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Abstract

The current article aims to study the role of organizational research and development

(R&D) function in sustainable product attributes (SPA) development, using the

knowledge-based view (KBV) theoretical lens. Specifically, this study investigates the

extent of R&D contribution in aggregate and disaggregated SPA development.

Furthermore, this article analyzes the extent to which human capital complements

R&D's contribution to aggregate and disaggregated SPA development. The analysis

of 433 manufacturing firms' panel datasets (from 2002 to 2017) provides evidence of

a positive influence of R&D on aggregate and disaggregated SPA development. The

moderation analysis results confirm that human capital complements R&D's contribu-

tion to SPA development. By studying R&D under the KBV, this study provides

coherence to the R&D-sustainable product development relation and contributes to

R&D-sustainable product literature. This article further contributes to the R&D-

sustainable product relationship by analyzing the complementarity of human capital

in R&D to develop aggregate and disaggregated SPA. This study clarifies to managers

that regardless of resource constraints, a firm can develop SPA by capitalizing R&D

knowledge relatedness to corporate social responsibility, and human capital comple-

ments R&D's contribution to SPA development.
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1 | INTRODUCTION

A product (an economic factor) containing environmental and social

attributes is a sustainable product under the triple-bottom-line (TBL)

based sustainability approach (Ketata et al., 2015). Therefore, a dis-

aggregated sustainable product comprises environmentally sustain-

able product attributes (ESPA) and socially sustainable product

attributes (SSPA). In the contemporary era, the increasing demand by

customers for environmentally sustainable and SSPA pushes the firms

to invest in products containing sustainable attributes for strategic

and economic success (Ullah, 2021; Xie et al., 2019). However,

considering that corporate social responsibility (CSR) initiatives are

costly and share R&D's budget, hence there is competition between

research and development (R&D) and CSR functions to procure

resources (Ullah, 2021). Though firms wish to pursue sustainability

objectives, the strategic need pushes the firms like Sanofi to cut their

CSR budget and re-route it toward generic R&D function for generic

product development (Upton, 2017). However, regardless of the

resource constraints, knowledge relatedness (an aspect of knowledge

management) provides firms an opportunity to extend R&D outcomes
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to CSR domains (Fu et al., 2020), such as SPA development. The

knowledge relatedness (similarities) between R&D and CSR functions

diminishes the associated costs (Fu et al., 2020); hence, a firm can

develop sustainable product attributes (SPA) through the utilization of

R&D knowledge. Therefore, the current study builds on this argument

and intends to empirically explore SPA development by materializing

the R&D knowledge relatedness to CSR under the knowledge-based

view (KBV).

R&D and CSR functions tend to compete for scarce resources within

the same organization because, fundamentally, R&D contributes

to generic product development, and firms need to invest in CSR

knowledge to develop products carrying sustainable attributes. Prior

research (e.g., Costantini et al., 2015; Dangelico, 2016, 2017; Dangelico

et al., 2017; De Medeiros et al., 2014; Demirel & Kesidou, 2011,

2019; Ghisetti & Pontoni, 2015; Hojnik & Ruzzier, 2016; Horbach,

2008; Horbach et al., 2012; Jové-Llopis & Segarra-Blasco, 2018;

Melander, 2018, 2020; Rehfeld et al., 2007; Tumelero et al., 2019;

Ziegler & Rennings, 2004) has analyzed the link of a firm's R&D with

environmental products in specific or with environmental innovation in

general under different theoretical streams except for KBV. Thus, R&D's

relationship with environmental products needs further exploration

under KBV to provide coherence to the R&D and environmental product

relationship. Our article aims to fill this gap in the extant literature.

Furthermore, the prior studies tend to overlook the social dimen-

sion alongside the environmental dimension; hence, the explicit

understanding of the role of R&D in developing the social dimension

of SPA is limited. This limitation further hinders the understanding of

R&D-sustainability literature from (a holistic) sustainable product

perspective defined under Elkington's (1997) TBL approach. There-

fore, to address these literature gaps, by theorizing the R&D under

the KBV, the current paper studies the first research question: “to
what extent does R&D contributes to aggregate and disaggregated

SPA development.”
R&D-CSR relatedness has wide-ranging strategic implications for

a firm's performance, reputation, and relationship with stakeholders

(Fu et al., 2020). KBV assumes that the integration and coordination

of firm-specific specialized knowledge create synergies, but the lim-

ited applicability of specialized knowledge makes it challenging to

materialize the synergies. To resolve the inherent assumption of

knowledge relatedness in the R&D and SPA context, the current arti-

cle focuses on the human capital complementarity in R&D (Riley

et al., 2017). A firm's R&D efficiency is not a linear function; it contin-

uously incorporates human resource input (Song et al., 2018).

Employees' engagement in organizational activities improves firm

innovation (Ma et al., 2019; Wang & Juo, 2021); therefore, it is essen-

tial to harness the employees' specialized knowledge of products

(Zahra et al., 2020). The literature provides evidence of human capital

relatedness to CSR. For instance, Gmelin and Seuring (2014a, 2014b)

and Labuschagne et al. (2005) highlighted that employees take an

interest in the innovation of socially responsible products. Likewise,

Tischner and Nickel (2003) emphasized that a firm's human capital

gives voice to sustainable innovation, for example, environmental-

friendly design, social requirements, and social sourcing/supply chain

activities. Therefore, by considering the human capital relatedness to

CSR and the complementarity of human capital in R&D functions

(Riley et al., 2017), the current study postulates that R&D seeks to

benefit from human capital to contribute to relevant CSR domains. In

addition, some prior studies have analyzed the complementary role of

human capital in R&D (Kijek & Kijek, 2020; Ma et al., 2019; Riley

et al., 2017; Scicchitano, 2010; Zhang et al., 2019). However, to the

best of the authors' knowledge, the extent of human capital comple-

mentarity in R&D's contribution to (aggregate and disaggregated) SPA

is yet to explore. Therefore, this article studies the second research

question: “to what extent does human capital complements R&D's

contribution to aggregate and disaggregated SPA development.”
The manufacturing industry is an important business sector in

contemporary economies. Consumers' sustainability concerns relating

to manufactured products are more pervasive nowadays than before.

