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LATECOMER SOFTWARE
DEVELOPMENT ACTIVITIES AND
INVESTIGATE TECHNOLOGICAL
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Abstract: Software development activities have been identified as a ‘window of
opportunity’ for latecomer companies. Based on a critical literature review, this
paper argues that studies are yet to scrutinise the exact nature and extent of the
capabilities, which the latecomer companies have been able to develop. The main
proposition advanced by this research is that the analyses need to investigate
the technological capabilities, which the latecomer companies have been able to
accumulate. This study outlines the specifics in analysing technological capabili-
ties in latecomer software companies and improves our understanding about the
complexity in developing software industries in latecomer context.
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INTRODUCTION

In the last two decades a group of studies
has been emphasising that the Information
Technologies (ITs) open opportunities
for leapfrogging by latecomer companies
(Soete, 1985; Steinmueller, 2001). It has
been observed that the availability of
skilled human capital creates a base for
development of IT industries by latecomer
countries. The software sector is, in prin-
ciple, a low-capital but knowledge and
skillintensive industry, and the interna-
tional market for software is big and growing

(OECD, 2004; Steinmueller, 2004). Due

to their higher contribution to economic

growth the development of software and
other high-tech industries has the potential
to foster economic development in latecom-

ers (Kuznets, 1957).

A number of latecomers have attempted
to develop software sectors in the last decade.
Different countries followed different paths:
development of the latecomer software sec-
tors in some latecomers is foreign-led, in
some it is indigenous-based; some latecomer
software sectors are predominantly out
sourcing-driven, some develop own software
activities; some latecomersoftware sectorsare
exportdriven, others remain domestic-ori-
ented. The research is burgeoning following
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the recent expansion of software develop-
ment activities undertaken by latecomers
(Arora et al., 2001; Arora and Gambardella,
2005b; Carmel, 2003; Commander, 2005;
Correa, 1996; Heeks and Nicholson, 2002;
Tschang, 2003). Studies focus on different
variables reflecting the development of
latecomer software sectors, like the range
of products and services offered, market
orientation, models of development (e.g.,
outsourcing-driven, development of own
products and services, domestic-oriented vs.
export-driven, etc.), revenue, growth, skills
and abilities, etc.

Despite the extensive studies on late-
comer software development activities the
focus has seldom been placed explicitly and
systematically on the issue of technological
capability, as the critical literature review in
this paper reveals. The limited number of
studies that did so have either not been well-
recognised, or have some limitations. It is
the aim of this paper to raise this issue and
emphasise that if they are to assess the devel-
opment of latecomer software industries, the
studies need to investigate the technological
capabilities, which the latecomer companies
have been able to accumulate. This paper
outlines the specifics in analysing techno-
logical capabilities in latecomer software
industries.

The paper is structured as follows.
Section 2 outlines the importance of capa-
bilities as major drivers for development of
latecomer software development activities.
Section 3 gives an overview of the concept of
technological capabilities building. Section 4
presents a critical review of the existing liter-
ature on capabilities in latecomer software
industries. Section 5 describes the specifics
in analysing technological capabilities in
the latecomer software industries. Finally,
Section 6 draws conclusions and outlines
directions for further research.

CAPABILITIES: MAJOR DRIVERS FOR
DEVELOPMENT OF LATECOMER
SOFTWARE INDUSTRIES

The software sector is skill-intensive, and
the availability of qualified technical person-
nel and capabilities for software engineer-
ing are critical for its development (Arora
etal., 2001; Arora and Gambardella, 2005b;
Athreye, 2005; Commander, 2005; Correa,
1996; Heeks, 1996; Heeks and Nicholson,
2002; Steinmueller, 2001). Critical impor-
tance is ascribed to computer engineering
education. Availability of qualified human
capital is, indisputably, a critical prerequisite
for the development of the software sector.

