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Abstract

Both the Indian and Chinese software indudtries are large and fast-growing, but the
Indian indudry is internationdly competitive while the Chinese industry is domegtic. In
contrast, the Chinese hardware industry is large, fast-growing, and internationdly
competitive while the Indian hardware indudry is none of these. In this sudy we ask:
What ae the differences between Indian and Chinese software firms? What are the
differences between Chinese and Indian hardware firms? Using new survey data from
319 firms in India and China, we offer a multivariate explanation of which among many
fiim levd varigbless maket levd varidbles and busness environment variables
differentiate the two countries firms in each industry. Our results suggest that Indian
software firms have an advantage over Chinese software firms on severd factors that are
important to  software development for international markets, such as more skilled
workforces, and that Chinese hardware firms have an advantage over Indian hardware
firms on factors that ae important for hardware manufecturing, such as physicd
infrastructre.  Other variables such as the role of nonresdents, contrary to popular

bdief, do not differentiate the firms.
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Software and Hardwarein India and China:
How the Firms Differ

The Indian software industry is wdl known worldwide. Its export growth rate
throughout the 1990s exceeded 45 percent per year. Chinese software, however, is
scarcely noticed internationdly. In contrast, the Chinese hardware industry is large, fast
growing, and export-competitive, whereas Indian hardware is a smdl industry and
unknown outside India The contrast raises questions about why these two large Asan
neighbor countries show such an opposite pattern of industrid development. In particular,
the question we ak is  What is it about Indian software firms that digtinguishes them
from Chinee software firms? What are the differences between Chinese and Indian
hardware firms?

Softwar e and Har dwar e Industry Profilesin India and China

We use software and hardware as short hand to describe industries within the
information technology (IT) sector. Software includes software products and services and
IT-enabled services (or business process outsourcing). Hardware includes computers,
peripheras, telecommunications equipment, and industrid €ectronic components, but
excludes consumer eectronics such astelevisons.

Indian software services and products was a sizable $16.5 billion industry in 2003
04, and it grew at a fast compound annua growth rate of 40 percent for the long span of
years from 1990 to 2003. What & not as well known is the fact that the Chinese software
indugtry is larger, with aout $18 hillion in sdes revenue in 2003, and it was nearly as

fast-growing over this period! While the two countries software industries are similar in

! See Table 1 for data on the two countries’ software and hardware industries over time, and sources. The
industries are not defined identically in each country, and therefore our comparison is approxi mate.
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gze and growth rate, they differ dramaticaly in the markets they sarve mog Indian

software is exported (nearly 80% and risng) while most Chinese software is domesticaly
purchased (more than 90 percent). Furthermore, most Indian software is customized
software services (more than 90%) while Chinese software is much more oriented to
packaged products (more than 40% and possibly as much as two-thirds).

The hardware indudtries in each country dso have nearly opposte festures. In
China, hardware manufacturing was esimaed to be a very big $175 billion indugtry in
2003, and it was fast-growing — 39 percent compound annua growth rate from 1994-2003
— with an especidly big incresse in sdes revenue in 2003. In contrad, the Indian
hardware industry was $6.4 hillion in 2003 and had been growing a a 5.5 percent annud
rate. Exports account for about two-thirds of Chinese hardware sdes revenue, but only
20-30% of Indian hardware sales revenue.

Theory and Evidence

In this sudy, we andyze firms in two indudtries in two countries, and make two
comparisons.  Chinese software with Indian software and Chinese hardware with Indian
hardware.  Our objective is to discover which among many potentid variables
differentiate them. Since we know that on the whole, Indian software and Chinese
hardware firms have been peforming better in the internationa arena compared to Indian
hadware and Chinese software firms, by identifying the dggnificant varigbles that
differentiate these two sets, we will be able to recognize the factors that might have
contributed to the international success of Indian software and Chinese hardware,

To derive hypotheses about the varigbles that differentiate the two groups, we
make use of sandard models of industrid competitiveness with recent adaptations tailored

to high-technology industries. The growth and export success of software and hardware
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companies in emerging market economies such as India and China will be influenced by
the inputs they use, or ther factors of production, by the demand and competitive
conditions in the makets in which they paticipate, and by the busness macro-
environment in which they operate. We dassfy these varidbles into three groups. firm
level, market level and business environment variables,

Firm Leve Variables

Firm leve variables are those that are under the control of the firm’s management.