The current study uses a panel dataset of 433 United States

(US) manufacturing firms and, based on regression analysis, found a

positive influence of R&D in the aggregated and disaggregated SPA

development. The empirical findings further reveal a positive moder-

ating influence of human capital between R&D and SPA development.

Our article offers two critical contributions to R&D and sustain-

able product literature streams under the TBL and KBV theories. First,

this article determines the extent of R&D contribution to SPA devel-

opment under the KBV. To provide coherence to the relation of R&D

with SPA development, this article studies the extent of R&D's contri-

bution to aggregate and disaggregated SPA development. This study

deviates from the existing R&D-environmental domain literature

(e.g., De Marchi, 2012; Ghisetti et al., 2015; Qi et al., 2020) and

extends the R&D literature to SPA and social dimension of SPA as

explained by Ullah et al. (2021) under the TBL approach. In this way,

this article incorporates the future research recommendations of da

Cunha Bezerra et al. (2020) and Bangsa and Schlegelmilch (2020) to

R&D-SPA literature stream.

Second, our article contributes to R&D and sustainable product

literature by studying the significant role of human capital in R&D to

contribute to SPA development under the KBV. By conceptualizing

and empirically analyzing the role of human capital complementing

R&D's (synergies) contribution to (aggregate and disaggregated) SPA,

this study resolves the inherent paradox of KBV in materializing firm-

specific specialized knowledge synergies to develop aggregate and

disaggregated SPA. In this way, our article also incorporates the

research suggestion of Cillo et al. (2019) to study the role of

employees in the sustainable innovation research stream.

2 | LITERATURE REVIEW AND
HYPOTHESES DEVELOPMENT

2.1 | R&D and CSR knowledge relatedness

Knowledge is a crucial resource (De Carolis, 2002) for any firm from

the KBV perspective (Sveiby, 2001). KBV literature has significantly

developed over the years, and knowledge relatedness has emerged as
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one critical aspect of knowledge management (Tanriverdi &

Venkatraman, 2005). Knowledge relatedness uses the common

knowledge of firms across the departments or business units.

McWilliams and Siegel (2001) emphasized integrating and combining

R&D and CSR knowledge. In the context of the current study,

knowledge-relatedness occurs if R&D and CSR functions share com-

mon knowledge such as customers and/or consumers' demand for

sustainable attributes in products such as social and environmental

attributes. It has been argued that specific knowledge can create

value for multiple stakeholders based on their similar interests

(Fu et al., 2020). For instance, a petition filed in Pakistan for airbags and

other safety equipment inclusion into cars (Tribune, 2020) explains the

multiple organizational customers and individual consumers' demand

for product safety features, which explicitly falls under a product's

social dimension from car manufacturers' perspective. Knowledge of

customer preferences is a foundation for new product development in

R&D functions. Therefore, knowledge relatedness of R&D and CSR

functions leads to the incorporation of CSR dimensions into product

development. The example of the “NeighborNext” program, where

Twitter ended up promoting education (a social attribute) through

software development (Ramanathan, 2016), explains how R&D

knowledge relatedness to CSR is implemented into a product.

The work of Tanriverdi and Venkatraman (2005) on knowledge

relatedness under the KBV provides a theoretical base to R&D and

CSR knowledge relatedness in the SPA context. They identified three

mechanisms driving the knowledge-relatedness among departmental

units or between business units. First, knowledge similarities between

R&D and CSR functions diminish the costs of knowledge accumula-

tion. Second, the shared interest of different stakeholders creates syn-

ergy. Third, specific knowledge addresses several interests of the

same stakeholder. From the sustainable product development per-

spective in current research, the knowledge similarities between R&D

and CSR diminish costs relating to CSR knowledge accumulation

provide a foundation to R&D and CSR knowledge relatedness. The

example of “NeighborNest,” where Twitter gathered knowledge for

new software development and ended up incorporating education

promotion features, diminished the costs relating to CSR knowledge

accumulation and further served the organization's interest to pursue

sustainability objectives alongside generic R&D-based products

development. The “NeighborNest” example explains the economies of

scope of R&D knowledge, which increases the knowledge synergies of

R&D and CSR functions. Thus, knowledge relatedness allows the R&D

function to contribute to SPA development in an organization.

2.2 | Human capital complements R&D

The construct human capital possesses characteristics, such as knowl-

edge, skills, and abilities, available to exploit for gaining value

(Becker, 2009). A firm's human capital undertakes the procedures and

interacts with technology, whereas a firm's R&D indicates the level of

technology and knowledge of a firm (Cohen et al., 2000). Thus, human

capital is often considered a significant factor for obtaining and

processing knowledge within the R&D function in an organization

(Kor, 2006; Kor & Mahoney, 2005). Therefore, organizations build a

resource-base consisting of crucial complementary resources such as

human capital to successfully implement innovations (Campbell &

Banerjee, 2012). Earlier, Teece (1986) also emphasized the signifi-

cance of (a collection of) complementary resources in an organiza-

tion's successful development of innovations.

The notion of complementarity emerged from the work of Milgrom

and Roberts (1995), where complementarity was defined as “activities
are complementary if doing (more of) any of one activity increases the

return of (each of) the other activities.” Campbell and Banerjee (2012)

argued that firms with complementary assets beat the rival firms (with-

out complementary assets). Investment in complementary resources

increases firm performance (Yu et al., 2019). Prior scholars using the

theoretical lens of human capital (Crocker & Eckardt, 2014; Mackey

et al., 2014; Riley et al., 2017) studied the role of human capital comple-

mentarity with other organizational resources such as R&D to establish

its contribution in firm performance. Campbell and Banerjee (2012)

noted the significant role of human capital complementarity in the R&D

to extract value for innovation. For instance, an engineer implements

innovation by efficiently using production technology. Human capital

skills and abilities are important factors for innovation. Therefore,

Leiponen (2005) found complementarities between human capital and

R&D while studying in the firm's innovation context.

