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Abstract

Greater attention should be given to low- and medium-low- tech companies in emerging countries because
they contribute a significant share of GDP and employment in their economies. However, innovation
practices of these companies have not taken yet the attention of innovation scholars. This article proposes
a model to study how absorptive capacity, perceived impact of information sources and expenditure in
acquisition of technology are associated with technological innovation practices in Peruvian low- and
medium-low-tech manufacturing companies. A sample of 856 manufacturing companies of low- and
medium-low- tech was obtained from the first National Survey of Innovation in the Manufacturing
Industry carried out in 2012. A SEM model is proposed and has been analyzed using a partial least
squares approach. Our study reveals that absorptive capacity is associated to improve technological
innovation, that perceived impact of information sources are important for absorptive capacity and that

greater importance should be given to the acquisition of technology: machinery, hardware and software.
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Resumen

Debe prestarse mayor atencion a las empresas de baja y media baja intensidad tecnoldgica en los paises
emergentes porque contribuyen con una parte importante del PBI y el empleo en sus economias. Sin
embargo, las practicas de innovacion de estas empresas no han llamado la atencién de los investigadores
en innovacion. Este articulo propone un modelo para estudiar como la capacidad de absorcién, el impacto
percibido de las fuentes de informacién y los gastos en la adquisicién de tecnologia estdn asociados
con las pricticas de innovacion tecnoldgica en las empresas manufactureras peruanas de baja y media
baja intensidad tecnoldgica. Una muestra de 856 empresas manufactureras de baja y mediana-baja
tecnologia se obtuvo de la primera encuesta nacional de innovacion en la industria manufacturera rea-
lizada en 2012. Se propone un modelo SEM que ha sido analizado utilizando un enfoque de minimos
cuadrados parciales. Nuestro estudio revela que la capacidad de absorcion estd asociada a la mejora
de la innovacién tecnoldgica, que el impacto percibido de las fuentes de informacién es importante
para la capacidad de absorcién y que se debe dar mayor importancia a la adquisicién de tecnologia:

maquinaria, hardware y software.

Codigo JEL: 030,032, 055.
Palabras clave: capacidad de absorcion; fuentes de informacion; adquisicion de tecnologia; innovacion tecnol6-
gica; intensidad tecnoldgica Perd.

Introduction

The extant literature tends to focus on high tech manufacturing firms to understand the rela-
tionship between R&D practices and innovation outcomes (Santamaria, Nieto, & Barge-Gil,
2009). However, it is equally important to analyze the behavior of low- and medium-low- tech
enterprises, because of their contribution to economic growth, the number of jobs they provide
and the innovations they introduce to the market (Heidenreich, 2008). Therefore, low-tech
companies are also fundamental for economic development. When measured in terms of
results or invested capital, low- and medium-low- tech companies dominate the economies
of highly developed and developing countries, and provide more than ninety percent of the
gross product of the European Union, the United States, and Japan (Robertson, Smith & Von
Tunzelmann, 2009). In addition, Krammer (2016) points out that “some of these mature indus-
tries still exhibit significant sales of technology among leading firms, but more importantly,
they form the backbone of all economies in the world” (p.529) and provides important lessons
for developed and developing country policymakers for both, where a significant share of
GDP and employment is provided by mature industries.
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The industries of low- and medium-low- tech are characterized by innovation and incre-
mental adoption, that is to say, a constant improvement of their products according to the
market demand; often focusing on production efficiency, product differentiation and marke-
ting (Von Tunzelmann & Acha, 2005). According to the OECD (2011), the manufacturing
companies can be classified into low and medium-low technological intensity, we found
these companies in economic activities, such as food and beverages, textiles, leather and
footwear, printing and publishing, chemicals excluding pharmaceuticals, electrical machi-
nery and apparatus, among others.

Here we focus on the Peruvian manufacturing companies of low- and medium-low- tech
(LML). In this way, we contribute the literature by recognizing that for the LML companies,
the traditional approach cannot explain the product and process innovations (Trott and Simms,
2017). A further contribution is by adding to innovation studies in Latin American countries
(Zuniga & Crespi, 2013) and in context of emerging economies (Geldes, Felzensztein, &
Palacios-Fenech, 2017).