Software production, by definition, is an
innovative activity because it aims to pro-
duce new products or new ways of executing
known tasks and functions (Torrisi, 1998).
To undertake software activities, companies
need the capabilities to innovate.! However,
the development of innovation capabilities
is neither automatic nor certain. The litera-
ture on technological capability reveals that
innovation capabilities develop gradually
towards the later stages of cumulative and
gradual efforts aimed at increasing techno-
logical sophistication (Figueiredo, 2001).
Applied to the software sector, this suggests
that successful development of software
activities requires accumulation of techno-
logical capabilities for software production
in latecomer firms - this accumulation is
not an automatic process activated merely by
the presence of technically qualified human
capital.? Therefore, the issue of technologi-
cal capability development has to become a
focal point both for companies engaged in
software development activities, and coun-
tries that are aiming to develop their soft-
ware sectors to harness their potential for
fostering economic development.

Despite extensive study of software devel-
opment activities in latecomers, there has
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seldom been explicit and systematic focus
on the issue of technological capability, as
the literature review in this research reveals.
The existing studies either focus on skills
rather than capabilities or analyse the capa-
bility issue by focussing on certain capabili-
ties without building a systematic framework
for analysis of software technological capa-
bility and only one study develops a frame-
work for software technological capability,
which is valuable but has certain limitations.
The current research places the issue of tech-
nological capabilities as the focal point of
the analysis and develops a framework for
analysing the development of technologi-
cal capabilities in latecomer software com-
panies. The following section gives a brief
overview of the concept of the technologi-
cal capabilities building. Section 4 provides
a brief overview of the literature on capabili-
ties in latecomer software sectors, followed
by a section on the complexity of applying
the concept of technological capability
building to the case of the software sector.

BUILDING TECHNOLOGICAL
CAPABILITIES: AN IMPERATIVE
FOR LATECOMER COMPANIES

A number of scholars agree that, to be
successful and sustainable over time, tech-
nological development in a latecomer or
less-advanced context needs to involve tech-
nological capabilities building (Bell and
Pavitt, 1993; Dutrenit, 2000; Figueiredo,
2001; Hobday, 1995a, 1995b; Hobday and
Rush, 2007; Kim, 1997a, 1997b, 1998; Kim
and Nelson, 2000; Lall, 1992; Marcelle,
2004; Rousseva, 2008; Scott-Kemmis and
Chitravas, 2007). Technological capabili-
ties building involve a deliberate process
of learning and technology upgrading by
the latecomer companies directed at the
accumulation of knowledge and skills and
their commercial application.

Technological capabilities can be defined
as encompassing “the great variety of knowl-
edge and skills which firms need so that
they can acquire, assimilate, use, adapt,
change and create technology” (Ernst et al.,
1998, p.17). It should be noted that this
is “a broad definition, which goes beyond
engineering and technical know-how and
includes organisational know-how” (Ernst

etal., 1998, p.17).

A firm’s technological capability is built
upon multiple components that individu-
ally and collectively shape the rate and direc-
tion of the development of technological
capability. Building technological capability
is, in essence, a process of accumulation of
a wide array of capabilities and subsequent
deepening and broadening to achieve
mastery over new technologies. While deep-
ening the technological capabilities, the late-
comer companies pass through subsequent
stages of technological sophistication, which
can be pictured as a ‘technological ladder’
(Hobday, 1995a, 1995b). In this sense, we
can portray the process of technological
capabilities building as a subsequent pro-
cess of developing capabilities with a higher
level of technological sophistication.

Research in technological capabilities
building (Bell and Pavitt, 1993; Figueiredo,
2002; Hobday, 2000; Kim, 1997b) have
emphasised that it is crucial to distinguish
between production and innovation capa-
bilities, as these reflect completely different
sets of accumulated skills by the latecomer
companies. Developing production capa-
bilities involves accumulating skills and
abilities to operate new technologies (e.g.,
to produce products and deliver services
based on technologies produced elsewhere),
while building innovation capabilities is a
far more cumbersome task. To build inno-
vation capabilities the latecomers need to
deepen their knowledge and understanding
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about the new technologies, to the extent
that they will be able to change and modify
the new technologies and, eventually, to
introduce new technologies. In this sense,
the innovation capabilities are qualitative
different in nature as they signify that the late-
comer companies have gone beyond the stage
of replication and minor adaptations, and
have become capable of introducing techno-
logical innovations on their own.