The existing research studying R&D and human capital recognize

them as technological-push factors (Tariq et al., 2017). Cohen

et al. (2000) identified human capital as knowledge and R&D as tech-

nology in a firm. Literature (e.g., Corral, 2003; De Medeiros et al., 2014;

Montalvo, 2008) highlights the significance of human capital in R&D

and recognize the human capital as an integral part of R&D. Kor and

Mahoney (2005) acknowledge the significance of employees' interac-

tion with technology while performing complex procedures. In this

regard, Kor (2006) argued that human capital complements R&D signifi-

cantly. González et al. (2016) further empirically supported the comple-

mentary role of employee training in the R&D to innovation. Riley

et al. (2017) also stressed the effective use of human capital to enhance

R&D success. The deployment of R&D resources through human

capital generates margins for firms (Kor, 2006). Based on these

arguments, this research acknowledges that human capital and R&D

are distinct factors and considers that human capital complements R&D

in an organization.

2.3 | R&D and SPA

Scholars have been studying R&D in the sustainability domain at a

broader and generic level and from different perspectives (Hájek &

Stejskal, 2018; Ketata et al., 2015). Halme and Korpela (2014) identi-

fied the significant role of R&D in socially responsible innovation.

Segarra-Oña et al. (2017) find a positive effect of R&D on social

innovation through product orientation. Lubberink et al. (2017)

emphasized that R&D is an essential strategy for social innovation.

However, from the KBV perspective, R&D provides an opportunity to

904 ULLAH AND ARSLAN
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firms to integrate relevant knowledge into social and environmental

product attributes. Market information is generally available; however,

the firm's R&D function synthesizes the information to integrate it

into new products (Ketata et al., 2015). As in the earlier discussed

example of the “NeighborNest” program, Twitter gathered informa-

tion about communities' social challenges, which the R&D department

used to develop the “NeighborNest” program to promote education

and skill development (Ramanathan, 2016). Firms use R&D sources to

harvest information. These literature arguments lead to the theoretical

development of the role of R&D in SSPA under the KBV in the current

research. Therefore, current research studies the R&D contribution to

the development of SSPA.

R&D has a pivotal role in environmental product attributes. It is

considered an essential factor in promoting firm value and generating

returns through developing new products and improving existing

products (Duque-Grisales et al., 2020). Firms obtain external knowl-

edge to innovate (Laursen & Salter, 2006). R&D-CSR knowledge relat-

edness shares relevant knowledge, such as customers' demand for

new product characteristics relevant to environmental sustainability

(Fu et al., 2020). Through external knowledge utilization, R&D

increases the likelihood of developing green innovation (Triguero

et al., 2013). Higher R&D intensity ensures that firms have enough

market knowledge to produce differentiated products and improve

firm performance (Kotabe et al., 2002). Tumelero et al. (2019),

Ziegler (2018), and Rehfeld et al. (2007) also found that R&D posi-

tively contributes to environmental products. Based on these argu-

ments, the current study emphasizes under the KBV that R&D's broad

knowledge spectrum provides firms with an opportunity to respond

to customers' environmental needs by addressing environmental con-

cerns in new products. Therefore, this research studies the R&D con-

tribution to the development of ESPA.

Firms focus on enhancing their sustainability by promoting envi-

ronmental, social, and economic gains (Bacinello et al., 2020). SPA

incorporates social and environmental dimensions; therefore, it is

more complex and challenging. McWilliams and Siegel (2001) stressed

R&D and CSR knowledge integration, resulting in heterogeneous

resources and capabilities bundles, making imitation difficult for com-

petitors (Barney, 1991). Under the KBV, the broad knowledge spec-

trum of R&D provides a margin of similarities between R&D and CSR

domains (Fu et al., 2020); hence, R&D contributes to incorporating

SPA into new product development. Based on Fu et al.'s (2020)

argument, this research emphasizes R&D contribution to SPA

development.

Based on this discussion, we hypothesize that:

Hypothesis 1. R&D positively influences the development

of sustainable product attributes.

Hypothesis 2. R&D positively influences the development

of socially sustainable product attributes.

Hypothesis 3. R&D positively influences the development

of environmentally sustainable product attributes.

2.4 | Human capital, R&D, and SPA

Human capital is part of a knowledge stock (e.g., Wright et al., 2001).

Successful innovation depends on how human capital combines

knowledge components (e.g., You et al., 2021). Thus, human capital is

a critical resource for fostering firm productivity and leading to perfor-

mance differences (Sun et al., 2020). Employees' skills are an essential

internal capability that determines the outcome of R&D (Spithoven &

Teirlinck, 2015). For instance, Adomako et al. (2021) explained the

moderating role of international R&D teams between R&D and new

product performance. In this context, Riley et al. (2017) emphasized

that human capital complements R&D in a firm, further supported by

Song et al. (2018) that a firm's R&D efficiency binds with human

resource quality. Thus, to create strategic value for the firm, the devel-

opment of SPA may involve broad-scale integration of R&D and

human resource knowledge. Under the KBV, a firm's capacity to inte-

grate its employees' specialized knowledge in products provides a

competitive advantage (Zahra et al., 2020). Therefore, based on the

stated arguments, the current paper assumes the complementarity of

human capital in R&D.

To postulate the moderating role of human capital complementar-

ity between R&D and SPA, the specific role of human capital with

aggregate and disaggregated SPA is discussed separately in the fol-

lowing paragraphs.

Engaging firm human resources to take green initiatives is manda-

tory (Amrutha & Geetha, 2020). Employee involvement is an inward

capability that positively interacts with green product innovation

(Chang, 2018). Therefore, Chang (2016) found a positive effect of

human capital on green product innovation. Employee capabilities are

critical in responding to the external business environment through

environmental product innovation (De Medeiros et al., 2014). The

study of Costa-Campi et al. (2017) found the human capital as insig-

nificant in generic R&D context, and however, in the context of envi-

ronmental innovation, human capital positively contributes to

environmental R&D investment. Based on these arguments, this

research suggests that human capital complements R&D to contribute

to ESPA. Therefore, this research studies the complementarity of

human capital in R&D to contribute to ESPA.