Fifteen years ago the Peruvian economy showed sustained growth (Scott & Chaston,
2012), which made it one of the fastest growing economies in the region. Then came the
crisis of commodities (Brenes, Camacho, Ciravegna & Pichardo, 2016), forcing companies to
face a change of reality, where the government encouraged more open innovation (Ramirez
& Garcia-Penalvo 2018) and exports (Salas & Deng, 2017). However, Peruvian companies
tend to invest very little in research and development, preferring to innovate by buying ma-
chinery, hardware and software (Tello, 2017). In Peru, many companies also face informal
competition (Heredia, Flores, Geldes & Heredia, 2017) and have problems getting financial
resources to promote innovation (Pérez, Geldes, Kunc, & Flores, 2018).

The study proposes to show how the absorptive capacity of low- and medium-low- tech
companies are related to the technological innovation, and study how the perceived impact
of information sources is associated with the technological innovation, also, the mediator role
of absorptive capacity in the relationship between the information sources and technological
innovation. Besides, it is analyzed how the expenditure in acquisition of machinery, hardware
and software are related to technological innovation.

The article therefore proceeds as follows. Firstly, we provide the study’s key concepts
and the variables. Next, the hypotheses of the study are presented in more detail. Third, we
identify the data used for the study and the methods of analysis. Fourth, we show the results
of the study that confirms the acceptance of the hypotheses. Finally, we present the discussion
of the results, conclusion and relevance of these to promote the valuation of certain points in
the technological innovation of companies classified as low- and medium-low- tech.
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Theoretical framework

Firm classification with respect to technology have been categorized in a number of ways.
Kirner, Kinkel & Jaeger (2009) classified firms according to a measure calculated by dividing
research and development expenses among internal sales during a given year. Their analysis
established three categories: (1) high technological intensity, which were those companies
with an indicator higher than 7%; (2) average technological intensity, which were those
companies whose indicator is between 2.5% and 7%; and (3) low-tech companies that are
those with an indicator below 2.5%. Heidenreich (2009) offers an alternative view, based on
the fourth Community Innovation Survey (CIS4) whereby companies belonging to the low
and medium intensity technology industries tend to be characterized by process, organiza-
tional or commercialization innovations, and they have a high dependence on the external
supply of technologies in the form of machinery, hardware and software. It has also been
determined that the role of formal and informal knowledge among enterprises is important
for low or medium technology industries, as it has been discovered that these industries learn
beyond activities directly related to research and development (Sciascia, D’Oria, Bruni and
Larraneta, 2014; Santamaria et al., 2009).

The ability of an organization to gain knowledge or its absorptive capacity has had a
great impact on organizational research and it has called the attention of a great number of
researchers. Absorptive capacity influences in the development of competitiveness advan-
tages and company performance (Volberda, Foss & Lyles, 2010). Thus Cohen & Levinthal
(1990) point out that absorptive capacity is the ability of the company to recognize the value
of new and external information, to assimilate it and to apply it for commercial purposes
and its innovative critical capabilities. Zahra & George (2002) proposed that the absorptive
capacity of the company is a multidimensional construct comprising of four dimensions; that
(i) acquisition, (ii) assimilation, (iii) transformation, and (iv) exploitation. Though Todorova
& Durisin (2007) criticized Zahra & George (2002) dimensional view, noting that the deve-
lopment of the absorptive capacity is a path dependent process and that it is the increase of
the knowledge in the area of the experience that leads to the future capability development.

Organizations gain knowledge through the interaction of internal and external infor-
mation sources (Laursen & Salter, 2006). This external knowledge comes from a range of
suppliers (Li & Vanhaverbeke, 2009): clients (Grimpe & Sofka, 2009), competitors (Lim,
Chesbrough & Ruan, 2010) or universities (Fabrizio, 2009). While firms using external and
internal sources improve their innovation performance, the combined effect of these sources
of knowledge is often unclear (Frenz & Ietto-Gillies, 2009).