Innovation capabilities are difficult to
develop and their development is far from
automatic or certain (Bell and Pavitt, 1993;
Dutrenit, 2000; Figueiredo, 2001; Hobday
1995a, 1995b; Hobday et al., 2004; Kim,
1997a, 1997b, 1998; Kim and Nelson, 2000;
Lall, 1992; Marcelle, 2004; Rousseva, 2008;
Tsekouras, 2006). Innovation capabilities
develop on the basis of production capabili-
ties, but go further as a result of active and
purposeful accumulation of technological
knowledge to go beyond production capac-
ity and develop capabilities to change and
modify technologies.

EXISTING LITERATURE ON
CAPABILITIES IN LATECOMER
SOFTWARE COMPANIES

The seminal works of Schware (1989, 1992),
Correa (1996), and Heeks and Nicholson
(2002) have outlined capabilities as a criti-
cal factor in enabling latecomer software
companies to enter international markets.
Some of the recent studies investigating
the remarkable expansion of indigenous
software development activities in a number
India,
China and Brazil (see for example among

of developing countries, like

many others, for all developing countries
(Carmel, 2003; Arora and Gambardella,
2005b; Commander, 2005; Minevich and
Richter, 2005), for India (Arora et al., 2001;
Athreye 2005; Desai, 2005; Tschang, 2001),

for China (Saxenian, 2005; Tschang and
Xue, 2005), for China vs. India (Contractor,
2004; Tschang, 2003), for Brazil (Behrens,
2005; Botelho et al., 2005), etc) also have
mentioned capabilities as an important
driver in development of the latecomer
software industries. However, most of these
studies focus on software engineering capa-
bilities without disentangling the capabil-
ity issue. They are referencing capability but
actually they analyse either skills for software
engineering or for capabilities without plac-
ing them within the capability building frame-
work. There are, however, several important
exceptions, which are considered below.

In discussing the development of the
Romanian software sector Grundey and
Heeks (1998) employ a theoretical frame-
work based on the concept of technologi-
cal capabilities, and provide a taxonomy of
software technological capability. This study
is a valuable contribution, as it outlines dif-
ferent software production activities repre-
senting different stages on the technological
ladder, which are required to perform more
sophisticated software production. It out-
lines the activities underlying production
and non-production software capabilities
and provides a comprehensive analysis of
the progression from simple software pro-
duction, to software redesign, and skilled
software production (Grundey and Heeks,
1998, p.11). It classifies software activities on
seven levels: levels one and two include non-
production activities, and level three and
onwards outline the production activities.

This paper focuses only on software
production activities in Grundey and
Heeks’s (1998) model. Level three represents
production of copies of existing software
products; level four includes adaptation,
without production (e.g., creating a situa-
tion-specific application from a package);
level five is simple software production (e.g.,
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creating a new set of interfaces for users,
creating a program to move data between
applications, creating a small utility pro-
gram, customising an existing program to
user needs); level six involves software rede-
sign (e.g., redesigning a program to meet
local user needs, redesigning a program to
meet regional/global user needs, minor pro-
cess change such as modifying the software
production process); level seven, the highest
level in the classification, represents skilled
software production: local product inno-
vation (e.g., developing a new program to
meet local user needs), international prod-
uct innovation (i.e., developing a new pro-
gram to meet regional/global user needs),
major process change (i.e., redesigning the
software production process), and process
innovation (i.e., designing a completely new
software production process).