Human capital is an essential source of innovation. Employees

are keen on innovating socially sustainable products (Gmelin &

Seuring, 2014a). Employees engage with a socially sustainable product

from different perspectives. For instance, Melles et al. (2011) empha-

sized the changing role of designers as a facilitator in socially sustain-

able design. Tischner and Nickel (2003) emphasized that a firm's

human capital gives voice to sustainable innovation, for example,

environmental-friendly design, social requirements, and social sourc-

ing/supply chain activities. These arguments provide ground to the

significant role of human capital in SSPA. Therefore, by considering

the complementarity of human capital in R&D, this research postu-

lates the complementarity of human capital in R&D to contribute

to SSPA.

SPA is a multidimensional construct comprised of ESPA and

SSPA. Duque-Grisales et al. (2020) emphasized employees' skills and

ULLAH AND ARSLAN 905
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abilities to achieve sustainability. Employee training and education

have a significant role in ESPA and SSPA, and the study of Ketata

et al. (2015) also supports a positive effect of employee training on

the degree of sustainability in firm innovations. Workforce training

and education improve environmental product design and lead to sus-

tainable innovation (Hart, 2005). Severo et al. (2017) used employee

education to operationalize the environmental management construct

and identified a positive effect of environmental management on sus-

tainable product innovation. To extend Riley et al. (2017) conceptuali-

zation of “human capital complements R&D” to the sustainability

domain, it is reasonable to assume that human capital complements

R&D to contribute to SPA. Therefore, this research studies the com-

plementarity of human capital in R&D to contribute to SPA.

The above-reviewed literature describes human capital's role in

R&D and CSR-related dimensions but is limited to studying direct rela-

tions. However, this article studies the moderating role of human capital

complementing R&D contribution in aggregate and disaggregated SPA.

Therefore, to address the scope of this research, we hypothesize that:

Hypothesis 4. Human capital positively moderates the

influence of R&D on the development of sustainable prod-

uct attributes.

Hypothesis 5. Human capital positively moderates the

influence of R&D on the development of socially sustain-

able product attributes.

Hypothesis 6. Human capital positively moderates the

influence of R&D on the development of environmentally

sustainable product attributes.

3 | METHODOLOGY

3.1 | Sample and research design

The study sample is constructed from the data available at Thomson

Reuters Asset4 and WorldScope databases. Asset4 database provides

data for over 900 firm-level data points corresponding to 18 categories

(e.g., employee quality, product responsibility, and product innovation)

aggregated under four corporate sustainability pillars (e.g., Governance,

Economic, Social, and Environment). In addition, the asset4 database

standardizes and verifies the contrasting values to facilitate statistical

analysis (Duque-Grisales et al., 2020), thus providing a highly reliable

dataset.

Due to data limitations in Asset4, this study's sample size consists

of 433 manufacturing sector firms of the United States, for 16 years

period starting from 2002 and ending in 2017. Firms from

20 manufacturing industries consisting of two digits SIC codes

starting from 20 and ending at 39 are included in the study sample.

Due to missing values of certain variables for different firms, the study

sample makes up an unbalanced panel comprised of 6498 observa-

tions (SPA) highest and 5737 observations (R&D) lowest observations.

However, the regression models' functional sample consists of stan-

dard (common) 5048 observations of 406 firms expanded over

15 years due to taking 1-year lag values for independent variables.

Descriptive stats are analyzed for describing the data characteris-

tics (e.g., mean and SD). The correlation matrix is analyzed to demon-

strate the correlation between study variables. The variance inflation

factor (VIF) test is also analyzed to ensure the absence of collinearity

in variables. The Hausman test is applied to ascertain the appropriate-

ness of the fixed-effect or random-effects regression model based on

the chi-square p-value. Based on the Hausman test p-value above .05,

the random-effect model is applied in the study analyses. We

employed three sets of panel regression models for studying each

dependent variable, namely SPA, ESPA, and SSPA. This study uses a

random-effect regression model to examine study hypotheses.

Control variables are included in all three sets of regression

models; however, the first regression model includes the R&D (inde-

pendent variable), the second regression model incorporates the

human capital (moderating variable) as an independent variable, and

the third regression model includes the moderation effect of human

capital alongside R&D and human capital as independent variables.

3.2 | Variable measurement

A firm strategy adopted in the previous year may materialize the firm's

conduct in the following year (Maria et al., 2018). Product innovation

usually needs time; therefore, by following Papagiannakis et al. (2019)

to test the study hypotheses, this study operationalizes the indepen-

dent variables (R&D and Human capital) by taking the 1-year lag

values.

3.2.1 | Sustainable product attributes

This study measures the environmental product attributes based on

product innovation scores ranging from 1 to 100 taken from Asset4.

Gangi et al. (2020) used this score to measure green product innova-

tion, and Nemlioglu and Mallick (2017) used this score to measure

environmental product innovation. This score reflects the efficiency

and capacity of a firm to reduce environmental costs through demateri-

alization and eco-designed products. Product responsibility score rang-

ing from 0 to 100 from Asset4 is used to measure the socially SPA.

Papagiannakis et al. (2019) used this measure for operationalizing

“product responsibility.” This study combines the “product innovation”
and “product responsibility” scores and uses the average for measuring

SPA by following (Ullah et al., 2021).

3.2.2 | Research and development

Fu et al. (2020) studied R&D and measured it with R&D intensity.

Therefore, this study measure R&D through the ratio of R&D

expenses to total sales. Hussain, Rigoni, and Cavezzali (2018) also

906 ULLAH AND ARSLAN
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used this score for measuring R&D intensity. Data of R&D intensity is

taken from the WorldScope database.

3.2.3 | Human capital

The human capital measure is taken from Bettinazzi and Zollo's (2015),

further used by Papagiannakis et al. (2019) to measure human capital.

