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Abstract
This paper investigates the influence of human ues management practices on the
likelihood that a firm performs in-house Researdd ®evelopment (R&D). The latter is
broadly interpreted as learnidga mechanism to promote the absorptive capacity and
supporting technology capability-building in lateoer firms. The use of distinct definitions
of R&D implies different knowledge requirements ttHams need to fulfil in order to
innovate. The analysis assumes that firms can ehbesveen two learning strategies: they
may exploit existing knowledge, or perform more pbem explorations and acquire new
knowledge. Different knowledge requirements, imtumderpin distinct R&D outcomes with
varying degrees of novelty, at least for the firdnlike the recurrent interest in recent
catching-up experiences of countries, such as [fididings in this paper are supported with
evidence from the pharmaceutical industry in Mexi€tbe analysis reveals some linkages
between management practices and learning at &wvel.I Such influence increases with the
novelty of the knowledge required by the firm. Lidag to improve or enhance generic drugs
is somewhat more demanding than imitative R&D.
Keywords: R&D, learning and innovation; human r@seu management; Mexico;
pharmaceuticals
JEL codes: 032, 054, L65






1 I ntroduction

Literature on the linkages between human resouraragement practices and innovation
performance at firm level is increasing. Scholamsehaddressed the extent to which sets of
new and dynamic work practices influence innova(®&ECD, 1998; Barton and Delbridge,
2001), the effects of distinct forms of labour flahty on innovation performance (Michie
and Sheehan, 1999, 2003), and even the complemeriationships that exist between
management practices underpinning innovation (Pel@éB98; Laursen and Foss, 2003).
Research on the organization and learning of agemtdved in the development of new
products is likewise increasing (Lund, 2004a andSthydies based on evidence on developed
countries (Lorenz and Wilkinson, 2003; Arunéelal, 2007), investigate how the influence
of management practices varies depending on thentdémgical dynamics of different
industries (Laursen, 2002; Laursen and Foss, 2068&iovski and Morgan, 2006). These
strands of literature document the positive retetiops between management practices and
innovation performance at firm level. What is stilissing, however, is a better understanding
of mechanisms to explain such relationships (Laues®l Foss, 2003; Lorenz and Wilkinson,
2003), and a consistent theory on what Delery (1898ns the transmission mechanism from

management to innovation performance.

Alongside the ongoing debate on how and why managempractices underpin innovation,
innovation scholars are introduced into the mortersive debate on how and why such
practices generally influence firms’ performanceccérding to Boseliet al. (2005) and
Combset al. (2006) huge challenges stem from the dityeisi the number and possible
definitions of indicators on management practitegether with the distinct multidisciplinary
approaches to research. Arguably, research on rear@ag practices and innovation need to
be fine-tuned, specifically in the way the issudsstake are approached. Lorenz and
Wilkinson (2003) assert that researchers frequeasgume linear relationshipgrom
adoption of specific sets of management practigasrovatior] leaving little room for more
heterogeneous organizational strategies withinlsimglustries (Delery, 1998; Hemmert and
Oberlander, 1998). Moreover, it is customary to kloat innovation outcomes,
products/processes, and their degrees of novaltical/incremental. Equally understimated
is the study of some latent processes associatidthid organization of people involved in
innovation. It therefore seems pertinent to look tia¢ cumulative learning processes
supporting the development of innovation capab8itiof individuals and, ultimately,
organizations (Cohen and Levinthal, 1989, 1990;dW1ad991; Grant, 1996). Accordingly,
management practices become mechanisms that in8udearning activities within
organizations (Wrighet al., 2001).



Focusing attention on the learning processes woedtdow research greater relevance from a
development perspective. White (2002) emphasizesittiportance of understanding how
management practices contribute to research armd tgbhnological capabilities, particularly
in developing countries. Specifically, accumulatedpacities can be lost because of
inadequate or poor management of people. Similadgearch on firms in developing
countries necessitates a careful understandingpeohiture of the innovation and learning

activities they engage in.

This paper attempts to contribute to existing ditere on human resource management
practices and learning in the context of develogiogntries. Specifically, empirical evidence
here refers to pharmaceutical firms in Mexico. Tyaper proceeds as follows: Section 1
discusses the literature linking management prestitearning and catching-up processes of
in latecomer firms. Based on notions of knowledgpl@ation and exploitation, the paper
investigates the influence of management practoase likelihood that a firm engages in in-
house Research and Development (R&D). The lattbrdadly interpreted as learning and is
distinguished according to several objectives pedshy the firm irrespective of whether
they relate to improved or new products, or prodeesvations. Against this background,
section 2 characterizes a few management pradtiaesire expected to enhance individuals',
and consequently organizational, learning. The udision proposes the testing of several
hypotheses during the empirical analysis. Datagésgnted in section 3, and defines variables
and the corresponding research strategy. Reseltgravided in section 4, while a discussion

of the same is presented in section 5. Sectiom6lades.

2. Management practices, learning and R& D in latecomer firms

21. Literaturereview

Empirical literature documents the contributiontthayanizational practices, relatingR&D

and innovation, have made toward the catching-uggsses of latecomer firms. Successful
firms have evolved as learners by assimilating #agbing existing technologies, and
eventually developing their capacity to generagdrtbwn technologies (Hobdagt al., 2004).
Catching-up involves continuous efforts to mobil&@e organize resources that firms have at
hand. In the case of Japan, for example, OdagBB&) highlighted the importance of
building the absorptive capabilities, making efforh training and entrepreneurship and
gaining a sound scientific and technological un@@ding, including mastering the

production and management of skilled personnel. iHerh (1998) further underscores such

1 In the interest of the extent and feasibilitytloé analysis, the focus here is on technologidattsf

only carried out in-house. A further stage of reskaddresses efforts supporting learning from
external knowledge sources.



factors in his analysis of how Japanese firms hdealt with changing, often adverse,
macroeconomic environments, and the challenge<iassd with business strategies posed
by continuous technological innovation. Firms hadvad to constantly reorganize and
restructure their R&D activities in general, and tmanagement of R&D personnel in
particular. Continuous improvement in personnel aggment has underpinned innovative
organizational practices to promote incentives,ivatibn and productivity and attract R&D
(Legewie et al., 2000). Accordingly, Hemmert (1998) and, enoecently, Michie and
Sheehan (1999, 2003) call for a further investayabtf the relationship between management
practices and firms’ capacity to engage in R&D.alrsimilar vein, Lundvalket al. (2002)
argue that in addition to R&D efforts, analysesfioins’ innovation capabilities need to
consider the influence emanating from the daily eedgmces of workers, engineers and
salesmen, together with interactions among indadslwithin and outside the boundaries of a

firm.

Cohen and Levinthal's (1989, 1990) treatment of thml role of R&D as a learning
mechanism traces a link between management practiogd R&D. R&D generates new
information and knowledge underpinning searches riew market and technological
opportunities through innovation. R&D is equallyenaant for assimilating and exploiting
existing information and knowledge. In other woriddelps to build the absorptive capacity
by tapping existing knowledge. Cohen and Levinta®89, 1990) stressed that the
contribution of individuals’ cognitive processes t@cumulate absorptive capacity is
contingent on the nature of prior related knowledgel diversity of backgrounds. These
elements depend on an individual's capacity to di)sassimilate, link, analyze and,
eventually, create knowledge. The authors furthgrmdjuished between expected goals from
R&D. Firms may exploit their existing knowledge basor engage in knowledge exploration
and expansion of knowledge bases. From a managqressgective, however, the notions of
knowledge exploitation and exploration, as centatl distinguishable elements shaping
organizational learning and capability-buildinge antegrated in the so-called knowledge-
based theory of the firm (March, 1991). Accordingtiis literature, the primary role of firms,
which is the basis of organizational capabilitiego integrate specialized knowledge (Grant,
1996). The latter in turn, is often perceived icittéorm, hence know-how, skills and practical
knowledge embedded in individuals are considere@ @mmponents of an organization
(Barney, 1991). Management interventions influetiee organization and mobilization of
individuals and their corresponding knowledge (Goked Levinthal, 1989, 1990; Barney,
1991).



That firms engage in either knowledge exploitation exploration activities, or both,
illustrates the heterogeneity, complexity and digtuse of knowledge. Exploitation refers to
the use and refinement of existing knowledge, teldgies and products. It entails short-run
perspectives, more certainty and proximity to poékrbenefits. Exploration, for its part,
identifies searches for new knowledge, use of uili@mtechnologies, creation of
products/services with unforeseen, or, at leasficdlt to predict, demand (March, 1991;
Greve, 2007). Exploration also implies a long-rumaset and greater uncertainty about
future revenues and benefits. Although, explorateamd exploitation have potentially
reinforcing effects on learning and capability-binlg, they lead to competing resource
allocation, increased risks and tradeoffs in investt decisions. Finding the right balance is
problematic, as the choice of either strategy ddpem the survival and prosperity of firms:
“... Systems that engage in exploration to thewesioh of exploitation are likely to find that
they suffer the costs of experimentation withouhigg many of its benefits. They exhibit too
many undeveloped new ideas and too little distrectiompetence. Conversely, systems that
engage in exploitation to the exclusion of explioragre likely to find themselves trapped in
suboptimal stable equilibria” (March, 1991:71).