According to Arbussa & Coenders (2007), companies improve their innovation capacity
by acquiring machinery, equipment and hardware. In this way, Frank, Cortimiglia, Ribeiro
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& De Oliveira (2016) assert that, for Brazilian firms the purchase of machinery and equi-
pment improved the results of innovation and processes. Gronum, Verreynne and Kastelle
(2012) considered that technological innovation can be measured combining responses from
companies that have introduced a new or improved product or service or a new or improved
process over the last three years.

Henceforth, we propose four hypotheses. However, before presenting them, it is convenient
to mention the concepts and the research which is related to each.

The first hypothesis is related to the concept of absorptive capacity, which has been found
to influence on innovation. Cohen & Levinthal (1990) argued that the absorptive capacity is
very important for company innovation process, since it increases the speed and frequency
of innovation, where innovations are based mainly on the company knowledge base (Kim
& Kogut, 1996). Similarly, Zahra & George (2002) found a significant positive relationship
between absorptive capacity and innovation, as these factors work together to establish the
organization competitive advantage. This also suggests that absorptive capacity is an important
factor in the prediction of the organization innovation capacity (Knudsen & Roman, 2004).

Caloghirou, Kastelli & Tsakanikas (2004) investigated the extent to which the existing
internal capabilities of firms and their interaction with external sources of knowledge affect
their level of innovation. Ttheir findings show that some capacities result from a protracted
process of investment and knowledge accumulation within companies and linked to the com-
pany’s absorptive capacity. In addition, the results show that both internal capabilities and
openness to knowledge sharing are important for improving innovation performance. Wang
& Han (2011) carried out a study on SMEs in China that validated the knowledge properties
and absorptive capacity as two inseparable determinants of innovation performance, while
indicating that absorptive capacity moderates the relationship between knowledge properties
and innovation performance. Ali & Park (2016) developed a study of 195 Korean companies
of various sizes and sectors, in which they validated that absorptive capacity is crucial for
innovation and organizational performance. It is also important to mention that Ince, Ima-
moglu, & Turkcan (2016) developed a theoretical model that holds that absorptive capacity
has a positive impact on technological innovation capabilities. Based on this evidence our
first hypothesis is:

Hypothesis 1. Absorptive capacity is associated with technological innovation in companies.

The second hypothesis is related to the perceived impact of information sources and are
separated in hypothesis 2a and 2b. It is clear that firms can improve their ability to innovate
by carefully managing information that comes from relationships with suppliers, customers,
and other resource providers, such as universities or government agencies (Kauffman,
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McAndrews & Wang, 2000). Yli-Renko, Autio and Sapienza (2001) consider that this
customer knowledge acquisition shows a positive influence on product innovation.

In this sense, both customers and suppliers can play an important role in the innovation
process as they contribute to providing key information on technologies, markets and user
needs (Pérez & Diaz, 2007). Although some innovative firms may devote little financial
resources to formal R&D activities, they achieve successful innovations due to the use of
knowledge and the application of experience from a wide range of external information
sources (Laursen & Salter, 2006). Also, Wu, Lin, & Hsu (2007) found a positive relationship
between customers, suppliers and product innovation, as they seem to complement each other
as companies acquire and apply external knowledge and skills. From the point of view of
open innovation, the knowledge from the information sources that a company can get from
clients and suppliers is related to the technological innovation.

Furthermore, absorptive capacity allows companies to identify more flows of perceived
impact of information sources. Todorova & Durisin (2007) and Zahra & George (2002), state
that companies depend more and more on suppliers, customers, competitors, universities,
other research institutions, specialized magazines, conferences and meetings. In other words,
a company is not capable of identifying, assimilating and applying new information sources
without absorptive capacity as a mediating role.

Thus, we propose the following hypothesis:

Hypothesis 2a: Perceived impact of information sources is associated with the technological
innovation of companies.

Hypothesis 2b: Perceived impact of information sources is associated with the absorptive
capacity (mediator) to affect technological innovation.

