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Abstract: Drawing on an adapted CDM model, we present evidence on the role of strategic and operational absorptive capacity on innovation

and productivity across industries in developing economies. Using a pooled cross-sectional sample from Chilean innovation surveys, we find that

greater absorptive capacity (ACAP) helps firms to increase their innovative investment and the probability of producing technological innovations,

which then increases firms’ labor productivity. Additionally, the effect of the strategic dimension is stronger than the operational dimension aspect,

which means that the strategy of reaching these external sources might be more important than the skill of a firm” internal units to acquire and

transform external information. We find that while strategic ACAP is a stronger predictor of investment and technological innovation in both

manufacturing and services companies, but operational ACAP has differing effects.
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1. Introduction

Recent economic growth in Latin America has been largely under-re-
searched in comparison to other regions, with stagnant productivity
levels presenting the most urgent challenge (Crespi, Tacsir & Vargas.,
2016; Alvarez & Grazzi, 2018; Zahler, Goya & Caamano, 2018). Con-
sequently, research has suggested the importance of innovation to im-
prove productivity, applying technological advances to lead to more
effective use of productive resources, and the transformation of new
ideas into new economic solutions (Crespi & Zuiiga, 2012).

Latin American’s emerging markets differ from developed markets
in their innovation pursuits. For example, Latin America relies more
on imitation and technology acquisition rather than R&D; engages in
exploitation over exploration tasks; pursues less product innovation;
and lacks many developed innovation networks (Geldes & Felzensz-
tein, 2013; Ketelhohn & Ogliastri, 2013; Geldes, Felzensztein & Pala-
cios, 2017). In this region, most studies have measured innovation behavior
through inputs such as R&D or innovation expenditure and outcomes
such as innovation performance or technological innovation.

Alvarez and Grazzi (2018) identified that the dominant methodolo-
gy used to examine the relationships among these variables has been
Crepon-Duguet-Miresse (CDM) model (Crepon, Duguet & Maires-
se, 1998). This model has been used in more than 40 countries, being
the most appropriate model when analyzing microdata based on the
Oslo Manual (Loof, Mairesse & Mohnenc, 2017; OECD, 2005). The
CDM model is a structural model of the main variables impacting
firm innovation. Following the baseline model, there are four equa-
tions: (1) The firm’ decision to invest in innovation; (2) the intensi-
ty of the investment in innovation; (3) the knowledge production
function linking innovation intensity and innovation outcomes; and
(4) the output production function, in which firm productivity is a

function of innovation outcomes and other control variables. In addi-
tion, using the CDM model offers an advantage when dealing with
the problems of selectivity bias and endogeneity in the functions of
innovation and productivity.

In recent decades, several studies (Zahra & George, 2002; Del Carpio
& Miralles, 2018; Schmidt & Rammer, 2006; Lau & Lo, 2015; Chen
& Chang, 2012; Ortigueira-Sanchez et al., 2020) have analyzed the
positive effect of absorptive capacity (ACAP) on the product, process,
organizational, and marketing innovations. However, despite the im-
portance of absorptive capacity in the innovation process, there has
been little quantitative research focused on the effect of absorptive
capacity on innovation investment and productivity using the CDM
model. While previous studies of ACAP in developing countries have
supported its positive effect on innovation, they have done so without
addressing endogeneity problems.

Based on an adapted CDM model, this paper presents evidence about
the role of strategic and operational absorptive capacity on firm deci-
sions to invest in innovation activities, technological innovation, and
productivity for developing economies. Specifically, we conduct three
surveys across a sample of Chilean firms to examine the relationships
between innovation and productivity across the manufacturing, ser-
vice, and agricultural/extractive industries.

By comparing industries in developing countries, we gain insight into
how the innovation process differs across sectors and geographical
areas (Crossan & Apaydin, 2010). Likewise, there is not a consensus
about innovative behavior among industries. Geldes, Felzensztein &
Palacios (2017) indicate that product innovation affects innovation
performance across industries, and Alvarez, Bravo-Ortega & Zahler
(2015) find similar determinants of technological innovation in ma-
nufacturing and service Chilean firms.
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Chile is an excellent context in which to examine this issue. Often
considered the most competitive country in the Latin American, Chi-
le is also the most innovative country in the region, ranking 53 in
the Global Index of Innovation (WIPO, 2021). However, as a typical
emerging economy, it focuses on primary-products export where in-
novation does not play a very relevant role and contributes relatively
little direct value to its economy.

Results study provide insight into the relevant role of ACAP in the
innovation process, addressing endogeneity problems through the
CDM model. First, we find that strategic and operational absorptive
capacity have positive and significant effects on expenditure and the
probability of producing technological innovation outcomes, mean-
while, its effects on labor productivity were indirect through the po-
sitive impact of innovation investment and technological innovation.
This issue contributes to our understanding of how ACAP plays a
relevant role to correct the inefficient use of R&D that hinders the
development of radical innovation and has a higher impact on inter-
national markets (Crespi and Zuiiiga, 2012).

Second, the study highlights the specific behavior of strategic and
operational absorptive capacity across industries. Comparing ma-
nufacturing and services companies, strategic ACAP is a stronger
predictor of investment and technological innovation in both sec-
tors, but operational ACAP has different effects. Alvarez et al. (2015)
observed that the service sector shows very similar behavior to the
manufacturing sector in innovation inputs, outputs, and productivity
determinants. Therefore, operational absorptive capacity might be a
more relevant variable to study differences among industries.

Third, we confirm the importance of measuring absorptive capacity
from a multidimensional perspective. We find that ACAP, as measu-
red through its strategic and operational dimensions, suggests that
the strategy of reaching these external sources and the skill of internal
units to acquire and transform external information are variables that
had not been before in the CDM model, but they are critical to un-
derstanding innovation processes.

