enhancing effect of R&D intensity.

The effects of knowledge integration and financial 
slack suggest that managers should focus not only 
on R&D intensity but also endeavor to nurture other 
innovation- enhancing mechanisms for achieving 
robust innovation (i.e. information exchange meet-
ings, project committees, and formal project reviews) 
to boost innovation outcomes. Thus, we show that 
R&D intensity alone is not enough to deliver sustain-
able innovation. Hence, managers should be aware 
that a high level of financial slack hinders the indi-
rect effect of R&D intensity on product innovation. 
Therefore, managers of SMEs should judiciously 
commit financial slack to the much- needed areas of 
the firm, given that it can be detrimental to firm out-
comes if not well managed.

6.3.  Limitations and future research 
directions

This study’s limitations provide avenues for future 
research. While Ghana offers a compelling context, 
it would be interesting to replicate the research model 
in the context of other developing economies and test 
the model in different industrial and cultural con-
texts. Our data collection limited the generalizability 
to other developing economies. Also, future research 
can employ a time separation between the indepen-
dent and dependent variables to observe the long- term 
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causal link in the relationship to unravel deeper 
insights. While we adopted a multiple- informant 
approach, the potential for common method bias may 
arise due to the cross- sectional nature of our data. 
Additionally, this study only investigates the medi-
ating effect of quality management in the relation-
ship between R&D intensity and product innovation. 
However, as illustrated by recent research (Adomako 
et al., 2021), other factors may underlie the relation-
ship and are worth exploring. For example, future 
research could extend our study by modeling how 
the organic and mechanistic elements independently 
mediate the effect of R&D intensity on product 
innovation. Additional moderators, such as market 
orientation, human resource slack, and government 
subsidies on the relationship, could exist as well.
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