Lastly, the third hypothesis is related to the acquisition of technology. Calvo (2000) argues that
in 1998, Spain’s innovative companies not only invested on R&D, but also in the acquisition of
machinery, the purchase of intangible technology, training and marketing. Therefore, we can
say that they diversified their expenses across several activities. In addition, for Ahuja & Katila
(2001), it is important to clarify that it is not enough just to acquire technology to increase
innovation, but also to evaluate its impact, favorable or not, on the innovation performance.
For this reason, Calantone, Cavusgil and Zhao (2002) asserted that “innovation capability is
one of the most important determinants of company performance” (p.518).

In this sense, it could be assumed that if the acquisition of machinery, hardware and software
improves the company innovation capacity, the company’s performance will improve. It can be
assumed that the purchase of technological assets is also a contribution to theimproved company
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performance. Potter (2009) states that in order to implement new or improved products or processes,
that is to say, innovation activities, the purchase of machinery and equipment is required. Among
advanced machinery, we have, for example, computer hardware, which is generally considered
to be necessary for the process and product improvement. This technology can be directly used
as in many cases it is built into the equipment and machinery. As Santamarfa et al. (2009) point
out not only are R&D activities an innovation source for the company but other types of acti-
vities, including the knowledge and experience gained through the use of advanced machinery
and tools, which are an important innovation source for low- and medium-low- tech companies.
Besides, Pavitt (1984) indicates that industrial sectors that are dominated by suppliers,
such as textiles, leather and footwear manufacturers, which are also typical examples of low
technology industries, which tend to focus on their innovation capacity development efforts
through the purchase of machinery and advanced equipment. In addition, Zuniga and Crespi
(2013) indicate innovation strategies are those that allow the technological innovation. These
strategies may consist of: investment in research and development (R&D); the acquisition of
technology in the market through the recruitment of R&D, licensing technology and know-how;
contracting technical and engineering services; and the acquisition of machinery and equipment
that favor innovation. Besides, the acquisition of machinery, hardware, and software favors the
development of innovations in products and processes; this is a characteristic of the Peruvian
industry as pointed out by Pérez et al. (2018). Therefore, we propose following hypothesis:

Hypothesis 3: Expenditure in acquisition of machinery, hardware and software is associated
with the technological innovation of companies.

Methodology

For this empirical study, we use the data collected in the National Survey of Innovation in
the Manufacturing Industry 2012 (INEI Survey, 2012), a survey applied to companies in the
Peruvian manufacturing sector to obtain information about their innovation processes, deter-
minants and specific characteristics. The survey was conducted during the reference period
2009-2012. The sample consisted of 1 220 companies, large, medium and small, from different
regions of the country; places where more than 90% of the production value of manufacturing
activity is generated nationwide. For the study, 856 companies of low and medium low tech-
nology intensity were identified. The design of this survey was developed on the basis of the
methodological framework of the “Bogotd Manual”, which in turn will allow the development
of indicators comparable to the results of other countries in the Latin American region. In the
table 1, we present information about firm size (according to the number of employees), the
firm age and the number of companies according to its technological intensity.
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Table 1
Descriptive statistics for manufacture industries
Firm size Count Percentage
Small ( 50 employees) 478 55.8%
Medium (51 to 250 employees) 190 22.3%
Large (251 or more employees) 188 219%
Total 856
Firm age
<10 years 79 92%
10 to 19 years 365 42.6%
20 to 29 years 203 23.7%
30 or more 209 244
Total 856

Technological intensity

Low 505 58.9%
Medium-low 351 41.1%
Total 856

Source: Own elaboration.

Figure 1 shows the conceptual model that relates the three constructs: absorptive capacity, per-
ceived impact of information sources and technology acquisition with technological innovation.

Absorptive Capacity

H2b

Perceived Information | H2a
Sources n

Technological
Innovation

Control

variable:
Acquisition of -ilze
Technology -Age

Figure 1. Conceptual model.
Source: own illustration.

A description of how each of the constructs has been measured is shown, see table 2 and 3.
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Table 2

Description of dependent variables

Dependent

. Description Metric Source
variables

Technological Innovation

Product Amount of process innovations that managed to introduce to the market From 0 to 4
Gronum et al. (2012)
Process Amount of process innovations that managed to introduce the market From 0 to 2

Source: Own elaboration.