The alternate measure of human capital (workforce training and devel-

opment; Dal Maso et al., 2020) is related to the quality dimension of

human capital, which is distant from the complementarity concept.

The complementarity focuses on “doing an activity” (Milgrom &

Roberts, 1995); thus, this study uses the Bettinazzi and Zollo's (2015)

measure of “employee engagement” consists of four dummy items

ranging from zero (lowest) to four (highest), taken from the macro-

category “employee quality” of the Asset4 database.

3.2.4 | Control variables

Following the literature (e.g., Fu et al., 2020; Maria et al., 2018;

Papagiannakis et al., 2019), this study includes several control vari-

ables in empirical models to account for possible alternative explana-

tions. This study includes firm size, financial resources slack,

globalization, leverage, return on asset (ROA), physical capital inten-

sity, and sales growth as control variables. Data for control variables

are taken from the WorldScope database.

Firm size is operationalized by taking the log of total sales

(Duque-Grisales et al., 2020). García-Sánchez et al. (2020) used this

measure to operationalize sales as the total sales log. Larger firms got

more coverage and scrutiny from analysts in financial markets. Stake-

holders likely appreciate the firm's investments in human capital (Riley

et al., 2017). Large-sized firms are expected to confront more stake-

holders' pressure regarding environmental concerns (Papagiannakis

et al., 2019). Therefore, it is critical to control for firm size in an

econometric model of this study.

Financial resources slack represents the liquidity level, which can

be used for any specific activity, such as environmental issues

(Kraatz & Zajac, 2001). This study controls financial resource slack

because Ghisetti and Rennings (2014) argued that higher financial

resource slack increases the level of environmental innovation in an

organization. This study uses the measure used by Duque-Grisales

et al. (2020) and Papagiannakis et al. (2019) to operationalize financial

resources slack by dividing current assets into current liabilities.

Globalization represents the level of internationalization of a firm.

Ketata et al. (2015) operationalized internationalization by dividing for-

eign sales by total sales. A high degree of global trade is associated with

the sustainable development of businesses (Ras & Vermeulen, 2009).

Therefore, it is essential to control the firm's internationalization into

the empirical model as it influences the firm's environmental perfor-

mance (Duque-Grisales et al., 2020).

Leverage is controlled by following the study of Maria et al. (2018).

Jyoti and Khanna (2021) and Martínez-Ferrero and García-Meca (2020)

calculated the leverage as total debt to total equity ratio. Less debt in

capital structure provides firms the freedom to route their resources

toward nonprofit-making activities like distinct CSR dimensions

(García-Sánchez et al., 2019; Hussain, Rigoni, & Orij, 2018.

ROA is a return on assets ratio taken from the study of García-

Sánchez et al. (2021). Hamann et al. (2013) argue that ROA is a widely

used proxy for operationalizing organizational efficiency. Likewise,

Maria et al. (2018) use ROA to proxy profitability. Considering that effi-

cient organizations may engage in sustainability practices (Fu

et al., 2020), it is crucial to incorporate ROA into the regression model.

Sales growth is calculated as the percentage change in total sales

from the previous year's sales. Hussain, Rigoni, and Orij (2018) used

this measure to operationalize sales growth. This study controls sales

growth, which is crucial for generating employment (Nason &

Wiklund, 2018). Barbera and Hasso (2013) also identified that sales

growth allows firms to acquire external resources (e.g., engaging

external advisors) to mitigate internal resource deficiency.

Physical capital intensity is measured through the ratio of prop-

erty, plant, and equipment to total sales. Riley et al. (2017) used this

measure to calculate the physical capital intensity variable. Labor and

capital are two well-known factors of production; however, empirical

economics is evident in physical capital substituting labor in produc-

tion and employing more automated equipment (Mansfield, 1994). As

a result, it became difficult for firms with high-physical capital inten-

sity to invest in human capital and leverage the competitive advantage

associated with human capital (Riley et al., 2017). Therefore, it is

essential to control physical capital intensity in the regression model.

4 | RESULTS

4.1 | Descriptive statistics, correlation matrix, and
VIF results

The mean and SD values for the study variables are presented in

Table 1 alongside the correlation matrix. Relatively low correlation

coefficients show that predictor variables are not suffering from col-

linearity issues. The VIF values further ensure the absence of collin-

earity. Firm size and human capital have higher correlation values

because capital and labor are two factors of a firm's production

(Mansfield, 1994). Therefore, firm size and human capital have higher

correlation values; however, VIF results indicate the absence of collin-

earity in firm size (2.03) and human capital (1.69). All the other correla-

tion values among study variables are in the normal range (<0.30), and

VIF also confirms the absence of collinearity. Correlation results indi-

cate positive but low-R&D relation and highly positive human capital

relation with dependent variables. The high correlation of human capi-

tal with SPA is an indicator of human capital relatedness, hence pro-

viding a foundation for an explanation about; how important is an

employees' input into R&D. It also explains the reason behind how

R&D yields on human capital relatedness under the KBV. Therefore, it

is crucial to study the human capital complementarity with R&D.

Except for specific control variables, namely “financial resource slack”
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and “sales growth,” having a negative correlation, all the remaining

control variables have a positive correlation with dependent variables.

4.2 | Regression results

This research uses a panel data regression model to analyze the

hypothesized relations, including control variables. Based on the

Hausman test results, this study uses the random-effect model to cal-

culate all three sets of regression estimations. The study results are

reported variable-wise, thus in SPA, ESPA, and SSPA sequence. There-

fore, the results section discusses the hypotheses relevant to specific

variables rather than following the hypotheses sequence.

Table 2 presents the results of aggregated SPA for hypotheses 1

and 4. Model 1 of the regression analysis shows the combined effect of

all the control variables on the SPA with an r-square value of 0.41.

Hypothesis 1 postulates that R&D influences SPA development. Model

2 presents the significant positive effect of R&D on SPA with a p-value

of less than 0.01 for hypothesis 1. R&D influences SPA with a coeffi-

cient value of 0.18. The current study result is in line with the finding

of Fu et al. (2020) research, studying broader multidimensional CSR.