From the above, and based onettial. (2008), a practical interpretation of exptan and
exploitation activities is in terms of the cognéidistance between knowledge requirements
and a firm's knowledge base. The latter in turch@racterized by Kale and Little (2007:594)
“as simple and complex, based on the technologitallenges involved in developing
particular products and underlaying capabilitieB%ploitation refers to local searches for
familiar, mature, current or proximate knowledge; builds on existing technological
capabilities. By contrast, exploration underpinarskes for unfamiliar, distant knowledge.
This interpretation induces some flexibility to thealysis, while still capturing traditional
views of innovation in terms of incremental andicatl outcomes (Greve, 2007). Whereas
local searches may lead to incremental innovatidistant searches could lead to radical

ones. Nevertheless, there is no a priori reasosuohn a match to occur.

The proposed interpretation is in line with emgitiditerature. Instead of focusing on
innovation, attention is drawn to the learning @exinside the firm. Successful catching-up
experiences have coupled local searches, througimat learning efforts, with a few distant
searches, and knowledge diffusion and assimilatiosugh, for instance, reverse engineering
activities. Firms combine stocks and flows of knedde. Only when latecomer firms
approach the technological frontier, does high iubbhsic research, more complex scientific
techniques and instrumentation progressively gaiportance to sustain productivity and

competitiveness (Patel and Pavitt, 1994). Howethar,transition from technology-follower



status to that of technology-leadership statuseither linear nor automatic. Hobday al.
(2004) suggest that the transition requires, asptemmentary assets, gaining international
brand recognition, strong marketing capabilitiesd azontrol over foreign distribution
channels, together with the ability to carry ¢lié necessary organizational and structural

changes.

2.2 An examplefrom the pharmaceutical industry

The pharmaceutical industry is illustrative of tiesues discussed above. Based on a
capability-building model, Kale and Little (2007ygae that “reverse engineering R&D
capability—the ability to develop products by comyithe process—is categorised as a basic
capability. Generics R&D involves incremental charrgpresenting intermediate capability
while new chemical entity research involves creptiew drugs and innovative therapies
representing advanced capabilities” (p. 594). Bogdon the recent experience of Indian
pharmaceutical firms, the authors illustrate howhestage of capability accumulation makes
different demands on a firm’'s knowledge base. Qume, local firms use, acquire and
accumulate different types of knowledge inputs ifarovation, with increasing degrees of
novelty. Progression in the technology ladder hasompanied the expansion of learning
activities outside familiar cognitive boundariesnokledge searches have become
increasingly exploratory. Knowledge exploitatiomwever, remains relevant, particularly for
firms whose business strategies are still basedhenextension of life-cycles of existing
pharmaceutical products. This experience, togettith those presented by Cardinal and
Hatfield (2000) and Kim (1997), for example, shdnattalthough the technological dynamism
of firms in catching-up modes generally lags behthdt of large multinationals, R&D
remains the core ingredient for success. The ntffarence is that, in most cases, R&D in

developing countries leads to incremental innovetio

The actual development of generics starts a fewsyeafore patent expiry of the innovator
product. Firms have to reproduce the knowledge exéd manufacture it while constantly
ensuring bioequivalence and biodisponibility, tugpporting its characteristic as a generic
interchangeable drigSpeed is necessary, to the extent that first nsoamr able to gain and

retain their relevant market shares (Caefeal., 1991; Hollis, 2002). In most cases, thda#o

of products is linked to current product portfoli@ghat firms already know. Nevertheless,
expected benefits increase if firms are able toapoé the characteristics of the innovator
drug. Quality enhancement includes relatively samiphprovements in product packaging,

reformulation or recombinition of existing molecslleNew products, in turn, include new

2 Generic interchangeable indicates that the imat a generic drug in the human body is exactly

the same as that of an innovator drug



applications of existing drugs, often in differetfiterapeutic areas. The search for new
knowledge may relate more to the methods and tqubkei used to synthesize the
components biotechnology techniques, for instantthan to the characteristics of the drug
itself (Kale and Little, 2007).

The mix of current and new knowledge, relativeh® firm’s knowledge base, remains central
for the analysis. In this context, Kim and Cha @0&nd Laursen and Foss (2003) contend
that firms with different technological profilesqwire and mobilize resources differently.
More heterogenous organizational models, as cordpatith those in mainstream literature,
are possible. Davila and Elvira (2007), for ins@nstress culture, context and history as
inducing a different, yet functional, form of empér-employee interaction. Equally pertinent
is the increasing importance of the character nbwation and the frequent dearth of formal
R&D units within latecomer firms (Santamasdgal, 2009). All this widens the gap between
traditional studies on management practices in Mma@twring and those on formal R&D
departments. Based on data on the pharmaceutidastiny in Mexica@l the world’s ninth
pharmaceutical market and the second in Latin Acagrthis paper endeavours to shed light

on some of the issues involved.

3. Management practices & learning through R& D: Mexican phar maceuticals
Based on a widely accepted theoretical rationadetian 1 dealt with the complexities of
defining comprehensive checklists of managementtioes that determine performance at
firm level. Boseliet al. (2005) and Comlet al (2006), for their part, advise pragmatism in
the approach to research, claiming that it shouitilon a mix of theory, previous empirical
evidence, intuition and a careful observance ofktg data. In this regard, enhanced
organizational practices frequently relate to Japanmanagement styles. Hemmert (1998),
for example, indicated practices targeting R&D pareel, including, hiring and firing, job
rotation and continuity and compensation systenterature on complementarities identifies
sets of interventions explaining distinct produetand innovative performance (Ichniowski
al., 1997; Michie and Sheehan, 1999; Laursen arss,F#003; Michie and Sheehan, 2003).
These sets include indicators on labour relafibimgentives and compensation, recruitment
and selection, teamwork, employment security, H#ixy in job assignments, training,
labour-management communication, grievance rates sanon. Literature on developing
countries identifies practices accompanying theptido of organizational techniques, such as
total quality management (TQM) or just-in-time (JIThcluding the provision of training,
workers’ empowerment, payment and staff promotidall¢ and Greene, 1996; Abramo,

1997; Islas, 2003; Vargas, 2004). Additional infation was obtained through exploratory



interviews with some 20 multinational and Mexicdmpmaceutical firms. In general, firms
were affiliated to the main local trade organizaficCamara Nacional de la Industria
Farmacéutica (CANIFARMA). The goal was to learn about the natunf innovation

activities, R&D and associated management practicése local industry. These inputs were

supplemented with information from the dataset diesd in section 4.

3.1. Training

Training underpins the development of technical arahagerial skills among people, who
are repositories of the tacit knowledge of an ommion (Johnsoret al., 1996). Tacit
knowledge supports organizational structures ad waelthe productive and innovation
capabilities of a firm. Training takes on two compkntary forms: on-the-job and off-the-
job. The former is most common. It supports theriem of day-to-day operations and an
understanding of basic concepts. The latter is llyswevailable for key personnel and
contributes to enhancing the intellectual capitad akills by capturing existing knowledge,
that is, latest developments in specific knowlefigiels, research techniques and so on (Hara,
2003). Through training, strategies that can besdelvto promote motivation and reward
human resources. However Gralyal. (2004) stress that the influence of traintggpends
very much on creating an environment where sufiicieturns can be expected. In other
words, it needs to be accompanied by pertinentninges and working conditions so that

improved skills can be properly used (Laursen avgsF2003).

Pharmaceutical firms in Mexico show great propgnsit provide training to employees
(Annex table 3). This is more frequent in the aalSknowledge exploitation. In general, firms
combine internal and external sources of trainimgn effort to capture the synergistic effects
between the two types of training. The local indusicts in the same manner as observed at
global level. Pharmaceuticals firms are strongbliived to train personnel across operations
(Bureau of Labor Statistics, 2007). Training ranfyjem a few hours of on-the-job training to
years of formal education, including job experiendaaining not only includes the
development of general skills, but also those ngddecarry out specific projects, develop
particular processes, conduct specific analysesdlbaspecialized equipment and so on.
Firms frequently train in safety, environmental agdality control and technological
advances. Training in marketing and sales is ergett increase the market success of a
product. It can thus be concluded that the promisibtraining could have a positive influence

on the likelihood that firms perform R&D.



3.2.  Remunerations

Adequate compensation and reward for good performare expected to positively and
significantly impact learning and innovation (Bagaw988). Appreciation of individual and
professional aspirations promotes motivation androdment to an organization (Mumford,
2000; Quinn and Rubb, 2006). Effective reward systencourage employees to take risks,
pursue the development of new products and conisly@enerate ideas that can be realized
(Mumford, 2000), whereas creativity can be encoedag freedom, financial rewards,

promotion and other forms of recognition exist (Auha, 1997).

Remunerations contribute to skill development cy¢®amstad and Pipkin, 2005); they may
strategically attract talent from outside, therehijnimizing the cost of internal training
(Labarca, 1999). Setting up an adequate remuneragistem is complex. More importantly,
creative individuals may prefer a challenging andolvation-driven environment instead of
high salaries. For instance, Terziovski and Mordd006) argue that in science-based
industries, such as biotechnology, performanceelinkewards might not be as attractive and
stimulating as compared to access to sophisticatéehtific equipment and instruments
enabling researchers to work while increasing thatellectual capacity. In Mexico,
remunerations in the pharmaceutical industry arghér than in other manufacturing
industries, and are even higher in firms that caehdn-house R&D. As a mechanism to
motivate and retain workers, remunerations areugatly limited to adjustment without
altering the firm’s structure of compensations ashele. These considered, remunerations

can be expected to positively influence learningtlgh R&D.