The rest of the paper is structured as follows. The second section pro-
vides a brief overview of the literature and includes the hypotheses
relating to absorptive capacity and innovation. The third section out-
lines the quantitative methodology used for the study and presents
sample descriptive statistics. Next, the study’s econometric results are
presented along with a discussion and conclusions.

2. Literature Review

2.1 CDM review

The CDM model has become the most important method for mea-
suring innovation and productivity, being used to examine over 40
countries. This structural model explains how research investment
connects to innovation output and by extension productivity, and it
suggests a method of correcting for the selectivity and the endogeneity
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inherent to many innovation studies. According to Lo6f, Mairesse &
Mohnenc (2017), this methodology is most appropriate to analyze
and study innovation survey data based on the Oslo Manual (OECD,
2005), which is the guideline for innovation surveys conducted by
members of the European Union and countries within the OECD.

Crespi & Zuiiga (2012) examined five Latin American countries
using the CDM model and found that firms investing in R&D have
greater capabilities for introducing new technological advances.
Additionally, they found that those firms that engage in innovation
have a greater impact on their productivity than those that do not.
Additionally, the determinants of innovation investment are much
more heterogeneous in developing countries than in OECD coun-
tries: Firm size increases the probability of investing in innovation,
whereas exporting, being part of a multinational, and receiving public
support positively impact investment for some but not all.

Tello (2015) recognizes different results for developed and develo-
ping countries. In developed countries, intense R&D investment is a
strong predictor of improving innovation - products, process innova-
tion, or patents (Lo6f & Heshmati, 2002; Loof et al., 2003; Janz, Loof
& Peters 2004; Van Leeuwen & Klomp, 2006; OECD, 2009). However,
Tello observed mixed conclusions about how R&D transforms into
innovation in developing markets. Following Tello, studies such as
Pérez, Dutrenit & Barceinas (2005), Chudnovsky, Lopez, & Pupato
(2006), and Benavente (2006) failed to find any significant effect of
innovation on firms’ productivity in Argentinean and Mexican firms,
meanwhile, in Chile, the size and market share increase the probabili-
ty of R&D investment, but not the intensity of R&D.

Regarding the innovation capabilities of manufacturing firms in Chi-
le, previous studies (Alvarez, Bravo-Ortega & Navarro; 2011) have
confirmed the importance of firm size as well as cooperation with
universities and technology centers for increasing the probability of
R&D investment. Simultaneously, R&D investment intensity increa-
ses the probability of introducing new products, but it does not im-
pact new processes.

Comparing manufacturing and service companies, there is evidence
that exporting, patent protection, and firm size affect the decision to
invest in innovation across both sectors, meanwhile exporting and
cooperation are a stronger prediction of innovation intensity and te-
chnological innovation (Alvarez, Bravo-Ortega & Zahler; 2015).

Finally, Alvarez & Grazzi (2018) argued that there is a substantial dis-
crepancy in the specification of the equations to analyze innovation
using the CDM model, which makes it difficult to recognize the main
factors of innovation in Latin American economies. Even studies
with common specifications across countries such as Crespi & Zu-
figa (2012) have identified different determinants for each economy.
For this reason, previous research has suggested that there are several
challenges in terms of creative identification strategies for looking at
causal determinants of innovation, especially those related to barriers
such as lack of competition and human capital.
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2.2 Absorptive Capacity at the Strategic and Operational Level of
the Organization

The concept of absorptive capacity (ACAP) is defined as a firm’s abi-
lity to learn from external knowledge through processes of knowled-
ge identification, assimilation, and exploitation (Cohen & Levinthal,
1990). This concept has been linked to the use of intangible assets
as knowledge, which are remarked as a driver of a firm’ performan-
ce (Harris & Lee, 2018; Eustace, 2000; Corrado et. al., 2011; Haskel,
2015). Several studies have emphasized the importance of absorptive
capacity for increasing a company’ productivity. Patel, Terjesen & Li,
(2012) argued that this capacity creates organizational competencies
and cultivates sources of competitive advantage; Tu et al. (2006) indi-
cated that ACAP improves the ability to implement new manufactu-
ring practices; some research focuses on the cooperation with supply
chain partners (Zacharia, Nix & Lusch; 2011), and acquire supply
chain technology (Autry et al., 2010). Vlaci¢ et al. (2019) suggested
that higher levels of ACAP could positively influence business per-
formance in technology-driven firms that regularly perform R&D
activities.

Previous research has measured absorptive capacity multidimensio-
nally rather than using a proxy like R&D or human capital for the
construct. Zahra & George (2002) argued that ACAP can be broken
down into two dimensions: i) potential capacity which comprises
knowledge acquisition and assimilation, and ii) realized capacity that
transforms the assimilated knowledge to the already established ex-
ploitation ability. These two dimensions have been identified as com-
plementary, interrelated, and necessary (Harris & Lee, 2018).

Yan, Yu & Dong (2016) and Diaz-Molina (2018) suggested that the
concept of strategic absorptive capacity from an organizational lear-
ning perspective could be linked to Zahra and George’s (2002) poten-
tial capacity. Absorptive capacity is associated with strategic learning
and mechanisms of the firm to use external knowledge as input for
dealing with radical and incremental innovation. Connecting to the
realized capacity dimension, some studies (Patel, Terjesen & Li, 2012;
Diaz-Molina, 2018) suggested an operational absorptive capacity
which is described by authors such as the skill of a firm’ internal units
to acquire, assimilate, transform, and exploit external information.
Moreover, this dimension expanded beyond its innovation focus on
efficiency and productivity, being observed not only from R&D but to
all functional areas of an organization.