Furthermore, current study results correspond to the findings of

Ketata et al. (2015), studying the positive effect of R&D on broader

sustainable innovation. Model 3 includes human capital as an indepen-

dent variable. R&D relation with SPA remains significantly positive,

further confirming the significant positive effect of R&D on SPA.

Model 4 includes the moderating effect of human capital between

R&D and SPA. Significantly positive results of Model 4 confirm

hypothesis 4 of this study. The moderation effect results conform to

Hájek and Stejskal's (2018) and Ketata et al.'s (2015) arguments that

human capital is a significant factor in sustainable innovation. Model

4 estimation coefficient value of 0.12 states the moderation influence

of human capital on the R&D and SPA relation. This result confirms

that human capital stimulates a firm's resource productivity (Sun

et al., 2020).

Table 3 reports the regression estimates of hypotheses 2 and 5 of

ESPA. Model 5 documents the control variables effect by the r-square

value of 0.40 on ESPA. Model 6 studies the direct effect of R&D on

ESPA with a coefficient value of 0.29 and a p-value of less than 0.01.

Current study result correspond to findings of Tumelero et al. (2019),

Ziegler (2018) and Rehfeld et al. (2007). Model 7 includes human capi-

tal as an independent variable; however, the R&D effect on ESPA

remains significant. Therefore, this study confirms that hypothesis 2 is

statistically significant, hence accepted. Model 8 incorporates human

capital's moderation effect and confirms the significantly positive mod-

eration of human capital between R&D and ESPA. The current study's

empirical finding confirms that moderation increases the strength of

the R&D effect on ESPA with a value of 0.20. Hence, based on the sta-

tistically significant positive results with a p-value less than 0.01,

hypothesis 5 is accepted. The current study result corresponds to Song

et al.'s (2018) argument that R&D efficiency is tied with human capital.

The moderation result confirms Spithoven and Teirlinck's (2015) argu-

ment that human capital determines the R&D outcome.T
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Table 4 presents the regression analysis results for hypotheses 3

and 6 of SSPA. Model 9 reports the combined effect value (r-square)

of 0.32 of control variables on SSPA. Results in Model 10 indicate the

significant positive effect of R&D on SSPA with a coefficient value of

0.27. The current study finding is in line with the finding of Halme and

Korpela (2014). Furthermore, the intensity of R&D influence on SSPA

of the current study also corresponds to the weight of R&D influence

on social innovation studied by (Segarra-Oña et al., 2017). Model

11 confirms this finding with a significant p-value after including

human capital as an independent variable. Therefore, this study

accepts hypothesis 3. Finally, model 12 estimates the moderation

effect of human capital to test hypothesis 6. The significantly positive

TABLE 2 Regression results for sustainable product attributes (SPA)

Model 1 Model 2 Model 3 Model 4

Main effects Coefficient Coefficient Coefficient Coefficient

R&D 0.186206*** 0.110679*** 0.090439***

Human capital 16.82946*** 16.54533***

R&D � Human capital 0.125119**

Control variables

Financial resource slack 0.775979*** �0.412786* �0.018951 �0.035750

Globalization 0.176853*** 0.135766*** 0.151524*** 0.149104***

ROA 0.155312*** 0.271705*** 0.155068*** 0.150789***

Size 30.65831*** 30.36522*** 14.38887*** 14.17589***

Physical capital intensity 2.125065* �5.449232*** �5.006897*** �4.798790***

Leverage 0.002612 �0.051532*** �0.023630 �0.022768

Sales growth �6.98E-05 �0.000112 1.59E-05 8.70E-06

C �173.3275*** �164.8336*** �76.42934*** �74.99089***

R-squared 0.416188 0.440505 0.597244 0.597640

F-statistic 540.7714*** 495.9166*** 829.9264*** 748.0159***

Observations 5318 5048 5047 5047

Note: Significance levels: *p < .10. **p < .05. ***p < .01.

Abbreviation: R&D, research and development; ROA, return on asset.

TABLE 3 Regression results for environmentally sustainable product attributes (ESPA)

Model 5 Model 6 Model 7 Model 8

Main effects Coefficient Coefficient Coefficient Coefficient

R&D 0.296782*** 0.163419*** 0.129914***

Human capital 17.39418*** 16.81185***

R&D � Human capital 0.206957***

Control variables

Financial resource slack 0.796396*** 0.641721** 0.402861* 0.370571

Globalization 0.184060*** 0.174288*** 0.174123*** 0.168941***

ROA 0.140408*** 0.197005*** 0.112770*** 0.107043***

Size 33.07305*** 34.11527*** 16.67563*** 16.51293***

Physical capital intensity 4.036628*** 4.459272*** 0.565179 0.782565

Leverage 0.001264 0.009617 0.002666 0.001600

Sales growth �0.000101 �0.000113 �3.27E-06 �1.41E-05

C �189.6322*** �196.3865*** �95.27294*** �93.90726***

R-squared 0.408177 0.417674 0.561112 0.561702

F-statistic 523.1835*** 451.7780*** 715.5251*** 645.3897***

Observations 5318 5048 5047 5047

Note: Significance levels: *p < .10. **p < .05. ***p < .01.

Abbreviation: R&D, research and development; ROA, return on asset.
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outcome of Model 12 regression confirms the moderation of human

capital between R&D and SSPA with a coefficient value of 0.23.

Therefore, based on significant regression estimates, this article

accepts hypothesis 6. The current study finding is in-line with the the-

oretical argument of Gmelin and Seuring (2014a).