3.3 Empower ment

Self-esteem feeling of powellis an important determinant of employee performance
(Gupta and Singhal, 1993). Empowering employedkdsbasis for high-performance work
systems (Bartletet al., 2002). It provides people the opportunityl aneans to tackle new
problems, they gain varied experiences, and aneaped to take on more challenging tasks.
They are also able to participate by defining tipeirsonal objectives, or the time they spend
at work. They can voluntarily request to be invdlven assignments promoting skills
development, or in the establishment and manageofeetfective mentoring relationships
and so on (Hemmert 1998; Laursen and Foss, 200&hi&and Sheehan, 2003). In such a
way firms are able to foster innovative activitf€&ECD, 1998; Mumford, 2000). However,
Bartlett et al. (2002) warn that mismatches between incteessponsibility and means and

skills to perform the job could render empowernmaetiningless; even counterproductive.



Successful empowerment is often associated witmweslk, training and other practices
(Carrillo and Ramirez, 1997; Garcia, 2002).

Workers in the Mexican pharmaceutical industry hiwéted opportunities to participate in
decision-making with regard to working conditionsda whenever that happens, it is of
limited relevance to the firm. In this regard, itsh be acknowledged that strict regulations
faced by the industry could reduce opportunitiesntdify the working conditions. In fact,
these are already among the best throughout maoufag activities. Manufacturing
processes and operations, in general, must comjly strict current good manufacturing
practiced (GMPs) and other industry standards, and worketyosith regulatory authorities.
Regarding R&D, literature documents that drug dewelent activities, such as those
underpinning the formulation of generic drugs, nb@ymore structured and defined in terms
of timing, nature of tasks, formality in the orgzetion, conduction of activities, and so on.
Exploratory interviews with the local industry reded that R&D staff may frequently
succumb to the needs of manufacturing and qualitytrol departmentsNevertheless,

empowering employees is expected to positivelycattge probability of R&D performance.

3.4. Rotation assignments

Gupta and Singhal (1993) state that innovativediencourage employees to work in various
departments and divisions, to enable them to canayperience and a better understanding
of operations, products and resources availablteatfirm. Rotation potentially increases
knowledge-sharing and awareness of problems affgdifferent parts of the organization
and, if at all present, its multi-faceted innovatfmocesses (Laursen, 2002). Rotation supports
learning if participants are carefully selected anactices are adequately timed and framed
within specific skill development strategies (Mumtfp 2000). However, relatively little
evidence was found on the concrete use of rotdti@ssignments in the Mexican
pharmaceutical industry. In general, the practies yound to be relatively unimportant as a
learning mechanism. Rather, and particularly, imé with some formal R&D activities, it
was frequently associated with new recruits whoesqgected to move around the laboratory,
meet senior staff, and generally learn more albwitactivities of the department. In light of

this diverging evidence, concrete conclusions aadrbwn from the empirical analysis.

In most countries, sanitary authorities ensufecézeness and safety of pharmaceutical products
by implementing comprehensive safeguards and puwesdof obligatory observance for drug
manufacturers. These are summarized under good fazdming practices (GMPs) which, in
simple terms, indicates the best rules/practicemdaaufacture drugs (FDA, 2004a; Seiter, 2005).
GMPs include layout and functionality of buildinggualification and training of personnel,
cleanliness and sanitation, monitoring, supervisiad many other aspectSMP’s are reviewed
and adjusted according to scientific and technalgadvances, hence the term “current” GMPs.



3.5  Hiring staff

Badawy (1988) claims that effective human resopta@ning is the key to innovation. This
includes determining staffing needs, hiring quedtifipeople according to job characteristics,
knowledge and skill competencies, as well as engwan appropriate mix of personnel during
the innovation processes (Terziovski and MorganQ620 Hiring helps to tap external
knowledge in the interest of internal requireméits and Ai, 2008; Santamaré al., 2009).
New staff should possess predefined personalitis fienowledge and experience, and work
well with existing teams and organizational dynamiRarticularly in managerial positions,
potential for creativity and learning should be auopanied by the capacity to promote such
behaviour among other staff members (Gupta andh8@Ingl993). Staffing practices in
developing countries are often constrained; whetiners seek blue-collar or better skilled
white-collar personnel. For the first category obriers, the process appears relatively
simple, given the traditionally low qualificatiomd local labour. However, it becomes more
complicated when hiring staff for higher positionayailability of well trained and
experienced people is scarce. Finding the righdicates for off-line positions requires
strategic hiring. It also becomes more complicaed involves higher costs (Flynn, 1994,
Forest, 1994). In this regard, Pefia (2000) docusnémit in high turnover maquiladora
contexts, hiring practices may focus more on corsging a worker's lost, rather than
acquiring new, talents. Here again empirical resttiuld help to shed light on the impact that

staff hiring has on internal learning strategies.

3.6  Staff promotion

Promotion policies and associated practices sutisligiraffect professional perspectives. The
first step for designing sound professional develept programmes includes diagnostics of
career issues in the organization (Badawy, 19&f)ariaet al. (1999) mention that career
development should focus on retaining and motigatiorkers by matching organizational
and individual needs. Perspectives for professioadlancement, ways to measure
productivity in R&D, consideration of distinct pexsional aspirations and different
backgrounds of scientists and engineers guaramigaty and willingness to engage in
innovative activities. These groups of professisrmahy feel and react differently towards
fairness and objectivity of career developmentesyst (Tremblayet al., 2002). Additional
elements derive from the balance between inteméhkexternal labour markets, whether firms
hire for entry level jobs, but fill higher levelsofn within; or if positions are filled by hiring

outsiders at all levels (Lazear and Oyer, 2004).
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With regard to staff promotion, multinational atiiles in Mexico tend to follow Japanese-
style management approachesvouring internal labour markets over external rees.
Firms implement programmes on career developmecityding succession plans to enhance
internal mobility. Employees, at least at mid-rdekel, apply for a vacant position with the
hope of being selected for the position, especiiélly involves a promotion or affects the
turnover. By contrast, firms of Mexican origin shexvvery limited use of the practice.
Smaller firm size or lack of specific plans to do sould explain this. Formalization of

promotion mechanisms could have a positive impadR&D.

4. Data sources, variable definition and resear ch strategy

Data used in this paper were extracted from Eneuesta Nacional de Empleo, Salarios,
Tecnologia y CapacitacioqfeENESTyC). This survey was carried out by thstituto Nacional
de Estadistica, Geografia e Informatii®&EGI) on behalf of theSecretaria del Trabajo y
Prevision SocialSTPS), Mexico. ENESTYC represents the entire Maximanufacturing
sector. The manufacturing establishment constitilesinit of analysis. The survey builds on
a stratified sample based on the size of the éshebént, as measured by total employment:
Large: 251 and over; medium: 101-250; small: 10-80@ micro: 0-5. Classification of
activities is based on the North American Indukti@assification System (NASCI).
Establishments with 100 or more employees are deduogether with a random sample of
those with less than 100 employees. The total nunobemanufacturing units is 9,920.

Confidence level is 95 per cent, with an estimaiei-response of 10 per cent.

The latest available publication of ENESTYC cor@sgs to 2001. Nevertheless, based on an
agreement to comply with pertinent confidentialigguirements by INEGI, personnel from
this Institute processed the preliminary data basedinformation for 2004. ENESTYC
provided information on technological and organaal profiles, employment and
remuneration levels, management practices andrthaspn of training. The module for the
pharmaceutical industry (NASCI code 3254) included data points, representing 388
establishments. The effective working sample, ediolg missing values, is 112 data points,
which is equivalent to some 308 establishments. tDuke inability to match data points with
specific firms, the terms establishment and firm ased interchangeably in the rest of this

paper. However, it must be pointed out that firmsld own more than one establishment.
4.1  Dependent variables

ENESTYC provides information on R&D and the objees of such activities (table 1). In the

context of pharmaceutical firms, it identifies costiucing innovations through:
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1. improvements in existing drug manufacturing preess
2. improvements in or design of new machinery andprgent for the firm’s own use.

This is interpreted as R&D for new process innaati

Alternatively, R&D seeks demand-enhancing innoveimcluding:
3. quality improvements on existing pharmaceuticatiucts

4. design of new products.

Based on the discussion in section 2, (1) and [®)ve are interpreted as knowledge
exploitation activities, and improvements in phacmaical products and processes lead to
searches within familiar knowledge bases. By catithe introduction of some new drugs or
new manufacturing processes, indicators (2) andréate toknowledege searches outside
familiar cognitive, including physical and geogragth boundarie8. This distinction
coincides with Kale and Little’s (2007) differentian of pharmaceutical firms, based on their
accumulated technological capabilities. By comhlgn{id) and (3) a variable on R&D for
knowledge exploitationyd_exploit is obtained. Likewise, by combining (2) and (4) the
variable on R&D for knowledge explorationd_exploreis obtained. In general, firms in

Mexico pursue imitative and incremental innovations

Table 1. Indicators on in-house R&D performance by pharmaceutical firms in Mexico

Variable Definition Mean Std Dev Value
rd_inhouse Firm carries out R&D in-house 741 .440
rd_design_meq Goal of R&D is to improve or design new machinery and .187 .392
equipment for own use 9
rd_improve_process Goal of R&D is to improve existing manufacturing .634 484 a—%
processes =
o
rd_drug_design Goal of R&D is to design new pharmaceutical products .616 .488 i—
()
rd_drug_improvement Goal of R&D is to improve existing pharmaceutical products .661 A76 ey
—
rd_exploit Firm performs R&D for knowledge exploitation 714 454
rd_explore Firm performs R&D for knowledge exploration .625 .486

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.