Table 3

Description of independent variables

Independent variables Description Metric Source

Absorptive Capacity

Logarithm of expenditures in research and

Research expenditure s .
P development activities (R&D) internal

Continuous
L . Logarithm of the expenditures in training Escribano,  Fosfuri & = Trib6
Training innovation s . . . (2009)
activities for activities of innovation :
R&D departament If the company has a department of R&D 1: Yes 0: No
Perceived Information Sources
Supplier Escribano, Fosfuri &  Tribé
pp! (2009).
Degree of
importance:
Consultant
Laursen & Salter (2006).
Conference Sources of information 1: None
2: Low
Magazine 3: Medium
4: High
Association
Acquisition of Technology
Machinery
Arbussa & Coenders (2007)
Hardware Logarithm of the expenditures Continuous
Escribano, Fosfuri &  Trib6
(2009).
Software

Source: Own elaboration.

Finally, let’s review the control variables, see table 4.
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Table 4

Description of control variables

Corlltrol Description Metric Source

variables

Employee Logarithm of the total of employees Schoenmaker & Duysters
(2006)

) o o Continuous
Investigator Ratio of the personnel in investigation and Rothwell & Dodgson (1991)
development among the total of employees
. . . . . Schmidt & Rammer (2007)

Organizational Amount of innovations in organization that .

. . . FromOto3 Damanpour and Aravind

innovation managed to incorporate 2012)

Source: Own elaboration.

The evaluation of the hypotheses was carried out with the model of structural equations (SEM).
Specifically, the technique used was PLS (Partial Least Squares), which is used with formative
and reflective constructs and with small samples. The software is SmartPLS 3, developed
by Ringle, Wende & Will (2005). SmartPLS 3 estimates the process of the estimation model
and SEM analysis in two steps (Chin, Marcolin & Newsted 2003). First, the measurement
model is estimated, where the relationship between the indicators and the latent construct is
determined. Second, the structural model is estimated, in which the relationships between
the constructs are obtained by means of the path coefficients and the level of significance.

Finally, when analyzing absorptive capacity, certain steps are evaluated to confirm if it is
a mediating variable and the type of effect. According to Hair, Sarstedt, Hopkins, & Kuppe-
Iwieser (2014), mediation represents a situation in which a mediating variable to some extent
absorbs the effect of an exogenous construct (with independent variables) in an endogenous
construct (with the dependent variable) in the PLS path model. The evaluation of variance
accounted for (VAF) determines to what extent the mediation process explains the variance
of the dependent variable. The rule is, if the VAF is less than 20 percent, one must conclude
that there is no mediation; a situation in which the VAF is greater than 20 percent and less
than 80 percent could be characterized as a typical partial mediation (Hair Jr, Hult, Ringle,
& Sarstedt, 2016); and a VAF above 80 percent indicates full mediation. The VAF is the ratio
between the indirect effect and the total effect.

10
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Results

Through of the factorial analysis of principal components with varimax rotation, we verify
the significance of the correlation matrix with Bartlett’s contrast. In this case, the correlations
taken as a whole are significant at a significance level of 0.05 (Bartlett’s sphericity test =
2535.687, gl =55, p <.005). On the other hand, the sample adequacy measure of Kaiser-Me-
yer-Olkin also falls within the acceptance range (0.807). After four iterations, the factorial
solution converges in three factors that explain 59.3% of the variance. Although the Kaiser
criterion yielded a two-factor solution, the observation of the sedimentation graph and the
slope change in the eigenvalues clearly showed a three-factor structure. The configuration
matrix, table 5, offers the saturations of the variables in the factors of the rotated solution.
These saturations represent the net contribution of each variable in each factor.