Labor. We are concerned with the supply of labor, its skill compostion, wages,
and productivity. Software development is labor- and skill-intensve. About 70% of the
cost dructure of a software company is accounted for by personnd-related costs (Khanna
& Paepu 2004), and professonas account for the largest share of the workforce. Firms
that have access to low-wage but high-skilled and productive labor should have a
compstitive advantage in export markets. India has a large supply of engineers and
scientists (Ramamurti & Kapur 2001), while China has fewer (Brizendine 2002, Tschang
2003, Tschang & Xue 2002). The productivity of Indian software professonds was
higher than that of their Chinese counterparts in one study early in the development of the
industry (Heeks 1996). Wage rate comparisons are difficult to make, especidly across
countries, because wages vary with the job level consdered, length of service region of
the country, and currency exchange rates and purchasing power parities, and the evidence
reported to date is mixed (Carmel 2003, Saxenian 2002, Hu, Lin, & Foster 2003).

The hardware indudtries in India and China are less labor- and kill-intensve than
the software indudries. Empirical evidence about labor inputs in Indian and Chinese
hardware is scarce and comes from consultants reports that clam that Indian

manufacturing in generd is characterized by low labor and total factor productivity
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(Accenture 2002), and that Indian dectronics manufacturing has lower vaue added per

worker than East Asan countries but aso low wages (dthough China was not in the
sudy)(Goswami & Dollar 2002). Chinese manufacturing firms, on the other hand, have
larger scde and more skilled and disciplined workers (Chandry & Shastry 2002), and
lower cost of manufacturing (Rajendran 2002).

In this study, we include variables for labor skill, productivity, and wages. We
expect Indian software firms to have higher-skill workforces and higher labor productivity
than Chinee software firms, but we expect Chinese hardware firms to have higher
productivity, higher wages, and more cgpitd intendty than Indian hardware firms.
Because findings from previous empirica literature are bivariate comparisons and our
andysisis multivariate, some of these hypotheses might not be supported.

Management. Indian software firms are usudly credited with better management
than Chinese <oftware firms, but the opposte has been sad for hardware firms.
Quditative judgments about the effectiveness of top management in software firms assert
that establishment of work processes and systems enables Indian firms to achieve quality
certifications and contributes to their success (Desai 2003, Commander 2003, Heeks
1999). A quantitative relationship was shown between project management capabilities
and profit contribution in one Indian software firm (Ehirg etd. 2004). Indian software
managers have been judged to be more capable than Chinese managers (Tschang 2003).
Entrepreneurid  orientation is clamed to be dronger in India than China (Huang &
Khanna 2003). In contragt, Indian manufacturing management has been criticized for
many wesknesses including excessve centrdization and hierarchy (Accenture 2002).

In our interviews with Indian software company managers, some suggested that

Indian professonds exhibit a tendency toward independence — to question rules and
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polices — and that this behavior is especidly well-suited to the needs of software

development, which benefits from creativity and initiative. This trait has not been damed
for Chinese software professionals?

We include in this study three indicators to address management differences. We
expect Indian software firms to be more entrepreneurid, to have professond employees
who are less willing to follow indructions without questioning them, and to be more
likely to have qudity certifications (the latter is dso atechnology indicator).

Technology. Although both software and hardware are consdered high
technology indudries, few Indian or Chinee firms are a technologicd frontiers. Two
dudies have agued that Indian software firms should spend more on technology
acquigtion (Patibandla & Petersen 2002, Saxenian 2002), and the former study showed
that Indian software companies that spent more on R&D and paid more technology fees
abroad had higher vadue added per worker. For hardware manufacturing, we see
conflicing dams about technology, incduding dudies that dam that Indian
manufacturing manegers give low priority to R&D and innovaion (Chandra & Shedtry
2002), that Chinese firms are less advanced than Indian firms because of few foreign firm
linkages with Chinese hardware firms (Tschang 2003), but that India ranks ahead of China
in technology sophigtication (Accenture 2002). R&D that is conducted by Chinese firms
may be mainly adaptive rather than innovative because of the needs of the loca market,
incdluding language.