4.2  Explanatory variables
Table 2 presents the explanatory and control viesaim this paper. Bosetit al. (2005:74)
acknowledge three ways to measure human resouncag®aent variables: “by its presence

(that is, a dichotomous scale for whether it isialty in effect 'yes' or 'no’), by its coverage

4 Similar interpretations in the context of bioteology and pharmaceuticals are found in

Rothaermel and Deeds (2004); Gilsing (2006); anttlé¢éeand Modi (2001).
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(that is, a continuous scale for the proportiontluf workforce covered by it) or by its
intensity (that is, a continuous scale for the degto which an individual employee is
exposed to the practice or policy). The overwhetmimajority [of studies] rely only on

measures of presence.” In general, this is the wdte ENESTYC. Only a few variables

reflect the intensity in management practices. Egample, the indicator on workers’
participation in decision-making shows the percgiveportance of the practice by the
employer. Wright and Boswell (2002) and Boslal (2005) advise caution on differences in
measuring management variables in terms of eitbkeigs or practices. Whereas the former
reflects an organization's stated intentions raggrthanagement activities, the latter reflects
the actual, functioning, observable activities,eaperienced by employees. Written policies
will influence performance only if individuals peige them as important for organizational
well-being. ENESTYC contains several variables espnting regulations on management
practices. Detailed information on how such rulesdlate into actual practice is missing.

Consequently, great care was taken when introdubigim in the analysis.
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Table 2. Management and control variables included in the analysis

Min. Max. Description

1 if the firm provided training to its employees in 2004; 0 otherwise

train04 0 1
training_internal 0 1 1 if training is provided by colleagues in-house; 0 otherwise

1 if the firm provides training through external providers (specialized public

- job training centres, public/vate universities, other firms, consultants or the

external_training 0 1 industry’s trade organization); O otherwise

1 if the firm provides training both in-house and externally; O otherwise.
internal_external_tr 0 1 Interaction term between training_internal and external_training

Natural logarithm of the average remuneration per worker: total
In_avg_rem 2674 5749 remuneration _(salanes and benefits) paid in 2004 divided by total number

of employees in that same year

1 if workers participate in decision-making and the firm declares such
imp_empowerment 0 2 practice as important; 2 not important; 0 workers do not participate

1 if the firm regulates staff promotion through either collective contracts or
rule_promotion 0 1 other internal negotiations; 0 otherwise

1 if the firm regulates hiring staff through either collective contracts or other
rule_hiring 0 1 internal negotiations; 0 otherwise

1 if the firm regulates the use of temporary rotation practices through either
rule_temprot 0 1 collective contracts or other internal negotiations; 0 otherwise

Control variables

1 if the firm reports the use of total quality management and/or just-in-time
modern_practice 0 1 organizational practices irrespective of actual importance; 0 otherwise

Size of the firm 1=Large, 2=Medium, small and micro
large_sme 1 2

Firms classified by exporting behaviour and size. Interaction term between

export_dummy and large_sme; 1=large, 2=small and medium sized (SME),
expt_largesme 0 2 SR

0 no participation in export markets

Firms classified by size and foreign ownership. Interaction term between
fdi_largesme 0 2 foreign_share and large_sme: 1=large, 2=SME, 0 no participation of

foreign capital in total social capital of the firm

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.
Notes: Information for the 112 data points in working sample; * Thousand Mexican pesos; variables in bold are those
created by the authors with information from the source.

Control variables Lundvall and Valeyre (2007) in the case of EurdPpECD (1998) for the
OECD countries and Kaplinsky (1995) for developomuntries document the interrelation
between modern management practices and orgamahttrategies adopted by firms. Such
strategies correspond with the type of managemmictipes available for firms and shape the
environment in which learning takes place (Arunddl al., 2007). In the case of
pharmaceutical firms, and in the context of cur@MPs, TQM practices assist in meeting
the strict quality control required by regulatorgttzorities. In this paper, the variable
modern_practiceontrols for the use of JIT and/or TQM practic8apital origin and export
behaviour reflect the technological performance pbrmaceutical firms in developing
countries such as Mexico (Kiet al, 1989; Zufigeet al., 2007). By normalizing the variables

on export exposure and capital origin with resgectirms' size it was possible to correct
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problems of high and positive correlations amongewariables on theght hand side of

the equation. It also captured the scale effeat&€KBurn and Henderson, 2001).

4.3. Research strategy

The dependent variables in this section denotelikedihood that a pharmaceutical firm
carries out in-house R&D. A suitable approach fadging this type of decision variables is a
probability model, such as binary probit regressituiao, 1994; Greene, 2003). The

dependent variable can be expressed as:

1,ify*>0

= 1
Y 0, otherwis @)

The linkage function between the vector of depehdemiables Y and the explanatory
variables x's can be expressed as:

E(Y)=u =) BXx +& (2)

k=1

Given the binary nature of Y, one can express ithicage function between Y and ix a

more general fashion A probit model is a generalized linear model vétprobit link:
n=o tu (3)

where ® is the standard normal cumulative density funct{@DF) in the form of a
standardized variable, Z score, expressed in piliyaterms (Liao, 1994). Probit analysis
assumes binomial distribution of the dependentatéei and normal distribution in the errors

term, € .°

The analysis proceeded as follows: some basic mepetifications based on statistical
significance and theoretical consistency were ifledt To minimize potential
multicolinearity problems, combinations of variablgith correlations equal to or larger than
+ 0.5 were avoided (Annex table 1). Accordingly, the psmn of training, the log of
average monthly remuneration, and the importancevarker’'s participation in decision-

making processes were retained. As for the vamable formal regulations that govern

®  An alternative is logit regression analysis whéte errors term & would assume a logistic

distribution. In general, probit and logit rendaniar results (Greene, 2003).
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temporary rotation and procedures to hire new stadff staff promotion, these were merged to
correct for their positive correlations in exce$sO&’. The new variabletules_hrm runs
from 0-3 depending on the number of practices mgdl by the firni. Additional models
tested the adequacy of variables on modern ordaomzéd practices. The variable on JIT
highly correlated with other indicators, such askeds participation in decision-making, use
of temporary rotation assignments and so on. Tleafsnodern_practicgindicating the
simultaneous adoption of TQM or JIT by the firmIdesl to overcome these problems.
Alternative models, which include only the TQM \aduie, rendered similar results to those

presented here.

Analysis started by exploring the extent to whidmtcol and management practices explain
the likelihood that a firm performs in-house R&Dheéh, the definition of the dependent
variable was iteratively changed, while keepinglibsic structure at the right hand side of the
equation unchanged. (Note a minor difference indénition of training used in models
with rd_design_meas the dependent variable.) Most firms reportadnigaprovided training

to employees during 2004. Consequently, models trdgih04 had problems converging; the
variable predicted the probability that a firm penis such type of R&D. The choice was for
the alternativeinternal_external_trwhich denotes interactions between internal attereal
training. Individual effects of internal and extafrraining, respectively, were tested on the
remaining definitions of R&D. Several checks wererformed to ensure accuracy and
robustness of results. Models were included, weaoh dependent variable was regressed on
the control variables only. Thus it was possibleotiserve the extent to which control
variables explain the learning behaviour of phamnécal firms. Equations were then run by
including only those explanatory and control vaesb that reveal some statistical
significance, at 5 per cent or less, in the basideh For reasons of space and feasibility of
the analysis, results from those models are indumig, in all cases, estimations corroborated

robust results.

5.  Empirical results
5.1 Learning behaviour of pharmaceutical firmsin Mexico
Annex table 2 summarizes the learning behavioyhafrmaceutical firms in Mexico. Some

74.1 per cent of firms performed R&D in 2004, withme 63.4 per cent and 70.5 per cent

®  Factor analysis showed that the three practinethe regulation of management practices show a

tendency to cluster independently from the othenagament variables in the equation.

The rules_hrm were computed based on both explyr&éctor analysis and the arithmetic mean
of the three original variables: rules_hrm=(ruleompotion+rule_hiring+rule_temprotation)/3. In
either case, results were similar to those repdner@. For simplicity of the analysis, the index
variable was retained.
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focusing on process and product innovations, res@be. Of those performing R&D for
process innovation, 25.3 per cent did so to impraveesign machinery for their own use,
while some 63.4 per cent to improve productive psses. As for demand-enhancing
innovations, some 61.1 per cent of firms pursued peoducts, and some 66.1 per cent
focused on improvements in existing drugs. In #ostext, indicators, such as sales and
employment show that, on average, R&D performaghty outperform those reporting no
R&D activities. For instance, average employmeotaltsales and sales per employee are,
respectively, 1.4, 1.6 and 1.1 times larger in $inwith active learning strategies. By contrast,
indicators on capital origin and export orientattend to favour non-R&D performers. Some
70 per cent of firms were engaged in either knogée@xploitation or exploration. The
corresponding figures on employment, sales andhsare very close within each group, with
a slight advantage for active learners. A signiftcaumber of firms participate in external
markets. However, since the average share of expotibtal sales of the industry is rather
modest, one could argue that pharmaceutical firmassaongly oriented to serving the local
market. In line with the current general managemprdctices (GMPS) requirement,
ENESTYC reports an extensive adoption of modern ufauturing practices in the

pharmaceutical industry.