Table 5

Matrix of configuration of the rotated factors

Name of factor Description of item Factor I ~ Factor2  Factor 3
Expenditure on research and technological 0727
development. ’
Absorptive Capacity . . . L
Training costs for innovation activities. 0.502
(ACAP) &
Department of research and technological 0.839
development.
Equipment and software suppliers. 0.628
Private consultants and institutes. 0.599
Perceived Information
Sources Conferences and exhibitions. 0.793
(SOI)
Scientific magazines. 0.806
Professional associations. 0.753
Acquisition of capital machinery. 0.651
Acquisition of Technology .
Acquisition of hardware. 0.828
(TECH) q
Acquisition of software. 0.786

Source: SPSS software, own elaboration.

It is observed in the measurement model in all constructs that the composite reliability index
exceeds the minimum requirement of 0.7, which does not occur with the Cronbach’s alpha of
absorptive capacity, which does not exceed the reference value of 0.7, while multicollinearity
is controlled with values lower than 5. When analyzing convergent validity using AVE, it must

1
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be greater than 0.5; in all constructs is satisfactory. In addition, when discriminant validity is
analyzed, in all cases, the square root of the AVE is greater than the correlations. Therefore, the
measurement models can be accepted. Table 6 presents the indicators of validity, reliability, coe-
fficient of determination and multicollinearity, while table 7 provides discriminant validity data.

Table 6
Indicators of validity, reliability, coefficient of determination and multicollinearity
Composite
Latent . . Item Cronbach’s L
. Description of item . Reliability =~ AVE VIF R?
variable Loadings alpha
(CR)
Expenditure on research and
technological 0.827
Absorptive development.
Capacity Training costs for
. X . 0.814 0.688 0.825 0.613 1769  0.337
(ACAP) innovation activities.
Department of research and
. 0.701
technological
development.
Equi t
quipmen ‘ 0.685
and software suppliers
Perceived Private consultants 0.680
Information and institutes ’
0.775 0.846 0.525 1.105
Sources Conferences
. 0.769
(SOI) and exhibitions
Scientific magazines 0.786
Professional associations 0.694
Acquisition of capital ma- 0774
Acquisition of chinery. :
Technology L . 0.701 0.833 0.624 1971
Acquisition of hardware. 0.816
(TECH)
Acquisition of software. 0.779
Reference value >0.7 >0.7 >0.5 <5
Source: Application to SMART PLS software, own calculations.
Table 7
Discriminant validity (AVE square root comparison and correlations)
ACAP Technological Innovation SOI TECH
ACAP 0.783
Technological Innovation 0.565 0.881
SOI 0.254 0.205 0.724
TECH 0.565 0.614 0214 0.790

Source: Application to SMART PLS software, own calculations.

12



J. F. Del Carpio & F. Miralles | Contaduria y Administracion 64(4),2019, 1-22
http://dx.doi.org/10.22201/fca.24488410e.2018.1830

After evaluating the measurement models, we proceed to estimate the structural model.
See annex 1.1.

First, we examine collinearity using the Variance Inflation Factor (VIF), which must be
found below 5. Looking at table 6, collinearity is not a problem among the constructs of the
structural model. Second, the non-parametric bootstrap procedure with 2 000 subsamples
was used to generate the path coefficients and 90% confidence intervals (Chin, 1998). Table
8 shows the results. Third, the indirect effect has to be significant, since it is an indispensable
requirement to evaluate the importance of the mediating effect (Hair Jr et al. 2014; Preacher
& Hayes, 2008). In the study, the direct relationship between perceived impact of information
sources and technological innovation is not significant, but its indirect effect through absorptive
capacity is significant (b = 0.039 **** t =4 .470) considering indirect mediation. The results
are presented in table 9. In order to complement, we present the Variance Accountant For
(VAF), which determines the indirect effect in relation to the total effect; 78% of the VAF is
obtained through the absorptive capacity, which explains the perceived impact of information
sources and technological innovation.

Table 8
Shows the coefficients of the variables and the coefficient of determination
Hipdtesis Variable endégena Path coefficient 90% confidence interval p-Value
INNOVATION (R?=0.520)
H1 ACAP -> INNOVATION 0.283 %% (0.21;0.347) 0.001
H2a SOI -> INNOVATION 0.011 ns (-0.035;0.058) 0.659
H3 TECH -> INNOVATION .33 ] ket (0.261;0.402) 0.001
CONTROL
Organization size -0.075%%* (-0.127; -0.016) 0.009
Trained persons 0.025n.s (0;0.099) 0.384
Organizational innovation 0.286%#*#% (0.219;0.351) 0.001

Note: n.s. = not significant; *** p = 0.01, **** p =0.001.
Source: Application to SMART PLS software, own calculations.