Grundey and Heeks’s (1998) model
offers a comprehensive account of the wide
variety of software activities. However, it
includes both non-production and produc-
tion activities. As the aim of the analysis of
technological capabilities in this paper is to
capture the level of technological sophistica-
tion of software production in companies,
it is appropriate to focus on level five and
upwards. These levels of the classification
are incorporated into the framework for
this research. The framework of techno-
logical capability building highlights that
technological capabilities develop along the
breadth and depth, i.e., they have different
technological sophistication (e.g., routine,
intermediate, advanced) and they incorpo-
rate a range of capabilities associated with
each of these levels of technological sophis-
tication (e.g., testing, engineering, design,
R&D). Grundey and Heeks’s model (from
levels five onwards in particular) depicts the
different levels of technological sophistica-
tion of the software technological capability

that can be defined as a “software develop-
ment technological ladder”, but does not
analyse the wide array of capabilities under-
lying these activities. In this sense, there is
a need to explore the capabilities that allow
latecomer companies to execute the activi-
ties referred to, and to build technological
capability. In order to have more practical
value, analyses should scrutinise the com-
ponent elements of technological capabili-
ties underlying the development of software
technological capability. In Grundey and
Heeks’s study the theoretical framework is
not tied directly to the empirical section,
which explores, predominantly, the insti-
tutional foundations (and their transfor-
mation), and only briefly touches on the
development of software activities in the
latecomer software sector in Romania; thus,
it does not provide a clear description of
how to apply the proposed framework.

Tschang (2001) provides an extensive
software development model. He employs a
typology of software development activities
in the software development lifecycle that
corresponds to successive/different phases
in the product lifecycle. The model outlines
five major software development activities,
which parallel four product development
phases:

1 New product development phase

1.1 Conceptualisation: requirements analy-
sis, and design

1.2 (Initial) software engineering: system
analysis and software engineering,
coding and programming, and testing

2 Installation phase
2.1 Customisation
3 After sales phase

3.1 Maintenance: operations and servicing
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4 ‘Expiration’ phase

4.1 Product code updating/versioning/
improvement.

Tschang focuses on the intersection between
the software development lifecycle and the
software product lifecycle. He also high-
lights that the identified activities in the
software development cycle are associated
with different value additions for the com-
pany. However, the model does not tackle
the issue of the technological sophistication
required for software development activities
it identifies, neither does it investigate the
links of these activities to outsourcing. Also,
as the author acknowledges, further work
is needed to break the model down into
products and services, to determine differ-
ent individual activities and skills needed
for each type of activity and to distinguish
different types of activities and firms.

Tschang identifies a set of skills that late-
comer software companies need to develop
(Tschang, 2001, pp.19-20). They are classi-
fied into two major groups: product develop-
ment skills and business development skills.
In Tschang’s framework, there are four cat-
egories within product development skills:

1 basic technical skills such as coding and
programming languages

2 system skills, including project manage-
ment, requirements analysis and systems
analysis

3 advanced or high technical skills, inclu-

ding mathematical abilities and other
(scientific)
used in science and innovative product

fundamental knowledge

development

4 innovative technical skills, which are the
creative, interdisciplinary and other skills
needed for new product innovation.

Under business development skills the
author identifies two groups of skills:

e entrepreneurial skills, including various
management and networking skills, e.g.,
sourcing of venture capital, managing a
start up, forming alliances, etc.

e other conceptual skills, including new
products requirements analysis, knowl-
edge of market and customer needs, and
innovative and creative abilities.

Tschang is helpful in identifying the capa-
bilities that latecomer software companies
need to muster and there are similarities
and differences between his framework and
the framework developed in this paper. The
list of technical skills developed by Tschang
provides a relevant account of the technical
capabilities involved in software production
but it is not specific in identifying advanced
and innovation capabilities.

The list of business skills provided by
Tschang (2001) is generic and does not
take account of the specificity of techno-
logical development in a latecomer context,
or the specific organisational capabilities
mentioned by several studies of latecomer
company development. From the techno-
logical and the organisational point of view,
Tschang (2001) outlines skills rather than
capabilities, an approach that has some
conceptual limitations. This paper outlines
the array of technological capabilities that
reflect both the specifics of software pro-
duction, and the works in the technological
capability building and business literature.
This study, therefore, attempts to provide
more practically-oriented advice and a better
representation of the array of capabilities
needed by latecomer software companies in
order to develop technological capability.