5.2  Learningthrough in-house R& D

Table 3 presents estimates obtained from the eceinm@nanalysis. Model (1) corresponds
with in-house R&D, irrespective of the goals pusbg the firm. Models (2) and (3) include
cost-reducing R&D, while models (4) and (5) reladedemand-enhancing R&D. As can be
seen, the table is split into two sections; moaath control variables only, and those with
the full set of explanatory and control variablego (1994) and Long and Freese (2006)
suggest that instead of maximizing the value of gpgcific scalar measure of goodness of fit,
the analysis should be consistent with theory amdipus research. The Wald tests for the
value of X2, which is different from zero, confirm that the debs are statistically significant
at standard confidence levels. The classificatiablet of observed and predicted
valueg] cutting point at 0.5 show that, in general, the predictive power of eawdel is
acceptable (Liao, 1994). For instance, in modell(X) positive cases were predicted, with 78
of them correctly classified because the actualenadion corresponded with an R&D
performer, (y=1). The remaining 22 cases were meobly assigned because the actual
observation was a negative response, (y=0). Coelyefsom the 12 responses predicted as
negative, 7 were correctly, while 5 were incorngatlassified. The values of the Cragg-Uhler
R? suggest that the models better reflect the prdibalif performing exploration-related
R&D.
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Table 3. Results from probit analysis: management practices and learning
in the Mexican pharmaceutical industry

Variables (1) 2 3) 4 (5)
rd_inhouse rd_improve_process | rd_design_meq |rd_drug_improvement rd_drug_design
train04 1.40%** 1.08** 0.98** 1.40%**
(0.45) (0.46) (0.43) (0.50)
internal_external_tr 0.57*
(0.23)
In_avg_rem 0.49* 0.32 0.62** 0.55** 0.56***
(0.26) (0.22) (0.29) (0.24) (0.25)
imp_empowerment 0.28 0.29* 0.74%+* 0.18 -.39%**
(0.18) (0.16) (0.23) (0.17) (0.18)
rules_hrm -0.23 0.07 0.37 0.16 -0.67**
(0.36) (0.32) (0.40) (0.33) (0.34)
modern_practice 0.33 -0.16 0.51* 0.10 0.19 -0.57 0.18 -0.20 0.48* -0.01
(0.28) (0.33) (0.26) (0.31) (0.31) (0.41) (0.26) (0.31) (0.27)  (0.33)
expt_largesme 0.45** 0.34 0.14 0.06 0.04 -0.19 0.19 0.039 0.62***  0.56***
(0.20) (0.22) (0.17) (0.18) (0.17) (0.25) (0.18) (0.19) (0.21)  (0.22)
fdi_largesme -0.46** -0.71%** -0.27 -0.44** -0.27 -0.47* -0.68*** -
1.02%**
(0.23) (0.24) (0.21) (0.22) (0.21) (0.23) (0.25)  (0.27)
Constant 0.32 -2.76** 0.011 -2.27** -0.95%** 5 20%** 0.26 -2.91%x* -0.16 -
3.41%+*
(0.24) (1.17) (0.23) (1.04) (0.26) (1.26) (0.23) (1.08) (0.23)  (1.19)
Log Likelihood Full -60.6 -52.8 -71.0 -65.3 -53.3 -41.3 -70.6 -63.8 -67.0 -57.6
x? [3]7.99** [7]26.1** | [3]5.18  [7]17.4* | [3]1.65 [7]22.1**| [3]2.20  [7]15.8** |[3]13.9** [7]29.5
Cragg-Uhler R? 0.267 0.188 0.328 0.182 0.355
Classification tables: Predictive power of models”™
Count R™® 75.9 68.8 81.3 [3]1.65 |[7]22.1** 68.8 70.5
Classified D -D Total D -D Total D -D Total D -D  Total| D -D  Total
+ values 78 22 100 64 28 92 3 3 6 67 28 95 58 22 80
- values 5 7 12 7 13 20 18 88 106 7 10 17 11 21 32
Total firms 83 29 112 71 41 112 21 91 112 74 38 112 69 43 112

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.

Notes:

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1; DF, Degrees of freedom within squared brackets; /a.

These refer to model especifications including the full set of explanatory and control variables. Entries are classified as positive
if predicted Pr(D) >= .5 True D defined as internal different from zero, D and -D indicate a positive or a negative predictive
value, respectively; /b. Percentages.

Considering the non-linearities involved in binaegression models, interpreting individual

coefficient estimates is problematic. Moreoverjsitdifficult to grasp what a positive or

negative effect of a given independent variablettom probit P “tu ] is. Associated

literature recommends looking beyond the directiod significance of individual coefficient
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estimates. Liao (1994) identifies four complementapproaches to interpret the results: (1)
predicted values of the link functiopor transformed) assuming specific values for the
remaining variables in the model; (2) the margeféécts of an explanatory variable gror
transformedn; (3) the predicted probabilities assuming some ifipegalues on the
independent variables; and (4) the marginal effeictan explanatory variable on the
probability of occurrence of an event. Approacheshsas (1) are rare for logit or probit

(Liao, 1994), hence they are not treated in thesegient discussion.

The individual estimates reveal that training Has $trongest and most significant effect on
learning. It also increases the likelihood thamngr carry out R&D. Remunerations are
important for new process- and new product-reld®&D. Workers' empowerment has
positive and statistically significant effects amokvledge exploration. The regulation of some
management practicesiles _hrm is relevant only ford_design albeit with negative effects.
Contrary to expectations, the control variablesghitie influence on R&D performance. The
exception is knowledge exploration which supporésvrdrug design. While exports and
capital ownership play relevant roles, their effedhowever, run in opposite directions.
Whereas export participation induces learning,ifpr@wnership inhibits it. Scale effects are
also captured as the two latter variables are noresh by the firm's size. Adoption of
modern_practicedoes not reveal any specific effect on learninger@ll, the estimates
suggest a passive learning behaviour of the phautiaal industry in Mexico. The constant
term is consistently negative and statisticallyngigant. If all right-hand side coefficients

were set at zero, the probability that a pharmacautrm carries out R&D is rather low.

A complementary way to look at results in tables3by computing the marginal effects
derived from modifications in the value of a givexplanatory variable. These are changes in
the likelihood of observing a given outcome conginigon changes in the value of an
explanatory variable. In this regard, non-lineastimply that shifts in probabilities depend on
two combined effects. One is the actual changbénvariable of interest, and the other is the
values adopted by the remaining elements in thatemu The latter are assumed to remain
constant, usually, at the mean value. Comparismmade relative to specific characteristics
of the issue under investigation. For binary vddapthe only relevant change in probabilities
is the shift from 0 to 1, and vice versa (Long &mdese, 2006). This can be interpreted as
going from the absence, to the adoption, of a @adr management practice. By contrast,
changes in continuous variables can be evaluataiffarent magnitudes, such as standard
deviations or, directly, in percentages (Christediet al., 1997; Christofidest al, 2000).
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Table 4 corroborates that the influence of managénpeactices on learning is more
pronounced in the case od_design Marginal increases in remunerations have a pesiti
impact on learning. The exceptionris impr_proc By contrast, one can confirm the negative
impact ofrules_hrmonrd_drug_designinterpretation of discrete probability changesidt

be handled with care; they are meaningful onlyvJariables spanning a sufficiently large
range of values (Long and Freese, 2006). A perticase is that of remunerations. Column 1
in table 4 reveals that a change in the logarittimemunerations, equivalent to an increase
from minimum to maximum, raises the likelihood tleafirm conductsd_drug_designby
some 0.54. The effects of changes in remunerationstronger for demand-enhancing R&D
than for cost-reducing activities. The impact causg changes of half a standard deviation in
the log of remunerations, column 4, are largerdodesignthan for any other type of process
R&D.