13
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Table 9
Mediation test using the bootstrapping method

Direct effect Indirect effect

Hypothesis  Effect of Total effect ~ VAF (%)  Interpretation
(tvalue) (tvalue)
0011 ns 0.0397##% Partial

H2b SOI>ACAP> INNOVATION 0.050 78% .
(0.441) (4.470) mediation

Note: VAF = Variance Accounted For; n.s = not significant; ** | t | >=1.96 at p=0.05 level; *#** | t | >=3.29 at
p =0.001 level. The VAF > 80% indicates full mediation, 20% <= VAF <= 80% shows partial mediation while
VAF < 20% assumes no mediation. Source: Application to SMART PLS software, own calculations.

And finally, the analysis of the results using the coefficient of determination (Henseler, Ringle &
Sinkovics,2009), where the values of 0.19 reflects a weak relationship, a value of 0.33, reflects
a moderate relationship, and a value of 0.67, a relationship substantial. It can be inferred that
a moderate relation is observed. The model also complies with the goodness-of-fit index, the
GoF index (Tenenhaus, Esposito Vinzi, Chatelin and Lauro, 2005) is calculated by taking the
square root of the average product of the AVE for the latent variables (the reflective indices)
and the average RA?2 for the endogenous variables. This index varies between the values of 0
and 1. Although there is no minimum threshold, a value greater than 0.31 is recommended.
The GoF index reaches a value of 0.50, which is higher than the recommended minimum to
guarantee the quality of the adjustment of the model under study.

Discussion

This research has been carried out in a sample of manufacturing companies based on infor-
mation obtained in the technological innovation survey carried out in 2012 by INEI and the
Ministry of Production of Peru.

We found that absorptive capacity is associated with technological innovation in compa-
nies. Hypothesis 1 was verified that the absorptive capacity has an influence on the company
performance. This finding is supported by Volberda et al. (2010), who also observed that
absorptive capacity is associated to technological innovation. Our results show that in low
and medium-low technological companies, research and development expenses, training
expenses for innovation activities and having a research and development department aid to
improve the company’s innovation performance.

Hypothesis 2a, was rejected. However, the perceived impact of information sources was
found to be associated with technological innovation through the mediating effect of absorptive
capacity, thus accepting hypothesis 2b. This confirms what Todorova & Durisin (2007) stated
in that “a company is not capable of identifying, assimilating and applying new information
sources without the role of absorptive capacity”. This infers that companies cannot benefit
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from information sources simply by being exposed to them (Cohen & Levinthal, 1989; Cohen
& Levinthal, 1990). However, absorptive capacity in a mediating role allows companies to
improve their technological innovation performance. It is, therefore, necessary that the mem-
bers of the companies assimilate and use knowledge for innovative purposes. The sources
of this knowledge may lie with suppliers of equipment and software, consultants and private
institutes, through attending conferences and exhibitions and from scientific magazines or
professional associations.

The third and last hypothesis 3, where the association between the expenditure in acquisi-
tion of machinery, hardware and software and the technological innovation of the companies,
was also confirmed. This finding should further firm to acquire technologies, through means
such as the purchasing of embedded technology that improves the innovative diversity of the
company (Huang, Arundel & Hollanders, 2011) and thus contributes to improving the company
performance. These results are in accordance with the research of Santamaria et al. (2009) and
also by Heidenreich, (2009), whofound that low and medium-low technological companies
develop better innovations through the acquisition of machinery, equipment and software

Regarding the study’s control variables, it is concluded that organizational innovation is
positively associated with technological innovation (product and process) (Mazzanti, Pini, Tor-
tia, 2006, Mol and Birkinshaw, 2009). For organization size, we found that when the company
is bigger, the impact on technological innovation is lower. As Mothe & Uyen (2010) also note
this stating it “could be due to the fact that small innovative companies have a smaller product
portfolio: therefore, when small companies participate in product innovation activities, the
innovation part will be greater in global turnover than in the big companies” (p.324). Qualified
personnel were found to not directly influence technological innovation. This likely to be due
to formal qualifications being more highly regarded that experience in developing economies
, whereas higher education and experience in Research and Development (R&D) activities
would be the criteria in a developed economy context(Li, Wang & Liu, 2013).