In a later study (Tschang, 2003), Tschang
focuses explicitly on the capabilities of late-
comer software sectors, examining the case
of the Indian and Chinese sectors, and pro-
vides a list of items, namely, individual tech-
nical skills, process maturity, management
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capability, technology, revenue model and
product marketing capability. Despite being
relevant to, and informative about, the state
of development of a latecomer software sec-
tor, this list addresses individual technical
capabilities and technology but does not
distinguish between the technical capabili-
ties needed for software production (e.g.,
capability for software engineering, design,
etc.). It also leaves out a substantial num-
ber of important capabilities, e.g., capa-
bilities required to monitor technological
development and identify potential niches,
capabilities for strategic thinking, link-
age capabilities, capabilities to establish a
dynamic organisational learning environ-
ment, etc. Further, from a technological
capability point of view, this model provides
a mix of capabilities (see above) and per-
formance indicators (e.g., revenue model),
without being exhaustive or clear about
how these are derived (although most are
indeed relevant).

In addition to Grundey and Heeks and
Tschang, a fairly recent book by Arora and
Gambardella (2005b) analyses the under-
pinnings of the successful development of
the software sectors in several latecomer
countries, among them India, China and
Brazil. Alongside specific developments in
individual countries, the study attempts
to identify the driving forces of the devel-
opment of latecomer software sectors.
Capabilities emerge as important drivers
underlying the success of these latecomers,
as emphasised in the individual country
chapters (see (Athreye, 2005)) in particular;
also (Botelho et al., 2005; Tschang and Xue,
2005); and the conclusions in Arora and

Gambardella (2005b).

Despite this and high-
lighted importance, the studies in Arora
and Gambardella (2005b) provide neither
a detailed nor a unified framework for
analysing capabilities (the study of Athreye

recognition

analyses capabilities and is discussed below).
In the individual chapters, the analysis
of capabilities in Arora and Gambardella
(2005b) is combined with many other fac-
tors affecting industry development, and it
is the sources of the incubation of capabili-
ties that are the focal points of the analysis,
rather than the actual capabilities (with the
notable exception of Athreye’s contribu-
tion, which is discussed below). Similarly,
despite emphasising the importance of
firms’ capabilities, the conclusions focus on
the sources of firms’ capabilities rather than
on the capabilities themselves (Arora and
Gambardella, 2005a). It is an advantage that
this study has analysed the sources of capa-
bilities, as it started unpacking the capabil-
ity box. Nevertheless, an explicit framework
considering the specifics of technological
capabilities building in the software sector
and a connection with the literature in the
field of technological developments in late-
comer contexts are both lacking in most of
this study.

Within the collection edited by Arora
and Gambardella (2005b) and Athreye
(2005) devotes the greatest specific atten-
tion to capabilities development. Although
it does not provide an analytical framework
or systematically explore the issue of techno-
logical capabilities building, it does capture
and portray the underlying idea of tech-
nological capability building in latecomer
software companies. Exploring the develop-
ment of the Indian software sector and the
factors contributing to its successful devel-
opment, Athreye (2005) observes that it is
the evolutionary development of capabili-
ties that underpins the Indian success. The
study reveals that Indian companies entered
the international market by providing basic
programming skills, but that over time they
developed capabilities for software process
management and, in a few cases, expertise
in specialised domains. Athreye concludes
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by emphasising that the Indian model is a
specific example; its success lies in the win-
ning combination of developing different
variants of the outsourced service model
and evolving organisational capabilities
for software process control and large-scale
labour management (Athreye, 2005, p.36).
In this sense, it can be perceived as a specific
and exceptional case of a latecomer software
sector development.

Athreye’s focus on outsourcing of software
products and services is just one of the paths
open before the latecomer software compa-
nies, as a range of paths, including outsourc-
ing or developing own products and services
for domestic or international markets, are
open to latecomers, as discussed below. In the
case of Multinational Enterprise (MNE) out-
sourcing, capabilities building will be heavily
influenced by learning spillovers from the
MNE. Different paths may require different
capabilities, which latecomer companies need
to master, as this paper highlights. For exam-
ple, outsourcing might require a set of skills
that are limited and significantly narrower
than the set of skills required for companies
to produce their own products and services.
In this sense, the question about technologi-
cal capabilities in latecomer software compa-
nies is unresolved.