So far, the analysis has considered some detagfiittbns of the R&D variable. Thus it was
observed that management practices distinctly aléaecning through R&D. Here, two major
patterns were identified. First, in line with thetion of exploitation and exploration, the most
significant effects are associated with knowledgplaration, whether for new process or
product innovations. Besides, the more exploratine search, the stronger the exigency on
the human resources. Second, table 4 underlines diffarentiated influence of management
practices on R&D for both process or product intioves. For reasons of space and
pertinence of the analysis, in what follows, coriion is placed on the first observed

pattern.
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Table 4. Changes in probabilities and marginal effects for models in table 3

, O @ ®) @ ® ©)
rd_inhouse min->max 0->1 -+1/2 -+sd/2 MargEfct MargEfct™*=0.779
train04 0.51 0.51 0.4 0.13 0.42 0.51**
In_avg_rem 0.42 0.08 0.15 0.1 0.15 0.15*
imp_empowerment 0.15 0.09 0.08 0.07 0.08 0.08
rules_hrm -0.07 -0.07 -0.07 -0.03 -0.07 -0.07
modern_practice -0.05 -0.05 -0.05 -0.02 -0.05 -0.05
expt_largesme 0.19 0.11 0.1 0.08 0.1 0.1
fdi_largesme -0.5 -0.22 -0.21 -0.14 -0.21 -0.21
rd_impr_proc 0.650
train04 0.41 0.41 0.39 0.12 0.4 0.41%*
In_avg_rem 0.33 0.08 0.12 0.08 0.12 0.12
imp_empowerment 0.21 0.11 0.11 0.09 0.11 0.11*
rules_hrm 0.03 0.03 0.03 0.01 0.03 0.03
modern_practice 0.04 0.04 0.04 0.02 0.04 0.04
expt_largesme 0.04 0.02 0.02 0.02 0.02 0.02
fdi_largesme -0.34 -0.16 -0.16 -0.11 -0.16 -0.16**
rd_design_meq 0.101
Internal_external_tr 0.18 0.02 0.1 0.1 0.1 0.10%**
In_avg_rem 0.27 0 0.11 0.07 0.11 0.11**
imp_empowerment 0.35 0.11 0.13 0.11 0.13 0.13***
rules_hrm 0.06 0.06 0.06 0.03 0.06 0.06
modern_practice -0.11 -0.11 -0.1 -0.05 -0.1 -0.11
expt_largesme -0.06 -0.04 -0.03 -0.03 -0.03 -0.03
fdi_largesme -0.17 -0.14 -0.15 -0.1 -0.15 -0.15**
rd_drug_imp 0.674
train04 0.38 0.38 0.34 0.11 0.36 0.38**
In_avg_rem 0.53 0.04 0.2 0.13 0.2 0.20**
imp_empowerment 0.12 0.06 0.06 0.06 0.06 0.06
rules_hrm 0.06 0.06 0.06 0.02 0.06 0.06
modern_practice -0.07 -0.07 -0.07 -0.03 -0.07 -0.07
expt_largesme 0.03 0.01 0.01 0.01 0.01 0.01
fdi_largesme -0.36 -0.17 -0.17 -0.11 -0.17 -0.17
rd_design 0.667
train04 0.51 0.51 0.48 0.16 0.51 0.51%*
In_avg_rem 0.54 0.03 0.2 0.14 0.2 0.20**
imp_empowerment 0.26 0.15 0.14 0.12 0.14 0.14**
rules_hrm -0.24 -0.24 -0.24 -0.1 -0.24 -0.24**
modern_practice 0 0 0 0 0 0
expt_largesme 0.37 0.21 0.2 0.17 0.2 0.20***
fdi_largesme -0.68 -0.37 -0.36 -0.24 -0.37 -0.37%+*

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.

Notes: Min->Max: change in predicted probability as x changes from minimum to maximum;
0->1: change in predicted probability as x changes from 0 to 1;
-+1/2: change in predicted probability as x changes from 1/2 unit below base value to 1/2 unit above;
-+sd/2: change in predicted probability as x changes from 1/2 standard deviation below base to 1/2 standard
deviation above;
MargEfct: partial derivative of the predicted probability/rate with respect to a given independent variable.
1. Computed based on the method of discrete changes;
2. Computed based on the method of marginal changes; robust standard errors in parentheses;
*rk % * denote significance at the 1, 5 and 10 per cent levels, respectively;
? changes for binary variables from 0 to 1.
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53 R& D for knowledge exploitation or exploration

Human resources, a core ingredient of a firm’'s uesm base, are expected to contribute in a
different way to learning and innovation, dependomy the knowledge involved in such
activities® Nelson and Winter (1982) and Fransman and Kin@4L@rgue that, over time,
firms gain experience and, eventually, develop inast that increase their efficiency and
productivity in manufacturing and, in general, thanagement of current product portfolios.
Improvements in products and processes, or bothganerally based on searches within a
firm’s accumulated knowledge. Conversely, the nadien the intended innovation relative to
what the firm knows, the greater the need to loelond familiar cognitive boundaries.
Management systems influence and play a mediatdeyim these processes via the creation,
transfer and integration of knowledge flows thati@na firms’ human capital, as a stock
(Wright et al, 2001), in ways that are valuable, rare and inibhitgGrant, 1996). So far, the
findings here suggest that management practicesasseciated more with knowledge
exploration than with other activities. These fimgh were investigated further by running two
additional models using two dummy variables. FilR&D for knowledge exploitation
(rd_exploi), and second, R&D for knowledge exploratiod (explorg. Results are presented
in table 5. Similar to table 3, it includes two sifieations. First, models with control

variables only, later, those with the full set afiables.

Table 5 confirms the expected differences in thetrimution of management practices to
exploration and exploitation strategies. Knowledgeloration, in the sense of research,
experimentation and technological capability-bunlgliis associated with stronger exigencies
on management practices. The provision of trainingmunerations and worker’s

empowerment have positive and statistically sigaiii effects. Exports and the origin of
capital ownership, controlled by size of the fimaport significant, yet opposed, effects on
knowledge exploration. Table 5 includes the comparteof marginal effects. In general, they
confirm that the effects of management variablesnanch stronger for R&D for knowledge

exploration.

8 To some extent such differences result from thendt nature of innovation across industrial sext
(Pavitt, 1984; Laursen, 2002).
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Table 5. Influence of management practices on knowledge exploitation and
exploration by pharmaceutical firms in Mexico

rd_exploit rd_explore
Variables Mg effect Mg effect
train04 1.25%** AB5*** 1.48*** 0.53***
(0.44) (0.16) (0.50) (0.14)
In_avg_rem 0.44* 0.14* 0.55* 0.20%
(0.24) (0.08) (0.25) (0.09)
imp_empowerment 0.24 0.08 0.45** 0.16**
(0.17) (0.06) (0.19) (0.07)
rules_hrm 0.07 0.02 -0.66* -0.24*
(0.35) (0.11) (0.34) (0.12)
modern_practice 0.22 -0.25 -0.08 0.41 -0.15 -0.05
(0.27) (0.33) (0.10) (0.27) (0.33) 0.12
expt_largesme 0.30 0.17 0.06 0.59%** 0.54** 0.19**
(0.19) (0.21) (0.07) (0.20) (0.23) (0.08)
fdi_largesme -0.43* -0.64*** -0.21%** -0.68*** -1.04%xx* -0.37%x*
(0.22) (0.24) (0.08) (0.25) 0.27) (0.10)
Constant 0.39 -2.46** -0.073 -3.34%**
(0.24) (1.11) (0.23) (1.20)
Observations 112
Log likelihood full -64.6 -57.6 -67.2 -57.1
X2 [3]4.66  [7]20.3%* [3]12.7%*  [7]29.6***
Cragg-Uhler R? - 0.221 - 0.358
Count R? 0.72 0.70

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.
Notes: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1; Degrees of freedom
within squared brackets.

54  Investigating the effects from different types of training

So far, training has revealed a positive and roimfftence on the likelihood that a firm
performs R&D. This is consistent with the literawn human capital development and some
previous studies on innovation and human resouar@agement (Michie and Sheehan, 1999,
2003). In order to extract meaningful conclusiansre disaggregated measures on the actual
nature of training were introduced. Section 3.hidied two complementary forms: internal
(on-the-job) and external (off-the-job). The formems expected to support knowledge
diffusion and sharing within the organization, asvould relate more closely to exploitation
strategies. By contrast, external training wouldnagally support the expansion and
enrichment of knowledge bases through interactidh wther knowledge producers (Casas,
2005).
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Table 6. Testing the influence of internal and external training
on performance of in-house R&D

Variables rd_inhouserd_exploitrd_explorerd_improve_processrd_drug_designrd_drug_improvement
training_internal 0.68** 0.73* 0.64* 0.64** 0.56* 0.41
(0.33) (0.32) (0.34) (0.33) (0.34) (0.31)
external_training 0.53* 0.37 0.83*** 0.43 0.78** 0.29
(0.31) (0.31) (0.31) (0.31) (0.31) (0.30)
In_avg_rem 0.37 0.34 0.41 0.23 0.42* 0.47**
(0.25) (0.24) (0.25) (0.23) (0.24) (0.24)
imp_empowerment  0.31* 0.27 0.50%*** 0.32** 0.43* 0.18
(0.18) (0.17) (0.19) (0.16) (0.19) 0.17)
rules_hrm -0.21 0.05 -0.70** 0.05 -0.68** 0.19
(0.36) (0.34) (0.35) (0.32) (0.35) (0.33)
modern_practice -0.07 -0.18 -0.12 0.15 0.03 -0.12
(0.33) (0.32) (0.32) (0.31) (0.32) (0.30)
expt_largesme 0.38* 0.19 0.61*** 0.06 0.62*** 0.05
(0.21) (0.21) (0.21) (0.19) (0.21) (0.19)
fdi_largesme -0.70***  -0.63**  -1.06*** -0.42* -1.02%** -0.44*
(0.24) (0.25) (0.26) (0.23) (0.26) (0.23)
Constant -1.95* -1.77* -2.53** -1.71* -2.61** -2.31*
(1.12) (1.07) (1.09) (0.99) (1.07) (1.04)
Observations 112
Log Likelihood Full -53.5 -58.0 -56.0 -64.7 -57.0 -64.8
X?[8] 26.9%** 20.8***  38.0%** 19.7** 37.9%x 13.7*
Cragg-Uhler R 0.25 0.21 0.38 0.20 0.37 0.16
Count R? 0.79 0.75 0.74 0.70 0.73 0.73

Source: Authors, bsed on information obtained from ENESTYC 2005, INEGI.
Notes: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1; Degrees of freedom within squared
brackets.