Our results also have implication for managers by using the results to develop their own
innovation capacity. They may apply the three variables used here. In terms of the development
of absorptive capacity, managers can consider, to increase a company’s capacity, increase trai-
ning costs to improve skills and knowledge of the workforce to identify or propose innovations
in processes and products. Managers should be considering also spend time and resources
strengthening research and technological development activities as well as considering the
company’s absorptive capacity to get more benefits from external and internal information
sources. Finally, managers should encourage machinery and equipment acquisitions if they
wish to improve the company’s technological innovation.
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Conclusions

In this article we aimed to analyze the technological innovations of the LMT Peruvian manu-
facturing companies. Through this analysis we provide a threefold contribution. Firstly, we
examine a different group from the extant literature as most of the studies focus on the compa-
nies that have a high intensity technology (Dominguez & Brenes, 1997; Contractor, Kumar, &
Kundu, 2007; Luo & Tung, 2007; Lopez, Kundu, & Ciravegna, 2009; Nicholls-Nixon, Castilla,
Garcia, & Pesquera, 2011; Vassolo, De Castro, & Gomez-Mejia, 2011; Ciravegna, Lopez, and
Kundu, 2014).Secondly, we identify the factors that influence technological innovation in LMT
Peruvian manufacturing companies, through the constructs of absorptive capacity, perceived
impact of information sources and expenditure in technology acquisition (Zahra & George,
2002, Laursen & Salter, 2006, Potters, 2009) further contributing to innovation knowledge
of Latin America. Thirdly, by situating ourselves in the context of an emerging economy, we
are able to compare and contrast the manufacturing sector of developed countries with those
of an emerging economy, finding similarities in the application of technological innovation
through the absorptive capacity, perceived impact of information sources and expenditure in
acquisition of technology (Lee, Ozsomer & Zhou, 2015).

Our results verify that absorptive capacity favors the development of technological innova-
tion, leading us to conclude that for an emerging economy like Peru that invests very little in
research and development, it would be advisable for these LMT firms to consider implementing
an office to develop R & D activities, and to begin to invest more in the training of personnel
and activities that encourage the development of innovation.

Interestingly, we found a divergence for previous published work, where in this case the
perception of the importance of information sources is not associated with technological
innovation. We were also able to verify the partial (very close to total) mediating effect of
absorption capacity on the relationship between the perceived impact of information sources
and technological innovation. These empirical results suggest that Peruvian manufacturing
companies should improve their absorptive capacity, and pay more attention to sources of
information that come from professional associations, scientific journals, fairs and conferen-
ces, as well as knowledge held by their suppliers. This should provide even more avenues
to investigate innovation and firm development. Moreover, future research should begin to
examine how non-technological innovation is related to technological innovation.

In an economy dominated by low tech and low medium tech companies, the most common
form in innovation activities carried out by Peruvian manufacturing industry tends to be the
acquisition of machinery, hardware, and software. The results shows how the technology
acquisition favors the technological innovation.
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For this study, only the information corresponding to the year 2011 has been analyzed. To
improve the analysis and the coherence of the hypotheses, it would be convenient to analyze
the information corresponding to future periods. Although the data is considered robust, they
are limited. As such, it is suggested that additional research be conducted to gather more
characteristics of companies that undertake innovations or to specify and contrast industrial
sectors. Likewise, it may be possible to identify which of the innovation activities has the
greatest impact on the development of products, processes and non-technological innovation.
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Figure 2. Graphical representation of the PATH diagram for the measurement
model of companies with low- and medium-low- tech.
Source: PATH diagram applied to SMART PLS software.
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