This study applies the strategic and operational dimensions of ACAP,
which include the distinctive effects of potential and realized ACAP,
to the CDM model.

2.3 The impact of absorptive capacity on innovation in developing
countries

Many studies have analyzed the positive effect of absorptive capacity
on product, process, organizational, or marketing innovations in de-
veloped countries (Zahra & George, 2002; Schmidt & Rammer, 2006;
Chen & Chang, 2012; Garcia-Morales, Moreno & Llorens-Montes
2007; Vlaci¢ et al.,, 2019). However, it is difficult to generalize the
results obtained from developed economies to developing economies.
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These economies experience different obstacles to innovation, such as
late adoption; emphasis on technology acquisition over R&D; empha-
sis on exploitation over exploration tasks; and lower product innova-
tion (Geldes & Felzensztein, 2013; Geldes, Felzensztein & Palacios,
2017; Crespi & Zuiiga 2012).

In addition, despite the importance of the absorptive capacity for
the innovation process, few quantitative studies have focused on the
effect of ACAP on innovation and productivity using the CDM mo-
del (Gombau & Segarra, 2011; Howell, 2017). Although some research
has been carried out on innovation and productivity using the CDM
model in Latin American economies (Crespi & Zuniga, 2012; Alvarez,
Bravo-Ortega & Navarro, 2011; Tello, 2015; Brown & Guzman; 2014;
Raffo, Lhuillery & Miotti., 2008), few studies have focused on the role
of absorptive capacity. This is unfortunate, as Crespi and Zuniga (2012)
argue that the failure of R&D to correlate significantly with innovation
outcomes and productivity in developing countries could be explained
by being far from the technological frontier and having weak or no in-
centives to invest in innovation. Moreover, the few studies of develo-
ping countries that found support for the positive effect of ACAP on
innovation have done so without controlling by endogeneity in innova-
tion and productivity (Del Carpio & Miralles, 2018).

Given the literature review and considering the limited literature in
this line of research, this study explores whether absorptive capacity
supports the development of innovation and productivity in emer-
ging economies using the CDM model. In other words, do the strate-
gic and operational dimensions of absorptive capacity improve i) the
amount or intensity of innovation investment, 2) innovation outco-
mes, and 3) productivity of firms?

Cohen and Levinthal (1989) found that ACAP affects R&D expen-
ditures such as learning incentives. In other words, the greater the
quantity of knowledge to be assimilated and exploited, the greater will
be the incentive for R&D spending. Therefore, efforts to reach outside
the organization for new knowledge acts like a learning environment
that triggers investment - the strategic dimension. Additionally, the
ability of a firm’ units to transform, and exploit external knowled-
ge initiate attempts to spend on training, best practices, and reward
systems for incremental improvements — the operational dimension.

To advance knowledge of the association between absorptive capacity
and the innovation investment of firms, the following hypothesis is
proposed:

H1. Strategic absorptive capacity increases the innovation investment
of firms

H2. Operational absorptive capacity increases the innovation inves-
tment of firms

On the other hand, Lau & Lo (2015) remarked that absorptive ca-
pacity helps to make changes in the organizational culture, R&D
investment, and diffusion channels, consequently improving orga-
nizational innovation. Additionally, acquisition and assimilation
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capabilities help firms identify sources of new external knowledge,
which opens the firm’s cognitive schemas and grants awareness of
radical innovations that transform industries (Cohen and Levinthal,
1989). Transformation capability helps the firm develop new percep-
tual schema and change existing processes (Zahra & George, 2002)
and assists in developing new product ideas with new information,
while exploitation capability converts knowledge into new products
(Gao et al., 2008). Thus, we defined the following hypothesis:

H3. Strategic absorptive capacity increases innovations outputs of
firms

H4. Operational absorptive capacity increases the innovations out-
puts of firms

Based on Tello (2015), Alvarez, Bravo-Ortega & Zahler (2015), and
Crespi & Zuiiga (2012), we analyze the indirect effect of absorptive
capacity through the measure of the effects of expenditure in inno-
vation and innovation outputs on labor productivity. Thus, the fo-
llowing hypothesis is tested:

H5. Expenditure of expenditure in innovation increases labor pro-
ductivity of firms

Heé. Innovation outputs of expenditure in innovation increase the la-
bor productivity of firms.

In addition, it is particularly critical how innovative process differs
across sectors and geographical areas (Crossan & Apaydin, 2010).
Likewise, Geldes, Felzensztein & Palacios (2017) indicate that pro-
duct innovation affects innovation performance across industries,
meanwhile, Alvarez, Bravo-Ortega & Zahler (2015) find similar de-
terminants of technological innovation in Chilean manufacturing
and service firms. According to this, our study tests hypotheses across
industries to examine differences among manufacturing, service, and
agricultural/extractive companies.

3. Methodology

3.1 Study’ background: Innovation in Chile

The barriers to innovation in emerging markets such as Latin Ameri-
can countries differ from those of developed markets. These barriers
include socio-political uncertainty, low compliance with laws, the
existence of an informal economy, and a strong reliance on interper-
sonal ties, networking, or partnership alliances (Geldes, Felzensztein
& Palacios, 2017). These differences make it difficult to directly map
the innovation patterns in Latin America onto those of more develo-
ped markets, and vice-versa.