Two additional variables, nameliraining_internalandexternal_training captured the dual
nature of training. The analysis excluded modelsthwid_design_meq because
training_internaltended to predict perfectly the probability ofianf performing this specific
type of R&D? Table 6 contains estimates for models with theradttive definitions on
training. The Wald tests show that, with the exigptof rd_drug_improvementthe
remaining models are statistically significant ahweentional confidence levels. Estimates
confirm that internal training is more closely teld to knowledge exploitation, while that
provided by external agents impacts more directlyeaploration, particularlyd_design
Management interventions are confirmed to haverg s&ong influence on exploration-like
R&D. However, it is somewhat surprising to see thignificance of remunerations

deteriorating while, at the same time, worker's em@rment appears to be gaining

® In the case of perfect prediction, STATA drops fitoblematic variables out from the equation.

An option was to use an interaction term, intereglernal_tr, to capture the simultaneous
provision of internal and external training. In tinkerest of space and consistency of the analysis,
they have been omitted from the presentation; heweesults for the rest of models were similar
to those reported here.
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prominence. The models corroborate the negativeadtnpfrules_hrmon learning. Finally,

export participation appears to stimulate learnpagticularly for (new) product innovation.

6. Discussion

This paper investigated the influence of managerpemttices on the likelihood that a firm
performs in-house R&D. Firms could choose betwesn #lternatives, not necessarily
mutually exclusive, learning strategies. In theteghof the pharmaceutical industry, firms
may tap their accumulated knowledge base and engageme imitative R&D. This
underpins the manufacture of generic drugs accgrtinvell established parameters set by
the drug innovator. Alternatively, firms may perfomore formal R&D activities and seek to
incorporate some significant improvements in thality of products. Looking at distinct
R&D outcomes with diverging degrees of novelty, sormositive linkages between
management practices and learning at firm levelewabserved. More specifically, the
influence from such practices was stronger as tbeelty of the knowledge required
increased. The variableew drug desigrrevealed more interesting results. This supports
previous studies on new product development. Manage practices stimulate creativity,
risk-taking and exploration; they assist in chalimgland increasing the knowledge and skills
of the personnel involved (Lund 2004a). In thisteaty although some evidence is provided
on the impact of management practices on R&D faic@ss innovation, further research is
needed to extract more concrete conclusions. Téiselevant considering that process

innovations enjoy a significant share of innovasiamdeveloping countries.

With regard to specific personnel management ietg@iens, comments are as follows.
Referring to the hypotheses presented in sectidrd ,3some results on specific management
variables can be highlighted. The provision ofrirgg systematically exerts positive effects
on the likelihood that a firm pursues R&D. This papgs Dominguez and Brown’s (1998) and
Samstad and Pipkin’'s (2005) perception that trgirsind general qualifications of the labour
force dictatethe type of management practices needed and feaisibtountries such as
Mexico. Raising skill levels facilitates the adapti of advanced management systems in
Mexican firms. A similar conclusion can be drawm feorkers’ empowerment, the practice
was positive, particularly with regard to explooatirelated R&D. This is also consistent with
previous literature. Increasing the decision-makimgpacity and encouraging the
experimentation of new ideas are key for new prodewelopment; they foster creativity and
innovation (Mumford, 2000). However, this findingiestions the perception that working
environments, which are more rigid and have strohggarchical structures, relative to more

advanced countries, are unsuitable for enhancingnpeance. Kim and Cha (2000) and Bae
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and Rowley (2004) state that research on orgaormtipractices and R&D in developing
countries needs be addressed in a more criticahenatt needs to carefully consider the
contexts where such practices occur. According twvile and Elvira (2007) distinct
environments lead to distinct relationships of naltobligation] supervisor-employees.
There is no reason for such differences, relatovanbre advanced countries, to have a

negative impact on firms’ performance.

Also limitations on the influence of workers’ empenmnent on R&D should be recognized.
The practice was not significant for knowledge exption, although further research is
needed to obtain more concrete conclusions. Yetnoag speculate these results from the
nature of drug manufacturing processes. Concerasgroduct quality and safety led to close
scrutiny and approval by sanitary authorities thgrémiting the capacity to change the
processes. It may also require additional revied approval by the regulatory authorities.
FDA (2004a and b) recognizes that this can be ctsobee for the firm; it reduces the scope
for process innovation in the pharmaceutical ingustloreovoer, the development of generic
drugs is restricted by the need to comply with #fmeparameters set by the drug innovator. If
firms are required only to reproduce the knowlelglind such products, it makes little sense

to allow employees to pursue new forms of technplog

The literature review here suggests that remurgrativould have a positive influence on
learning. Estimates also reveal that raising remations increases the probability of a firm to
engage in R&D. However, the effect was not robustloses significance in models
distinguishing between internal and external tragniAlbeit difficult to corroborate based on
data used here, a possible explanation results ftnfrequent mark-up on pecuniary
remunerations, more specifically wages, in coustsech as Mexico. Other factors, such as
enhanced training and/or promotion opportunitieay ne equally or even more relevant as
reward mechanisms. Remunerations would underpimniteg but only under certain

conditions and for specific types of R&D, namelgpkvledge exploration.

Equally intriguing was the finding that regulations practices, such as staff recruitment,
staff promotion or temporary rotation, failed tmyide conclusive results. This could reflect
the gap between discourse and practice in manageamproaches in Latin America.
Managerial issues are quoted as a key ingredierguccess; yet, implementation would be
fragmented and lack consistency with stated priasigConsidering the limited information at
hand, it is difficult to corroborate this hypottesirhe exploratory evidence here suggests
other possible lines for research. For instancenatier how well defined the policies to hire

new staff may be, the Mexican market for R&D prsfenals remains rigid. It is hard to find
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people with sufficient knowledge and experienceliarmaceutical research. This includes
advanced and applied research techniques aligrtbddwig manufacturing and design. Even
those with PhD degrees would find it unattractiee work for local generic firms, as
publishing perspectives would be limited. Firms, tirn, may be unable to fulfil the
researchers’ economic and professional expectati®ingilar to the Indian experience (Kale
and Little, 2007), some corrective strategies idelthe search for talent abroad. However,

such practice is limited to a few Mexican firms.

Considering staff promotion, at first sight theulés here seem intriguing. Particularly among
multinational affiliates, personnel and career dgwment plans, and designing precise
succession strategies are of great concern. Thwgthetanding, since R&D activities in such
firms are limited, opportunities to pursue R&D aane are scarce. In the case of Mexican
firms, properly designed plans for staff promotifmtus exclusively on small groups of
talented people. This may induce some negativentives for people outside such groups. In
the case of rotation assignments, the expectediymsgifluence on knowledge-sharing and
diffusion could not be confirmed. Staff rotation ynserve very different purposes, but this
needs further research. Abramo (1997) points catt staff rotation may help to minimize
burn-out and other negative effects associated hiighly routined and repetitive jobs. In
some Mexican generic manufacturing firms, rotafssignments implied temporary transfers
of personnel, from the development unit, for ins&@ro supporting manufacturing or quality

control activities, thereby linking R&D to the daibperation of manufacturing requirements.

The findings here also contradict the usual peioepthat foreign firms are more
technologically dynamic than domestic firms. Theick of performance indicators is very
important. In terms of R&D, a careful reflectionips to the position that countries, such as
Mexico, occupy within business and innovation siyas of multinationals. Local affiliates
maintain a low profile when assisting in the exgaton of knowledge generated at the parent
location or elsewhere in the developed world (voaedit#itz and Gassmann, 2002).
Acquisition of new knowledge, demanding R&D aciedt seldom occurs in developing
countries. By contrast, exposure to external coitipetand larger market opportunities was
found to increase the likelihood that a firm puss&&D. The strongest effect was associated
with new drug designs. In line with Kale and Li#l¢2007) findings, the managing director
of an affiliate of Indian origin argued that “Susserequires strong commitment of financial
and human resources, particularly in research.gtiad is to develop a portfolio of products
to be launched in export markets over a significemé horizon”. In the case of the Mexican
industry, strong reliance on the local pharmacaltimarket may inhibit incentives to

innovate; management strategies would aim to isergmoductivity and efficiency. In other
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words, the adoption of modern organizational pcastimay contribute to the establishment of

what Cimoli (2002) identifies as a ‘global moderamafacturing centre’.

7. Conclusions

Efforts made to establish a consistent theory @nrtiationship between human resource
management practices and innovation performantiaratevel is at an early stage, since the
linkages between those variables are yet to be w@mpded. This paper, nevertheless,
provides some evidence that management practiflesrice innovation by stipulating, first,
learning and capacity-building through in-house R&Ihis is one of the first systematic
analyses of the influence of human resource managewver learning through R&D in
developing countries. Focus on the Mexican pharotézad industry illustrates the
importance of carefully considering the contextswhich management practices work.
Overall, macroeconomic conditions and the sociglrenment around R&D dictate not only
what is possible and feasible, but also what caexpected from management interventions.
No matter how advanced a well trained and expeeigtabour force may be, it will generate
positive results in terms of innovation only ifistconsciously provided with opportunities to
do so. The effects of management practices on qpeafoce may depend on how countries get
involved in and contribute to innovation in spexiindustries. Learning mechanisms differ

among firms and countries.