This critical review of the studies on capa-
bility building in latecomer software sectors
highlights a major gap in our understand-
ing about capability building in latecomer
software sectors. Despite the recognition
that capabilities are of critical importance
for the development of latecomer software
activities, a framework for analysing system-
atically the software technological capability
and its component elements and the specif-
ics of investigating software technological
capability are still absent.

The following section attempts to fill the
gaps and complete the research begun by

the authors discussed above, with particu-
lar focus on the analysis of accumulation
of software technological capabilities in the
latecomers.

SPECIFICS IN ANALYSING
TECHNOLOGICAL CAPABILITIES IN
LATECOMER SOFTWARE INDUSTRIES

To have the capacity to investigate software
technological capability the analysis has to
incorporate the main ideas in the field of
technological capabilitybuilding.’ Therefore,
it has to investigate both the level of techno-
logical sophistication of innovation capabili-
ties, which the latecomer companies have
managed to develop, and the underlying
capabilities. It also has to take into account
the specifics of technological development
in the latecomer context and the specifics
in analysing the development of latecomer
software development activities. This paper
discusses the specifics of analysing techno-
logical capabilities in latecomer software
industries: it focuses on the latter two points
and touches upon the former two.

Exploring the technological capabilities
in a latecomer software industry presents a
challenge. So far, studies analysing the pro-
cess of technological capabilities have been
predominantly focused on the industrial
sectors, studying the development of the
electronics industry (Gee and Kuo, 1998;
Hobday, 1995b; Kim, 1997b; Mytelka and
Ernst, 1998), textiles (Gee and Kuo, 1998;
Lall, 1987), steel industry (Figueiredo, 2001;
Lall, 1987), telecommunications (Marcelle,
2004), and so forth. As the predominant
part of the studies have been directed at
exploring technological capabilities in
industrial sectors, the analytical framework
developed in the field so far reflects the spe-
cifics of the industrial sector as contrasted
with the service sector and, additionally,
specific features of industrial activities such
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as photolithography in the context of elec-
tronic integrated circuits. A study investigat-
ing technological capabilities in a latecomer
software industry needs to take into account
the specifics of the software industry, which
are discussed below.

This research identifies two major features
that are particularly relevant in analysing
the accumulation of technological capabili-
ties in latecomer software companies. These
are, in particular,

1 degree of innovativeness

2 breadth and depth of technological
capabilities.

First, the degree of innovativeness inbuilt
in software technological capability may
vary. As noted earlier software production
is inherently an innovation activity (Torrisi,
1998). However, it must be underlined that
the degree of innovativeness and the signifi-
cance of novelty, which governs the extent of
innovation capability needed, varies among
different software projects, and this holds
both for advanced and latecomer software
companies. Software services involve certain
innovative components, as they include inno-
vativeness of design arising from the unique
qualities of every software ‘expression’. But
even within software services the degree of
innovativeness varies. Software services, such
as re-coding legacy applications into more
modern computer languages, data migration,
or resolution of specific incompatibilities
among similar systems, for example, involve
a relatively small innovative component com-
pared to software services associated with re-
design. Creating software products involves
an even greater, and often more significant
innovative, component than software ser-
vices, as it is associated with creating ‘best of
breed’ software products and is comparable
to frontier technological developments in
that domain, which requires a high level of

innovative capability. Therefore, develop-
ment of software products represents the
highest level of technological sophistication,
while software services involve innovative
component, which is lesser compared to soft-
ware products and varies further according
to the nature of software services. Hence it is
important to consider the degree of innova-
tiveness inbuilt in software production.