In this study, we measure technology in firms both in terms of inputs such as

research and development spending, and outputs such as paent filings, royaty recepts,

2 Thistrait could stem from the low score for India on Hofstede' s uncertainty avoidance cultural dimension.
In contrast, China’ s national culture, for which uncertainty avoidance measures are usually not used, is
highly collectively oriented rather than individualistic (Hofstede 1990) and therefore should not enjoy the
same benefit for software development.
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and product innovation. We expect technology indicators to favor Chinese software and

hardware firms compared to ther Indian counterparts, except for software qudity
certifications.

Capital. Capitd is a samdl input in software companies, and its availability and
cost should not be decisve. For hardware manufacturing, plant and equipment can be
gzable inputs.  Previous dudies suggest that Indian companies face a higher cost of
capital than Chinese companies (Accenture 2002, Chandra & Shastry 2002, Spencer &
Sanyd 2002), but that access to capitd, especidly venture capita, is satisfactory in India
(Heeks & Nicholson 2002).

International Linkages. The reationships that a firm in an emerging market
economy has with foreign firms are likdy to contribute to its performance ether via
access to scarce inputs such as technology or access to markets abroad. Linkages between
locad and foreign firms occur in different modes for Indian and Chinese software firms.
Foreign ownership is found more frequently among Chinese software and hardware firms:
one-third of dl software firms in China are wholly or patly foreign-owned (Saxenian
2003), and perhaps one-fifth of Indian software firms ae mgority foreign-owned
(Commander 2003). Among the biggest 20 Indian software firms, only one was a
subsdiary or joint venture with a foreign company (NASSCOM 2004). In the hardware
industry, 33% of Chinese firms had some foreign ownership compared to 13% for Indian
firms (Hu & Sheng 2004). A different mode for internationa linkages is that of non
equity drategic dliances with foregn firms  Indian software firms have many of these
dliances with purposes ranging from inddlaion of a foreign firm's plafoom & a
customer’s Ste to co-equa software design and customer problemsolving (Sddharthan &

Nollen 2004).
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Both India and China have a szable diaspora.  Chinese abroad are more numerous
and richer than non-resdent Indians (NRIs), but their role is different. Overseas Chinese
tended to be investors in export-oriented operations to Asan dedtinations (Huang &
Khanna 2003, Ramamurti & Kapur 2001) whereas NRIs n the US and UK tended to be
professionds.

We introduce indicators for dl three of these potentid internationd linkages, and
we expect Indian software firms to be different from Chinese software firms in terms of
more foreign dliances but less foreign ownership, and with a more important role for non
resdents. For hardware firms, we expect Chinese firms to show more foreign ownership.

Agglomeration.  Agglomeration or clustering geographicaly is associaied with
drength for knowledge-intensve industries because it faclitates the trandfer of tacit
knowledgee. =~ Among the 600 largest Indian software firms, 61% were located in
Bangdore, Dehi, or Mumba in 2002, and by including Chenna and Hyderabad, 81% of
dl these firms were accounted for (reported in Basant & Rani 2004). Chinese software
firms ae dso cludered, with 71% of dl firms located in Shangha, Guangdong, and
Beijing (Saxenian 2003). The difference in agglomeration between the two countries
appearsto be small.

Market Level Variables

Market level varidbles are characteristics of the product market that the firm faces
and the industry in which it competes.