To extend existent knowledge about innovation and absorptive ca-
pacity in emerging countries, we study the case of Chile, one of four
OECD member countries in Latin America. Chile’s economy is both
the most competitive in this region and the most innovative, ran-
king 53" on the Global Index of Innovation (WIPO, 2021). Likewise,
the Chilean economy is estimated at USD279,885 million, placing it
among the world’s 50 largest economies (World Bank, 2021). Nevertheless,
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as an emerging economy, Chile focuses on exporting primary pro-
ducts, which involved little innovation. According to OECD/Eurostat
(2020), this country presents 24% of innovative firms while OECD
countries average 49%; meanwhile, technological innovation is 18%
and 40% in Chile and OECD countries respectively. Additionally,
Chile shares several innovation-related problems with the region.
Specifically, they tend to adopt innovation later than developed coun-
tries; focus on imitation and technology acquisition rather than R&D;
engage in exploitation rather than exploration tasks; pursue less pro-
duct innovation, and lack coordination with national innovation sys-
tems or innovation networks (Geldes & Felzensztein, 2013; Geldes,
Felzensztein & Palacios, 2017).

3.2 Sampling and data collection

Our main source of data is the Innovation Survey carried every two
years by the Chilean National Institute of Statistics (INE) and the Chi-
lean Ministry of Economy. Eleven rounds of the survey have been un-
dertaken between 1994 and 2018. Following several previous studies
(Zahler, Goya & Caamano, 2018; Alvarez, Bravo-Ortega & Zahler,
2015), we use a pooled cross-sectional sample of the 9, 10, and 11™
surveys — which cover the years 2013-14, 2015-16 and 2017-18, res-
pectively - to expand the sample size while maintaining methodolo-
gical consistency. Therefore, our data set includes data from a pooled,
cross-sectional sample of 17,457 Chilean companies.

These surveys, with some small variations, have maintained standar-
dized questions according to the Oslo Manual (OECD, 2005) and
thus can be used effectively in comparing estimations over time. It
is important to indicate that we do not undertake panel estimations
because the number of cases decreases significantly, varying substan-
tially from surveys and concentrating on larger firms.

3.3 Estimation methodology

The CDM model is a structural model that compares the main va-
riables of the process of innovation of firms. Following the baseline
model, we use an adapted CDM model with four equations: (1) The
firm’ decision to invest in innovation; (2) the intensity of innovation
investment; (3) the knowledge production function linking innova-
tion intensity and innovation outcomes; and (4) the output produc-
tion function, in which firm productivity is a function of innovation
outcomes and other control variables. Through these equations, the
CDM model addresses the problem of selectivity bias and endogenei-
ty in the functions of innovation and productivity.

Using our adapted CDM model, we explore several hypotheses rela-
ted to the impact of strategic and operational absorptive capacity on
dependent variables.

Following specifications suggested by Crespi and Zuiiga (2012) and
Alvarez et al (2015), we estimate Equations 1 and 2 using a gene-
ralized Tobit that considers the decision to invest and the amount
invested in innovation. For Equation 3, we use the predicted value
of innovation intensity as an explanatory variable in the knowledge-
production function, where the innovation outcome is measured by
a categorical variable that accounts for technological innovations,
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either product or process. Finally, for Equation 4, the predicted values
of innovation outcomes are used as explanatory variables in the out-
put production function.

3.3.1 Absorptive capacity

The theoretical variable examined in this study is absorptive capaci-
ty, defined as the ability to learn from external knowledge through
knowledge identification, assimilation, and exploitation (Cohen &
Levinthal, 1990). Zahra and George (2002) reconceptualize this term
as a firm’ dynamic capability about knowledge acquisition, assimila-
tion, transformation, and application to gain and sustain a competi-
tive advantage.

There are many measures of ACAP. Harris, Krenz, and Moffat (2021)
examined several proxies about this concept, identifying different
perspectives. Some studies concentrate on R&D investment, R&D
department or R&D employees (Cohen & Levinthal, 1990; Veugelers,
1997; Huang et al., 2015); meanwhile, other authors analyze measu-
res of human capital measures, e.g., number of employees with an
undergraduate, masters, or doctoral degree (Crescenzi & Gagliardi,
2018; Xia & Roper, 2008). In addition, some approaches concentrate
on combined measures of the use of knowledge from external sources
(Arbussa & Coenders, 2007; Harris & Li, 2009; Harris &Yan, 2019;
Murovec & Prodan, 2009).

We use Diaz-Molina’s model (2018) which defined two dimensions
of absorptive capacity, which are related to the potential and realized
capacity theorized by Zahra and George (2002): i) strategic absorptive
capacity, which is associated with strategic learning and the ability to
use and integrate external knowledge to acquire a competitive advan-
tage; and ii) operational absorptive capacity, which is linked to the
firm’s ability to reach outside its boundaries for operational knowled-
ge (i.e., engineering, operational, information systems).

Strategic absorptive capacity was derived from a factor analysis con-
ducted on a set of questions from the survey addressing the external
sources to which firms reach out to engage in innovation activities.
These external sources are classified as suppliers, customers, compe-
titors, consultants, universities, research facilities, conferences, publi-
cations, professional associations, and the internet. Answers to these
ten questions were dichotomous. Thus, a polychoric procedure was
conducted before the factor analysis. The results were rotated for a
better fit, and factors with an eigenvalue higher than 1.0 were retai-
ned, covering 94% of the total variance.

Because Chile’s Innovation Survey as our data asks no direct question
related to operational absorptive capacity, we use a proxy following
Setia and Patel (2013). Specifically, we assume that certain firms have
established engineering and information systems departments that
may reach out to other institutions or firms to learn about state-of-
the-art practices in their respective areas as a means to improve opera-
tions. Following this, we use a dummy variable to measure operational
absorptive capacity that has a value equal to 1 when the firm has de-
partments in at least one of these categories: engineering, R&D, or IS.
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Table 1 summarizes the resulting loadings for each relevant factor.
Despite lower communalities, strategic absorptive capacity presents
a higher Cronbach’ Alpha (0.86), indicating high reliability. Additio-
nally, this construct is similar to other studies on the effect of external
sources on innovation (Harris & Le, 2019; Harris & Li, 2009; Harris
& Yan, 2019).