4.3 | Robustness check

Fu et al. (2020) use an alternate scale approach to check the robust-

ness of the results. Therefore, this study uses the alternate scale

“workforce training and development” to operationalize the human

TABLE 4 Regression results for socially sustainable product attributes (SSPA)

Model 9 Model 10 Model 11 Model 12

Main effects Coefficient Coefficient Coefficient Coefficient

R&D 0.272677*** 0.140514*** 0.101951***

Human capital 17.29099*** 16.65216***

R&D � Human capital 0.237875***

Control variables

Financial resource slack 0.824566*** 0.683781*** 0.452798* 0.421891**

Globalization 0.171045*** 0.162899*** 0.162809*** 0.156978***

ROA 0.167273*** 0.220979*** 0.137440*** 0.130433***

Size 28.35302*** 28.88134*** 11.55662*** 11.34861***

Physical capital intensity 0.317558 0.828436 �3.049692*** �2.785959**

Leverage 0.009373 0.020830 0.013983 0.013521

Sales growth �3.55E-05 �5.28E-05 5.83E-05 4.63E-05

C �157.9878*** �161.6143*** �61.18276*** �59.53011***

R-squared 0.322897 0.326446 0.478440 0.479483

F-statistic 361.7476*** 305.2770 513.3970*** 463.8989***

Observations 5318 5048 5047 5047

Note: Significance levels: *p < .10. **p < .05. ***p < .01.

Abbreviation: R&D, research and development; ROA, return on asset.

TABLE 5 Regression results for
robustness check

Model 1 (SPA) Model 2 (ESPA) Model 3 (SSPA)

Main effects Coefficient Coefficient Coefficient

R&D 0.165368*** 0.174375*** 0.154373***

Human capital 14.93450*** 16.64174*** 13.71845***

R&D � Human capital 0.102312* 0.056282 0.145770**

Control variables

Financial resource slack 0.754934*** 0.814885*** 0.773114***

Globalization 0.122308*** 0.125479*** 0.119286***

ROA 0.137472*** 0.115258*** 0.151177***

Size 18.86840*** 20.29548*** 17.13365***

Physical capital intensity �1.173965 0.468693 �2.613913**

Leverage 0.025634 0.030461* 0.032300

Sales growth 2.17E-05 1.07E-06 3.95E-05

C �104.9537*** �115.8636*** �92.72944***

R-squared 0.554914 0.552138 0.430840

F-statistic 627.8655*** 620.8546*** 381.2134***

Observations 5047 5047 5047

Note: Significance levels: *p < .10. **p < .05. ***p < .01.

Abbreviations: ESPA, environmentally sustainable product attributes; R&D, research and development;

ROA, return on asset; SPA, sustainable product attributes; SSPA, socially sustainable product attributes.
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capital for a robustness check. Designing and implementing human

capital training and development activities for knowledge development is

an increasingly vital pre-requite to survive in modern knowledge-based

economies (Kianto et al., 2017). Furthermore, human capital training and

development influence the firms' environmental performance (Dal Maso

et al., 2020). Competent employees are the key to sustainable develop-

ment in an organization (Piwowar-Sulej, 2021). Therefore, it is crucial to

consider the quality dimension of human capital while studying human

capital in the R&D process. While checking the robustness of study

results with alternate operationalization of human capital, this paper finds

an opportunity to reflect on the role of the quality dimension of human

capital in the discussion. We use dummy values of 4 items of “workforce

training and development” describing the company's policy, implementa-

tion, monitoring, and improvement objectives for employee training and

development, available in Asset4, and added them to develop a scale of

human capital training and development variable. This scale ranges from

0 to 4, and 1-year lag values are used in the analysis as we used in our

primary models of regression estimation.

The descriptive stats, correlation matrix, and all three estimation

models for each dependent variable (SPA, ESPA, and SSPA) are

regressed for the robustness checks. However, regression models,

including moderation estimations, are reported only in Table 5. Results

of non-reported models are significantly positive for all independent

main effect variables. Reported results of moderation analysis corre-

spond with the original findings, except ESPA is non-significant (shown

in Model 2). Still, the coefficient value of 0.05 shows a positive modera-

tion, supporting the study's primary findings. Based on the robustness

check, hypothesis 2 is rejected, and all the other hypotheses are

accepted. This specific result indicates that human capital training and

development are insufficient to complement R&D to contribute to

organizations' ESPA. Thus, it is diminishing the outcome of R&D in the

environmental domain. Human capital training and development is an

indicator of the quality of human resources. It implies that organizations

need to improve their human resource quality to contribute to the envi-

ronmental dimension. Therefore, organizations need to spend more

resources to train their employees.

5 | DISCUSSION

This study investigates the extent of R&D contribution in the devel-

opment of aggregate and disaggregated SPA and the extent of human

capital complementing R&D's contribution in developing aggregate

and disaggregated SPA under the KBV. This study specifically

addresses the challenge of aligning R&D activities to address a mana-

gerial challenge of incorporating sustainability dimensions into prod-

ucts so that firms can respond to customers' demand for (distinct or

holistic) sustainable attributes in products (such as social and environ-

mental attributes). Based on KBV, this study stressed channelizing the

knowledge-based resources, such as materializing the R&D knowledge

relatedness to CSR (synergies) and human capital complementarity to

R&D to contribute to aggregate and disaggregated SPA development.

Knowledge relatedness (similarities) between R&D and CSR functions

allows firms to develop SPA. Therefore, this research emphasizes that

R&D (significantly) contributes to multidimensional SPA development

under the KBV. Statistically significant results provide vital support to

the hypothesized relation of R&D with the SPA development, robust

across SPA, ESPA, and SSPA. The study results support the findings of

Fu et al. (2020). The study results' coefficient values show the extent

of R&D's influence on aggregate SPA; however, in the disaggregated

SPA, a marginally higher R&D contribution is noted in ESPA compared

to SSPA. The extent of influence of R&D on distinct dimensions of

SPA explains the extent of distinct attributes, which firms can develop

by materializing (generic) R&D under the KBV.