Pharmaceuticals are highly R&D intensive. The capdao perform R&D determines the

viability and capacity of a firm to grow in the rkat. In a catching-up context, R&D is

intertwined with the capacity to exploit and exjgldechnological and market opportunities.
At a basic level of technlogical capabilities, R&Dpports the accumulation of knowledge
and experience needed to progressively introduae mophisticated drugs into the market.
Recent experiences in India support this argumenaddition, sectoral differences in the
nature of R&D lead to distinct knowledge requiretseand, consequently, demands on

human resources.

From a methodological perspective, the paper haptdi the benefits of pursuing research on
management practices and innovation. A more caiefidstigation of the latent processes
involved, in this case learning, is necessary. TiBisalready a familiar approach for
management scholars interested in understandingniemvagement practices affect creativity
and creative thinking. This type of approach cqudde the way towards understanding how
human factors and their organization within firmsulkd contribute to the building and

operation of systems of innovation in both devetbaed developing countries.
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Annex

Table 1. Correlation analysis of variables on management practices and firm characteristics

considered for the analyses

@ @ @B @ BB © n @ (9 (@10 @1 @12 (@13 (@14
Q) Modern_practice 1.00
2) Large_SMEs 0.07 1.00
(0.47)
3) Expt_large SMEs 0.14 0.09 1.00
(0.14) (0.33)
(@] FDI_large SMEs 0.18 -0.14 0.44 1.00
(0.06) (0.14) (0.00)
(5) Train 04 0.25 -0.11 0.12 0.3 1.00
(0.01) (0.23) (0.20) (0.18)
(6) Training_internal 0.14 -0.26 0.18 0.19 0.66 1.00
(0.14) (0.01) (0.05) (0.04) (0.00)
(@) External_training 0.12 -0.27 0.05 -0.02 060 0.30 1.00
(0.21) (0.00) (0.60) (0.87) (0.00) (0.00)
(8) Internal_external_tr 0.15 -0.32 0.11 0.06 0.74 0.63 0.93 1.00
(0.11) (0.00) (0.24) (0.52) (0.00) (0.00) (0.00)
9) In_avg_rem 0.14 -050 045 040 014 022 021 026 1.00
(0.14) (0.00) (0.00) (0.00) (0.14) (0.02) (0.03) (0.01)
(10) Imp_empowerment 049 0.05 0.07 015 012 0.01 0.09 0.07 0.04 1.00
(0.00) (0.64) (0.49) (0.11) (0.21) (0.96) (0.35) (0.43) (0.67)
(11) Rule_promotion 0.02 -0.09 0.09 0.04 021 028 010 0.19 0.12 -0.01 1.00
(0.85) (0.33) (0.32) (0.66) (0.03) (0.00) (0.28) (0.04) (0.21) (0.95)
12) Rule_hiring 0.13 -0.12 -0.01 -0.02 0415 015 0.09 013 0.08 0.07 053 1.00
(0.16) (0.22) (0.88) (0.83) (0.10) (0.12) (0.33) (0.17) (0.41) (0.46) (0.00)
13) Rule_temp.rotation 0.10 -0.02 -0.12 0.04 025 0.21 010 0.16 -005 0.26 052 048 1.00
(0.31) (0.86) (0.22) (0.68) (0.01) (0.03) (0.28) (0.08) (0.62) (0.01) (0.00) (0.00)
(14) Rules_HRM 0.10 -0.09 -0.01 0.02 025 0.26 012 0.20 0.06 013 0.83 0.82 081 1.00
(0.29) (0.33) (0.88) (0.80) (0.01) (0.01) (0.20) (0.04) (0.52) (0.17) (0.00) (0.00) (0.00)

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.




Table 2. Summary statistics for the pharmaceutical industry in Mexico, 2004

9€

Mean Standard deviation Minimum Maximum
R&D in-house Internal® (1) No R&D*(Il)  (1)/(1) Internal No R&D Internal No R&D Internal No R&D
Employment 475.7 331.2 14 555.2 259.1 11 63 33915 1158.4
Total sales® 694094.8 433261.5 1.6 1270892 694938.1 2394 12127.5 6958020 2297038
Domestic
sales 609320.3 394477.4 1.5 1055332 634741.2 2394 0 6334508 2069799
Export share .07 .08 0.9 .13 .20 0 0 .69 1
Share of FDI .30 .34 0.9 .46 48 0 0 1 1
Age’ 33.2 275 1.2 19.4 16.6 1 0 74 70
Improved
process Imp_proc5 No R&D® Imp_proc No R&D Imp_proc No R&D Imp_proc No R&D
Employment 492.5 344.3 1.4 589.2 261.3 1.1 63.0 33915 1158.4
2297038
Total sales® 741488.3 427531.3 17 1354405.0 641430.5 2394.0 12127.5 6958020.0 .0
Domestic 2069799
sales 656732.5 375254.1 1.8 1120739.0 583423.9 2394.0 0.0 6334508.0 .0
Export share 0.1 0.1 0.6 0.1 0.2 0.0 0.0 0.6 1.0
Share of FDI 0.3 0.3 0.9 0.5 0.5 0.0 0.0 1.0 1.0
Age’ 33.2 29.2 1.1 20.6 15.1 1.0 0.0 74.0 70.0
New process  Mach & quip’ No R&D® Mach & equip No R&D  Mach & equip No R&D  Mach & equip  No R&D
Employment 655.0 388.3 1.7 804.2 386.7 2.2 1.1 33915 2852.9
6772189
Total sales® 1140099.0 508048.1 22 1808071.0 914265.9 31859.5 2394.0 6958020.0 .0
Domestic 6334508
sales 919528.0 469267.5 2.0 1307236.0 856102.8 31859.5 0.0 4359928.0 .0
Export share 0.1 0.1 1.4 0.2 0.1 0.0 0.0 0.6 1.0
Share of FDI 0.3 0.3 0.9 0.5 0.5 0.0 0.0 1.0 1.0
Age’ 39.2 30.0 1.3 17.7 18.7 16.0 0.0 74.0 72.0
Improved
drug Imp_drug® No R&D™ Imp_drug No R&D Imp_drug No R&D limp_drug No R&D
Employment 496.6 324.7 1.5 577.4 261.5 1.1 63.0 33915 1158.4
2297038
Total sales® 738053.8 409433.5 1.8 1328800.0 653886.7 2394.0 7717.9 6958020.0 .0
Domestic 2069799
sales 654131.2 358097.9 18 1101783.0 587750.3 2394.0 0.0 6334508.0 .0
Export share 0.1 0.1 0.6 0.1 0.2 0.0 0.0 1.0 1.0
Share of FDI 0.3 0.3 0.9 0.5 0.5 0.0 0.0 1.0 1.0
Age’ 34.2 26.8 1.3 19.8 15.9 1.0 0.0 74.0 70.0




LE

New drug drug_design™  No R&D™ drug_design No R&D  drug_design No R&D  drug_design  No R&D
Employment 526.1 297.4 1.8 592.1 238.0 2.2 1.1 3391.5 1158.4
2297038
Total sales’ 765674.0 403324.4 1.9 1367771.0 631241.8 2394.0 7717.9 6958020.0 .0
Domestic 2069799
sales 676530.3 356577.6 1.9 1134408.0 564394.8 2394.0 0.0 6334508.0 .0
Export share 0.1 0.1 0.7 0.1 0.2 0.0 0.0 0.7 1.0
Share of FDI 0.3 0.3 0.8 0.5 0.5 0.0 0.0 1.0 1.0
Age2 34.6 27.1 1.3 19.9 16.2 1.0 0.0 74.0 70.0
Exploitation rd_exploit (1) No R&D I)**  (1)y/(1) rd_exploit No R&D rd_exploit No R&D rd_exploit No R&D
Employment 475.9 344.3 1.4 560.7 276.6 1.12 63 33915 1158.4
Total sales* 708400 421951.7 1.7 1291759 665506.5 2394 12127.5 6958020 2297038
Domestic
sales 626251.9 372290 1.7 1071360 607670.3 2394 0 6334508 2069799
Export share 1 1 1 1 2 0 0 .6 1
Share of FDI 3 4 0.7 4 5 0 0 1 1
Agez 33.3 27.7 1.2 19.7 16.1 1 0 74 70
Exploration rd_explore® No R&D™ rd_explore No R&D rd_explore No R&D rd_explore No R&D
Employment 488.1 319.0 1.5 565.6 249.1 1.12 63 33915 1158.4
Total sales* 705485.3 437609.6 1.6 1292822 693483.2 2394 7717.9 6958020 2297038
Domestic
sales 620633.8 393435.2 1.6 1073893 623592.3 2394 0 6334508 2069799
Export share 1 1 1 1 2 0 0 7 1
Share of FDI 3 3 1 5 5 0 0 1 1
A982 33.6 27.2 1.2 19.4 16.7 1 0 74 70

Source: Authors, based on information obtained from ENESTYC 2005, INEGI.

Note:  Firms in sample: 112; 1. Thousands of Mexican pesos; 2. difference between the year in which a firm started operations in current business and
the year of the survey, 2004; Number of firms: 3. (83); 4. (29); 5. (71); 6. (41); 7. (21); 8. (91); 9. (74); 10. (38); 11. (69); 12. (43); 13. (80); 14.
(32); 15. (79); 16. (33); For variable definitions, see table 1.
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