Before differentiating the degree of inno-
vativeness in latecomer software production
further, we should clarify what we mean
by innovativeness. Innovativeness is usu-
ally measured with reference to novelty in
the world market. Based on this logic, only
products that are successful in international
markets have high levels of innovativeness.
However, a latecomer company may develop
a product in the domestic market that targets
local customers’ needs and is innovative.
Furthermore, innovativeness is also associ-
ated with the commercial value produced. It
is generally believed that commercialisation
in the international market has the potential
to reap higher profits than commercialisa-
tion in the domestic market. But this may
not always hold. For example, a company
may attain greater commercial value by cre-
ating an innovative product that meets the
needs of a large number of customers in the
domestic market (e.g., payroll and tax record
keeping systems reflecting local regulations)
compared with a company that develops a
niche product for a limited number of cus-
tomers in the international markets. This
duality creates problems in assessing innova-
tiveness inbuilt in the software production.
As the latecomer markets are usually less
sophisticated compared to the international
markets (unless the former are dominated
by MNEs), we can assume that products and
services offered by latecomer software com-
panies in the domestic market are with less
technologically sophisticated compared to
products and services offered by latecomer
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Source: Adapted from Grundey and Heeks (1998)

software companies in the international
markets; nevertheless, the analysis need to
investigate the level of technological sophis-
tication and the degree of innovativeness
of the products and services offered in the
domestic market.

In analysing the software activities under-
taken by latecomer companies it is important
to consider the degree of innovativeness they
encompass and the degree of sophistication
of innovation capabilities deployed. When
studying the degree of innovative efforts
associated with producing particular soft-
ware products or services, it is necessary to
distinguish between minor, moderate and
major innovation, which, respectively, are
associated with the capabilities for minor,
moderate and major innovation. This can
be viewed as the “software development
technological ladder”.

This distinction follows the classifica-
tion of the software technological capability

Software technological capability — software development technological ladder

developed by Grundey and Heeks (1998)
and corresponds to the activities classified
in levels five to seven in their classification
(Figure 1 in the Appendix). Simple software
production, i.e., software activities such as cre-
ating a new set of interfaces, data migration,
creating small utility programs and/or modi-
fying existing programs to meet user needs,
involves a small innovative component and
signals the existence of capabilities for minor
innovation. Software redesign activities, such
as redesigning a program to meet local user
or regional/global user needs (i.e., customisa-
tion and/or localisation), and minor process
change(i.e.,modifyingthesoftware production
process), demonstrates the indicate capabili-
ties for moderate innovation. Skilled software
production activities, such as local product
innovation (i.e., developing a new program to
meet local user needs), international product
innovation (i.e., developing a new program
to meet regional/global user needs), major
process change (i.e., redesigning the software
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production process), and process innovation
(i.e., designing a completely new software
production process) suggest the capabilities
for major innovation. The classification of
the technological sophistication of the soft-
ware development activities in Figure 1, i.e.,
the software technological capability or the
software development technological ladder,
in minor, moderate and major categories
reflects the basic, intermediate and advanced
categories in the framework of technological
capability.

A proportion of activities such as
re-coding, data migration, resolving incom-
patibility, etc., can be expected to account
for a significant share of the software ser-
vices offered by latecomer companies. On
the other hand, the presence of more inno-
vative activities, such as the creation of pack-
ages or sophisticated customised services,
despite their small share in latecomer soft-
ware developments, signals the existence of
potentially significant innovation capabili-
ties in latecomers. For example, if many late-
comer software development activities are
directed at offering services in the domestic
markets and there is also a growing share
of outsourced services for international
markets, this indicates the existence of capa-
bilities for minor and, eventually, moderate
innovation; India has specialised in offer-
ing software services in the international
market and, if we apply the classification of
the degree of innovativeness to the range of
software development activities that Indian
software companies offer according to the
literature (Arora et al., 2001; Athreye, 2005;
Desai, 2005), this reveals the existence of
capabilities for minor, moderate and, in a
limited number of cases, major innovation.
China and Brazil have developed software
products and services for their domestic
markets (Behrens, 2005; Botelho et al.,
2005; Saxenian and Quan, 2005; Tschang
and Xue, 2005), which suggest capabilities

for moderate and major innovation.
Further, in-depth case study and compari-
son-based analyses are needed to reveal the
achievements and problems involved in the
development of technological capabilities
in the latecomers. These should be done
by comparing companies within a single
country and comparing companies in diff-
erent countries, to capture company - and

context-specific issues.