Table 1. Factor analysis for strategic absorptive capacity

Strategic Absorptive Capacity

Loading
Survey Item Factor 1 Communality
External Market Sources of
Information:
Suppliers 0.83 0.31
Customers 0.85 0.27
Competitors 0.82 0.32
Consultants 0.84 0.28
External Institutional
Sources of Information:
Universities 0.85 0.27
Research Institutes 0.83 0.30
External Other Sources of
Information:
Conferences 0.91 0.16
Publications 0.90 0.17
Professional Associations 0.87 0.23
Internet 0.92 0.14
Eigenvalue 7.51
% of Total Variance 94
Cronbach’ Alpha 0.86

3.3.2. Innovation Investment

The generalized Tobit or Heckman maximum likelihood estimators
to model the decision to invest and the amount invested in Innova-
tion are linked to Equation 1 - the decision to invest in innovation-
and Equation 2 - the amount of investment -.The regression equation
account for firms innovative effort IE; (Figure 1), which is a latent
variable, where X'1; is a determinant of innovation effort; f is a vec-

i+ is an error term. The proxy of

IE is measured by the (log) expenditures on innovation activities per
worker.

IE; = X'1,B +¢; (Figurel)

If firms report innovative expenditures, it is the risk of selection bias.
Instead, Crespi and Zuiiiga (2012) assume that whether the firm de-
cides to do innovation investment or not (Figure 2), where [D;is is
an innovation decision binary endogenous variable equal to zero for
firms that do not invest in innovation and equal to one if it spends
resources in innovation; ID;] is a corresponding latent variable such
that firms decide to invest in innovation if it is above a certain thres-
hold denoted by c ; and W is a vector of explanatory variables.
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ID; = 1if ID; =W + a+e; > c,and 0 otherwise (Figure 2)

Therefore, conditional on firm i engaging in innovation activities, the
observed the amount innovation investment (IEi ) is given by Figure
3, where X’y; is a determinant of innovation effort; p is a vector of pa-
rameters of interest; and €;

is an error term. The proxy of IE is mea-
sured by the (log) expenditures on innovation activities per worker.

IE; = X"+B +e; if ID;=1,and 0 otherwise if ID; = 0 (Figure 3)

The firm’ decision to invest in innovation activities (1= yes, 0= no) is
controlled by explanatory variables such as export which is defined as
a dummy variable for exporters; size which is the number of workers
(in logs); foreign ownership is a dummy variable for foreign-owned
firms; and patent protection which is other dummy for those firms
that filed for a patent in the previous period.

For innovation intensity — log expenditures on innovation activities
per worker-, we include as explanatory variables: strategic and ope-
rational absorptive capacity, export, size, foreign ownership, patent
protection, cooperation - dummy variable for firms that have some
cooperative arrangement on innovation activities- public financial
support - dummy variable that indicates whether the firm uses public
resources for funding R&D investments- and survey period -time of
survey application-.

3.3.3. Knowledge or Innovation Production Function

The next equation in the adapted CDM model is the knowledge or
innovation production function, where dependent variable for inno-
vation output is a dummy variable that indicating whether the firm
declares having introduced either a product or process innovation
(Crespi & Zuiiiga, 2012; Alvarez, Bravo-Ortega & Zahler, 2015; Tello,
2015). Therefore, we use the following probit regression (Figure 4):

Tl = IE}5+ Y 'y + p, (Figure 4)

where TTi is knowledge outputs by technological innovation, /E; is
the predicted value of the firm’ innovative effort from the estimated
generalized Tobit equations described above, is a vector of explana-
tory variables and l; is an error term. As well as in Tobit equations,
strategic and operational absorptive capacity are included as expla-
natory variables. Additionally, we use control variables such as firm
size, public finance, exporting, foreign ownership and survey period.
The introduction of predicted value of the firm' innovative effort is
a mechanism to deal with the potential endogeneity of innovation
investment.
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3.3.4. Output-Production Function

Based on Alvarez et al. (2015), last equation relates innovation to la-
bor productivity assuming a Cobb-Douglas production function as
follows:

Vi=aiky+ a1+ u (Figure 5)

where y is labor productivity -log of real sales per worker-; k is capi-
tal stock per worker; I is the innovation outcome and l; is an error
term. To deal with the endogeneity of the innovation variable, we
include the predicted values of innovation outputs and innovation
inputs as innovation expenditure. There is a lack information about
capital stock or investment, for this reason, we included new equip-
ment investment as explanatory variable. In addition, we use size,
new equipment and survey period.

Results

Table 2 presents descriptive statistics for the innovation variables di-
vided by sector. As found in other Latin American countries, innova-
tion is carried out in very few companies. Specifically, we observe that
18.3% of the sample engages in technological innovation - 8.9% in
product innovation and 14.9% in process innovation -manufacturing
firms have more propensity to innovate. However, non-technological
innovation presents similar rates between manufacturing and servi-
ces companies (15.7% and 14% respectively). Regarding innovation
inputs, 43.7% of the surveyed firms present a percentage of total ex-
penditure on innovation activities, being manufacturing firms have
more propensity to innovate than other sectors.

Furthermore, we observe that 17.3% of the sample has developed
actions related to strategic absorptive capacity, which means that
they engage with external knowledge as an input for dealing with
radical and incremental innovation. In addition, operational ab-
sorptive capacity presents in a higher proportion of the sample at
27.0%, indicating that more companies intend to develop internal
units for acquiring, assimilating, transforming, and exploiting ex-
ternal information. Across both dimensions, manufacturing firms
have higher innovation-related percentages than those in other in-
dustries.