Theoretically, human capital complements R&D; therefore, to fur-

ther strengthen the R&D contribution to the SPA domain, this study

emphasizes that the complementarity of human capital increases the

R&D contribution in SPA. The results of this study support this notion

across the aggregate and disaggregated SPA dimensions. However, the

study results' coefficient values identify a marginally higher contribution

of R&D in SSPA compared to ESPA. This margin of difference of R&D's

direct influence on disaggregated SPA (a comparatively higher influence

on ESPA) and the margin of difference of human capital complementing

R&D's influence on disaggregated SPA (a comparatively higher influ-

ence on SSPA) is close to equal. This interesting finding explains that

when human capital complements R&D, it diminishes the differential of

influence (comparatively lower influence of R&D on SSPA) and bal-

ances the R&D's influence on disaggregated SPA (increases the influ-

ence on SSPA). This research finding of human capital complementing

R&D's contribution to (aggregate and disaggregated) SPA resolves the

inherent paradox of KBV in the current study's R&D-SPA context.

These research findings contribute to the KBV assumption by develop-

ing the complementarity of resources to materialize the R&D knowl-

edge synergies in the SPA context.

5.1 | Theoretical implications

Based on the findings, the current paper offers several theoretical impli-

cations. First, the current study's theoretical underpinning of R&D knowl-

edge relatedness to CSR in a more specific SPA context, where the

significant positive influence of R&D on SPA (multidimensional construct)

confirms Fu et al.'s (2020) thesis under the KBV. The current study

advances the R&D-SPA literature under the KBV and provides coher-

ence to R&D and sustainable product relationships. The current research

studies the extent of a firm's R&D contribution to aggregate and dis-

aggregated (SSPA and ESPA) SPA theorized under the TBL approach. In

this way, this research contributes to R&D-SPA literature by studying

the contribution of R&D in the neglected social dimension alongside the

environmental dimension under the broader SPA construct.

Second, the current study's finding of R&D contribution to SPA

development and distinct dimensions of SPA challenges the KBV

assumption. It implies that organizations found a way to integrate and

coordinate knowledge to materialize knowledge-based synergies in

the SPA context. By studying the human capital complementarity, this

article finds an answer to what made it possible for organizations to
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materialize the R&D's knowledge-based synergies in SPA develop-

ment. In this way, this study advances the human capital construct

into the sustainability research stream to answer the call of Cillo

et al. (2019). Based on the significant moderation of human capital,

this research confirms the role of human capital complementarity in

R&D's contribution to SPA development, whether aggregated or dis-

aggregated. In this way, this research extends the study of Riley

et al. (2017) to the sustainability research stream.

Lastly, this article contributes to the research design of R&D and

SPA literature by using a panel dataset of manufacturing sector firms

for analysis. Bangsa and Schlegelmilch (2020) identified that only 1%

of sustainable product studies used panel data for analysis in a litera-

ture review. Therefore, by using a panel dataset, current research pro-

vides a necessary contribution to the research design of a sustainable

product research stream.

5.2 | Managerial implications

The current paper offers several managerial implications as well. In

the context of the ongoing Covid19 pandemic, many manufacturing

firms have lost/lowered liquidity, and it becomes difficult for firms to

pursue sustainability objectives due to costly CSR initiatives. This arti-

cle suggests to the managerial audience that firms can develop SPA

by materializing R&D relatedness to CSR (synergies) regardless of

resource constraints. In the Covid19 context, scholars have argued

that the ongoing pandemic has further strengthened the need for sus-

tainability in organizations (e.g., Ikram et al., 2020), which makes the

understanding of the critical linkage between R&D and SPA even

more critical for the managerial audience.

It is further crucial to stress that scholars like Fu et al. (2020) have

highlighted practitioners' concern about the firm's reputation and risk

associated with the firm's excessive emphasis on a specific dimension.

Therefore, by studying the R&D with disaggregated SPA, this article

clarifies to managers the extent to which R&D influences SPA's social

and environmental dimensions. Hence, this study results of dis-

aggregated SPA offer the manufacturing firms' managers an opportu-

nity to adjust emphasis on ESPA and SSPA.

The study findings of human capital moderation clarify to managers

the extent of human capital complementarity in R&D to contribute to SPA

development. Based on the moderation findings of disaggregated SPA

analyses, this research suggests, managers should increase human capital

engagement to complement R&D to contribute to disaggregated SPA

development. Human capital complementarity allows managers to balance

the R&D's contribution to disaggregated SPA development. In this way,

managers can harness knowledge-based synergies in the organization.

5.3 | Concluding remarks

In summary, this study sought to explore the extent of R&D contribu-

tion to SPA development empirically. Empirical results support the

theoretical argument and show that R&D contributes to SPA

development. The human capital complements R&D's contribution to

SPA development and creates balance into distinct dimensions of SPA

development. This research adds to the R&D-sustainable product

research stream by explicitly focusing on the R&D and human capital

under the KBV. In this way, the current study resolves the paradox of

materializing knowledge synergies in R&D and sustainable product

development context. This research seeks to inform managers that

materialize the R&D knowledge relatedness to CSR and increase

human capital engagement in R&D to contribute to the balanced

development of aggregate and disaggregated SPA. Moreover, robust-

ness analysis alarms the managers and policymakers of the insufficient

level of employees' knowledge development to contribute to the envi-

ronmental domain of SPA.

5.4 | Study limitations and future research
directions

This research is limited to studying human capital in manufacturing

sector firms. It is vital to explore this study's R&D-SPA model in the

services industry because it is knowledge-based and heavily reliant on

human capital. Considering that human capital is complementary in

the services industry, it is recommended to study human capital train-

ing and development in future research.

Human capital is a source of innovation (González et al., 2016).

Industry 4.0 is a new industrial maturity stage (Benitez et al., 2020),

which has changed humans' role in organizations (Neumann

et al., 2020). Therefore, firms are increasing physical capital intensity,

resulting in lower investments in human capital training (Snell & Dean

Jr, 1994); hence, the level of knowledge development diminishes in

firms. This current shift to industry 4.0 could have severe repercus-

sions regarding sustainable development. Therefore, it is vital to

explore the effect of physical capital intensity on SPA.

This research is limited to studying human capital as a comple-

mentarity factor to materialize specialized knowledge of R&D syner-

gies. However, regression models' explanatory value (r-square)

indicates the space for other factors besides human capital and con-

trol variables; thus, this research calls to explore other factors contrib-

uting to R&D-SPA interlinkage.
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