The second specific for analysing tech-
nological capabilities in latecomer software
companies, concerns the breadth and depth
of capabilities. The discussion about degree
of innovativeness inbuilt into software
technological capability implies breadth
and depth of the technological capabil-
ity. Capabilities develop sequentially and
higher technological sophistication usually
entails deeper (i.e., more sophisticated)
capabilities and a wider range of (i.e.,
broader) capabilities, as highlighted in tech-
nological capability building literature.

Provided that the nature of innovation is
similar across sectors, the capabilities litera-
ture suggests that major innovation requires
the execution of a greater variety of, and also
more complex, software development activi-
ties compared to the capabilities required for
moderate and minor innovation. For exam-
ple, creating a product innovation involves
broader and far more complex capabilities
than software redesign or simple software
production. Similarly, capabilities for mod-
erate innovation entail a wider variety and
more complex software activities compared
to the capabilities required for minor inno-
vation. Thus, software redesign (e.g., rede-
signing a program to meet local or global
user needs or minor process change), for
example, requires greater capabilities than
the simple software production of new inter-
faces, small utility programs or programs for
data migration, or modifications to existing
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programs, etc. Therefore, a higher degree

of innovativeness entails broader and
more complex capabilities, i.e., the breadth
and depth of capabilities increases with

innovativeness.

CONCLUSIONS AND DIRECTIONS
FOR FURTHER RESEARCH

Despite the recent burgeoning research on
development of latecomer software indus-
tries, critical questions remain unanswered.
Based on a critical literature review, this
paper argues that studies are yet to scrutinise
the exact nature and extent of the capabili-
ties which the latecomer companies have
been able to develop. The main proposition
advanced by this research is that if they are
to assess the latecomer software develop-
ment activities, the studies need to inves-
tigate the technological capabilities which
the latecomer companies have been able
to accumulate. This study outlines the spe-
cifics in analysing technological capabilities
in latecomer software industries and thus
improves our understanding about the com-
plexity in developing software industries
in latecomer context. The current enquiry
lays the foundations of the analysis of tech-
nological capabilities in latecomer software
industries and it will be further coupled
with a separate paper disentangling a wide
array of capabilities, which the latecomer
software companies need to muster to be
able to develop software activities based
on indigenous resources (Rousseva, 2007).
These two papers provide examples to
support the ideas they develop. Nevertheless,
further in-depth, case study and compari-
son-based analyses are needed to reveal the
achievements and problems in the develop-
ment of technological capabilities in late-
comer software companies. These should
be done by comparing different companies
in one country and comparing companies

in different countries to capture both com-
pany- and context-specific issues.
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NOTES

It should be noted that the degree of innova-
tiveness inbuilt in software production varies
and this point is explicitly discussed in outlin-
ing the specifics involved in analysing software

technological capability (Section 5).

~

Studies of technological development in late-
comers reveal that to be able to develop innova-
tion capabilities the latecomers have to engage
in a deliberate effort of technological capability
building. It is not impossible that a brilliant

3

software solution might be developed by a ‘lone
inventor’, but this is more likely in advanced-
context companies than latecomers. Studies on
technological capabilities in latecomer software
companies are limited, and no such cases have
been identified.

The current enquiry adopts the following
main propositions from the literature on
technological capability building:

¢ latecomer technological development has
specific features

e every sector has sector-specific features and
trajectories of technological development

e technological capability is comprised of a
wide array of component capabilities and
expertise

e technological capabilities develop gradually
by passing through subsequent stages of
increase in technological sophistication of
the accumulated capabilities

e analyses have to investigate both the level of
technological sophistication of the techno-
logical capabilities (e.g., basic, intermediate,
advanced), and the underlying component
elements

¢ the accumulation of technological capability
requires accumulation of technological and
organisational capabilities

¢ learning and capability development efforts
in the company are a major driver for innova-

tion and technological upgrade.