Regarding our control variables, 12.8% of companies export goods,
mainly in the manufacturing industry, meanwhile cooperation on in-
novation activities only represents 4.1%.
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Table 2: Descriptive statistics
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Manufacturing Services Agricultural/Extractive Total
Product Innovation 12.1% 8.2% 5.2% 8.9%
Process Innovation 18.4% 13.5% 14.2% 14.9%
Organizational Innovation 12.1% 10.8% 6.9% 10.7%
Marketing Innovation 9.6% 8.3% 3.2% 8.1%
Technological Innovation 22.6% 16.7% 16.1% 18.3%
Non- Technological Innovation 15.7% 14.0% 8.4% 13.9%
Expenditureon 54.1% 40.5% 36.1% 43.7%
Innovation activities
Innovation Intensity (mean) 613.4 740.8 709.7 702.9
Strategic absorptive capacity 22.1% 15.5% 15.1% 17.3%
Operational absorptive capacity 34.2% 26.3% 13.6% 27.0%
Firm Size (mean) 164.3 198.4 125.4 180.4
Exporting 23.9% 6.9% 16.9% 12.8%
Log Labor productivity (mean) 10.7 10.8 10.7 10.7
Cooperation 5.5% 3.6% 3.4% 4.1%
Public financial support 4.9% 3.1% 4.1% 3.7%
Foreign ownership 8.3% 6.9% 5.5% 7.1%
Patent protection: 3.4% 1.7% 0.9% 2.1%
New equipment 17.5% 11.9% 13.3% 13.6%
Number of firms 4,860 10,576 2,020 17,457

Notes: Innovation survey data, waves 9, 10, and 11. Chilean Ministry of Economy

Table 3 presents the Heckman estimated results for the determinants
of the likelihood to engage within the firm and the intensity of this
expenditure — the log of innovation expenditure per worker. We find
that size, being an exporter, and the use of patent protection positively
affect the probability of engaging in innovation investment, which is
similar to previous Chilean and Latin American investigations (Cres-
pi & Zuniga 2012; Alvarez, Bravo-Ortega & Zahler, 2015; Tello, 2015;
Brown & Guzman; 2014).

We also identify several positive and significant predictors of innova-
tion intensity, such as being an exporter, public financial support, and
patent protection. Absorptive capacity plays a positive role in innova-
tion intensity: The coefficients for strategic and operational absorp-
tive capacity are positive and significant for the dependent variable.
However, its impact is different across sectors: Strategic absorptive
capacity has a great impact on manufacturing and services firms,
whereas operational absorptive capacity is a strong predictor only for
services companies. Overall, this finding supports Hypothesis 1 and
Hypothesis 2 about strategic and operational absorptive capacity in-
creasing the innovation investment of firms.

ISSN: 0718-2724. (http://jotmi.org)

Table 4 shows results for the innovation output equation - the pro-
bability of introducing technological innovation. Findings indicate
that innovation intensity and size are important factors that increase
the probability that firms will develop innovative output. Coherent
with previous evidence from Alvarez et al (2015), exports and foreign
ownership have negative and significant effects on innovation output.
In addition, innovation intensity appears to have greater predictive
strength for manufacturing than other industries.

Additionally, we observe that strategic and operational absorptive ca-
pacity impact technological innovation across all sectors, excepting
services sector to operational dimension, supporting Hypotheses 3
and 4. The effect of the strategic dimension is stronger than that of
the operational dimension, indicating that the strategy of reaching
out to external sources is more important than the skill with which a
firm’s internal units acquire and transform external information. This
finding is consistent with Del Carpio and Miralles (2018), though our
study also considers the potential endogeneity of innovation inves-
tment.
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Table 3. Probability of investing in innovation (ID) and intensity of innovation expenditure per employee (IE)

9th, 10th, and 11th Innovation Surveys 2013-2018

Variables (1) . (2_) R ©) . @
Manufacturing Services Agricultural/Extractive Total
Selection (prob of spending in innov)
Exporting 0.32%%* 0.25%%* 0.37*** 0.32%**
(0.05) (0.06) (0.04) (0.03)
Foreign 0.20%** -0.05 -0.15 0.03
(0.07) (0.06) (0.15) (0.04)
Size 0.2400¢ 0.17%%¢ 0.18* 0.18*
(0.01) (0.01) (0.02) (0.01)
Patent protection 1.09* 0.92%** 1.06*** 1.14%%¢
(0.10) (0.08) (0.34) (0.07)
Intensity (log amount spend in innov per employee)
Exporting 0.60%** 0.79%** 1.25%** 0.93***
(0.13) (0.20) (0.34) (0.10)
Foreign 0.38** 0.52** 0.63 0.45%*
(0.17) (0.20) (0.47) (0.13)
Public financial support 0.31%%* 0.45%* 0.19 0.440*
(0.14) (0.45) (0.25) (0.09)
Patent protection 0.59%* 2,124 1.09* 2.25%
(0.20) (0.26) (0.56) (0.19)
Co-operation in R&D 0.03 0.18 -0.36 0.09
(0.13) (0.13) (0.33) (0.09)
Strategic absorptive capacity 0.88* 0.95%%¢ 0.76 0.9400¢
(0.21) (0.19) (0.48) (0.14)
Operational absorptive capacity -0.02 0.43*** 0.06 0.24***
(0.12) (0.10) (0.28) (0.08)
Observations 4,786 10,014 1,931 16,733

Notes: Innovation survey data, waves 9, 10, and 11. Firm-level pooled Heckmann regressions controlling for survey. **p<0.01, **p<0.5, *p<0.1.

Table 4. Probability of Technological Innovation, (TI: introduction of product or process innovation)

o) . (3)
Manufacturing (2) Services Agricultural/Extractive (4) Total
Constant -6.82°0* -1.510* -3.13%* -1.95%¢
(1.77) (0.05) (1.21) (0.09)
IE_p (predicted Inn exp per employee) 4,34x** 1.13*** 1.64 0.97***
(1.41) (0.20) (1.49) (0.15)
Size 0.09*** 0.06*** 0.08** 0.07*%*
(0.02) (0.01) (0.03) (0.01)
Exporting —0.68*** —0.47*%* -0.57 —=0.31
0.22) (0.10) (0.56) (0.06)
Foreign -0.26* -0.314%* -0.70** -0.274%*
(0.12) (0.08) (0.33) (0.06)
Public financial support -0.01 -0.05 0.30 0.11
(0.17) (0.12) (0.25) (0.08)
Strategic absorptive capacity 2,924 2,994 3.9200¢ 3.35%%%
(0.38) (0.19) (0.52) (0.14)
Operational absorptive capacity 0.43%%* 0.04 0.28** 0.24*
(0.05) (0.06) (0.13) (0.03)
Log pseudo-likelihood -1.701.7 -3,371.7 -584.9 -5,683.7
Adj. R-Squared 0.34 0.27 0.33 0.29
Observations 4,786 10,011 1,931 16,733

Notes: Innovation survey data, waves 9, 10 and 11. Firm level pooled Probit regressions controlling for survey. **p < 0.01, **p < 0.5, *p < 0.1.

ISSN: 0718-2724. (http://jotmi.org)

Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economia y Negocios.



Finally, Table 5 regression coefficients of the labor productivity (TFP)
reports that the predicted values of innovation intensity and innova-
tion inputs are statistically significant and lead to higher TFP perfor-
mance. This finding supports Hypotheses 5 and 6 about the indirect
effect of absorptive capacity on labor productivity through expendi-
ture in innovation and innovation outputs. Interestingly, we find that
non-technological innovation is a stronger positive determinant of
TFP when analyzing the effect of innovation outputs. Moreover, we
find that technological innovation and innovation intensity results
appear to be more important for manufacturing than for service and
agricultural/extractive companies, whereas non-technological inno-
vation appears to have a similar impact for all firms.

5. Discussions

Our findings are consistent with the broader CDM empirical literatu-
re in developing countries (Crespi & Zuiiga, 2012; Tello, 2015; Alva-
rez et al.,, 2011; Alvarez et al.,2015); Specifically, we find that firm size,
being an exporter, and use of patent protection positively impact the

Table 5. The impact of innovation on labor productivity (Y: log sales per employee)

J. Technol. Manag. Innov. 2021. Volume 16, Issue 4

probability of engaging in innovation investment, meanwhile these
predictors and public finances are significant for innovation inves-
tment. For technological innovation, predicted innovation intensity
and size are important factors for increasing the probability to deve-
lop innovative output. In addition, we confirm the positive impact of
innovation input on labor productivity through the effects of non-
technological innovation as well as the predicted values of innovation
intensity and technological innovation inputs.

Regarding our theoretical hypotheses, we find that absorptive ca-
pacity appears to help firms increase their investment in innova-
tive activities and thus the probability of producing technological
innovation outcomes. Additionally, the observed effects of ACAP
on labor productivity were indirect, operating through the positive
effects of IE and technological innovation on TFP, particularly for
manufacturing firms. Therefore, results confirm the importance of
absorptive capacity in the virtuous circle in which R&D spending,
innovation, and productivity are interconnected, especially the stra-
tegic dimension.

(1) (1) . i (3) Agricultural/ (3) Agricultural/ (4) (4)
. . (2) Services (2) Services ) K
Manufacturing Manufacturing Extractive Extractive Total Total
Constant 11.0%** 4.90*** 11.3%0%* 11.14%* 10.74%* 8.04*** 11.4%%* 9.09***
(0.12) (0.22) (0.09) (0.04) (0.21) 0.27) (0.07) (0.04)
TI_p (Technologi- 0.27*** 0.08*** 0.08 0.19***
cal innovation)
(0.03) (0.03) (0.06) (0.02)
IE_p (predicted Inn 4.390%* 1.28%%* 2,510 171
exp per employee)
(0.19) (0.07) (0.27) (0.06)
Non Technological 0.12%** 0.05 0.11%* -0.03 0.30* 0.21 0.12%** 0.03
Innovation
(0.05) (0.05) (0.05) (0.04) (0.15) (0.14) (0.03) (0.03)
New equipment -0.18+%* -0.18%%* -0.05 -0.23%* 0.01 -0.09 -0.12%0* -0.20%*
(0.05) (0.04) (0.06) (0.05) (0.12) (0.09) (0.04) (0.04)
Size 0.02* -0.01 -0.13%* -0.17%* -0.05* -0.14%* -0.10** -0.1270%*
(0.02) (0.01) (0.09) (0.08) (0.02) (0.02) (0.01) (0.01)
Adj. R-Squared 0.05 0.13 0.02 0.02 0.08 0.02 0.06
Observations 4,782 4,782 9,984 9,984 1,927 1,927 16,698 16,694

Notes: Innovation survey data, waves 9, 10, and 11. Firm-level pooled OLS regressions controlling for the survey.

*p <0.01, *p < 0.5 *p <0.1.
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In addition, the effect of the strategic dimension is stronger than the
operational dimension aspect, which means that the strategy of reaching
these external sources should be more important than the skill of a firm”
internal units to acquire and transform external information. In develo-
ping economies, reaching external knowledge seems to be more critical
than operational efficiency for improving innovativeness performance.

Finally, based on some studies which suggest different innovative
across sectors (Crossan & Apaydin, 2010; Geldes, Felzensztein & Pa-
lacios, 2017), we identified some differences among industries. Regar-
ding innovation intensity, strategic absorptive capacity has a positive
impact on manufacturing and services firms, meanwhile operational
absorptive capacity is a stronger predictor only on services compa-
nies. Technological innovation presents a positive impact of opera-
tional ACAP in manufacturing and agricultural/extractive firms,
meanwhile, strategic ACAP has a stronger effect on all industries -
especially the agricultural/extractive sector-.

Coherent with previous evidence from Alvarez, Bravo-Ortega & Za-
hler (2015), the impact of innovation intensity on technological inno-
vation appears to be stronger for manufacturing than other industries.
The impact of non-technological innovation and innovation intensity
on productivity seems to be more important for manufacturing than
for service and agricultural/extractive companies. Non- technological
innovation presents a similar impact for all firms.

6. Conclusions, implications, and limitations

Despite previous studies have discussed the relation between innova-
tion and productivity in developing countries using the CDM model
(Crespi & Zuiiiga, 2012; Alvarez, Bravo-Ortega & Navarro; 2011; Tello,
2015; Brown & Guzman; 2014; Raffo, Lhuillery & Miotti., 2008; Edeh &
Acedo, 2021; Alvarez, Bravo-Ortega & Zahler, 2015), there is still very
little evidence explaining the role of absorptive capacity (ACAP) across
industries. This paper filled this gap by examining whether the strategic
and operational dimensions of absorptive capacity improve the amou-
nt or intensity of innovation investment, innovation outcomes, and
productivity in firms. Using a pooled cross-sectional sample of 17,457
Chilean companies, this study uncovers valuable information about an
under-researched region and serves as a contrast with traditional litera-
ture which frequently focuses only on developed countries. This contri-
bution is seemed crucial when Crespi and Zuriiga (2012) argue that the
failure of R&D to correlate significantly with innovation outcomes and
productivity in developing countries could be explained by countries
being too far from the technological frontier and relevant incentives to
invest in innovation being weak or absent.

6.1. Implications for theory

Our study makes several theoretical contributions. First, our findings
fill a crucial gap in our knowledge about the relations among ACAP,
innovation, and productivity as understood by the CDM model.
Specifically, we find that ACAP affects R&D expenditures, such as
learning incentives, and improves organizational innovation, thereby
helping to change organizational culture, increase R&D investment,
and leverage diffusion channels (Lau & Lo, 2015).
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Second, the study confirms the importance of measuring absorpti-
ve capacity from a multidimensional perspective. We draw on Diaz-
Molina’s (2018) model outlining the two dimensions of absorptive
capacity - strategic and operational capacity - and find the importan-
ce of reaching out to external sources and developing firm internal
units to acquire and transform external information.

Third, the study examines the role of absorptive capacity in Chile, a
typical emerging economy that focuses on primary products, imita-
tion innovation, and technology acquisition. The findings show that
ACAP could play a relevant role to correct the inefficient use of R&D
that hinders the development of radical innovation and has a higher
impact on international markets (Crespi and Zuiiga, 2012). Based on
these findings, the application of strategic and operational knowledge
in emerging economies could help them to overcome barriers to in-
novation such as socio-political uncertainty; lack of compliance with
laws; the existence of an informal economy; and the use of interper-
sonal ties, networking, or partnership alliances (Geldes and Felzen-
sztein, 2013; Ketelhohn and Ogliastri, 2013; Geldes, Felzensztein &
Palacios, 2017; Ketelhohn and Ogliastri, 2013).

Finally, the study highlights the specific behavior of strategic and ope-
rational absorptive capacity across industries. Comparing manufac-
turing and services companies, strategic ACAP is a stronger predic-
tor of investment and technological innovation in both sectors, but
operational ACAP has different effects. Alvarez et al. (2015) observed
that the service sector shows very similar behavior to the manufac-
turing sector in innovation inputs, outputs, and productivity deter-
minants. Therefore, operational absorptive capacity might be a more
relevant variable to study differences among industries.

6.2. Practical and policy implications

Our findings suggest several important practical implications. Ma-
nagers tend to implement strategies relying on knowledge as a resou-
rce for acquiring competitive advantage in innovation. Thus, teams
should develop knowledge that integrates external sources of infor-
mation - i.e., strategic ACAP — and convert this asset into operational
knowledge - operational ACAP. Hence, managers should prioritize
investments in the acquisition, assimilation, and transformation of
knowledge, add regular interactions of employees with other de-
partments and stakeholders (Patel, Terjesen & Li, 2012). The key is
to develop organizational learning capabilities to achieve competitive
advantages.

Regarding policy, findings support the promotion of innovation
programs in developing countries, especially those focused on the
development of knowledge as a resource to achieve competitive
advantages. In Chile, legislation related to tax incentives in R&D
and innovation has proven to be very effective. Additionally, our
findings recognize differences across sectors; therefore, it is impor-
tant to consider specific strategies to develop absorptive capacity
and innovation depending on the economic sector. As recommen-
ded by Zahler, Goya & Caamano (2018) to deal with obstacles to
innovation, policies should be horizontal for the former and vertical
for the latter.
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6.3. Limitations and future research directions

Despite the positive results, the study has some limitations related to
the conceptualizations of strategic and operational absorptive capa-
city. These variables have been created through proxies derived from
Chilean Innovation Surveys which are guided by the Oslo Manual
(OECD, 1997). Therefore, their conceptualization might be not fu-
lly accurate, especially the operationalization of operational ACAP.
Future research should consider improving the operationalization of
both dimensions.

In addition, future research should analyze the effect of absorptive ca-
pacity across countries, using the CDM model. Based on Crespi and
Zuiiga (2012), studies should be replicated in other Latin American
countries, analyzing similarities and differences about the impact
of ACAP in each country. Additionally, the analysis should integra-
te other non-traditional sectors such as intensive business services
-KIBs- or high-tech companies.
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