Market Competitiveness. We expect firms to be gronger internationdly if the
markets in which they participate are more competitive and the firms are more rivarous.
Ore indicator is the sze didribution of firms in the indusry. The Indian software

industry is more concentrated than the Chinese software industry. The largest 25 Indian
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software firms had about two-thirds of the industry’s sdes revenue in 2002 wheress it

took 70 firms to account for haf of the Chinese software indudry’s saes revenue
(Tschang 2002). However, the four-firm concentration ratio in Indian software was il
only about 22% in 2003 (below the US industry average concentration retio of 36%
(Gilligan 2004)). There are atogether about 3,000 software firms in India but more than
5,000 in China, most of whom are very smdl with an average firm size of 25 employees
in 2001 compared to 174 employees in he average Indian software firm (Tschang & Xue
2002). While scale economies in software production are not important, it might sill be
the cae that many Chinese software firms are too smal to be effective internaiond
marketers in high vaue-added systems software (Correa 1996). From these studies, we
infer that the Chinese software industry dructure is different from that in India, and less
conducive to internationa competitiveness by its firms, while the Indian software industry
is not sufficiently concentrated to inhibit rivalry among firms.

In hardware manufacturing, some observers clam tha Indian competitiveness has
been hampered by protectionist internationa trade policies, tax policies that restrict trade
between dates, and smdl-scale st asdes that prevent scde economies from being
achieved (Accenture 2002), but there is no econometric evidence.

In this sudy, we seek to measure market competitiveness by the firm's pricing
power, the gross margins in the industry, and the ease of entry and concentration in the
industry.  We expect that Indian firms face more competitive markets. — Because
competition arises from foreign sources as well as domedticdly, we dso use indicators for
perceived thrests from imports and multinationa firms operating in the host country.

Business Environment Variables
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Busness environment variables are the infrastructure and inditutions within which
the firm operates, and the government policies that affect it.

Physical Infrastructure. Comparisons of the physca infrastructure — eectric
power, telecommunications, and trangportation — in India and China uniformly favor
China (Chandra & Shastry 2002, Spender & Sanya 2002, Mukherji 2002). Within India,
differences in totd factor productivity in manufecturing across Indian dates were
explaned in pat by differences in their physca infrastructure (Mitra et.d. 2002). The
infrastructure gap between the two countries is consequentid for hardware manufacturing
but perhaps not so much for software because software companies can overcome
problems with eectric power supply by building their own back-up supply (though at
extra cogt), and they can overcome internationd telecommunications problems via use of
sadlitelinks.

Institutional Infrastructure.  Indids financid and legd inditutions are better
regarded than China's (Huang & Khanna 2003, IFC/BAH 2003); these affect both
software and hardware indudtries.  The legd system is especidly important to software,
and this soft infragtructure is a weakness for China (Hu, Lin, & Fogter (2003). India's
educationd sysem that edtablished high quaity technicd inditutes long ago in the late
1960s, and the government’s thrust toward science-based research is regarded as one
explanation for the success of the Indian software industry (Heeks 1996, 1999, McDowell
1995, Miller 2001). At the same time, Chinas support for scientific research at date-
supported universties is cited as favoring the devdopment of Chinds hardware industry
(NASSCOM 2002, Tschang 2003).

Government Policies. Governments can influence an industry’s competitiveness

through its internationd trade and invesment policies, tax and subsidy policies,
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regulations, and support of both physica and inditutiond infragtructure. In the case of

India, the centrd government's policies were somewhat more favorable to the
development of the software industry than the hardware industry and they were export-
promoting snce entry was made free from licenang requirements earlier (beginning in
1984), import of hardware inputs was conditional on foreign exchange earnings from
exports (McDowell 1995, Correa 1996, Kraemer & Dedrick 2001), and net income from
export saes of software was taxed at a lower rate or not at dl, until 2005. However, the
effectiveness of some of these policies has been questioned (Heeks 1996, Saxenian 2002).
The Indian hardware industry was protected from foreign competition until 1991 by high
import tariffs, did not receve very much foreign technology transfer due to redtrictive
inward foreign direct investment policies, and could not achieve scae economies due to
the smal Sze of the domestic market (Saxenian 2002).

The Chinese government has dso supported its software industry by means of
export incentives, duty-free imports in export processng zones, and tax concessons (Sethi
2002, Hu, Lin, & Foster 2003, Saxenian 2002). Government regulatiions and corruption
ae edimated to be dightly worse in India than China; for example, Indian managers
goend more time deding with government regulations than Chinese managers (World
Bank 2004). This adverdty affects hardware manufacturing more severdly than software
services (Goswami & Dollar 2002).

We include severd varidbles in this study rdating to firms perceptions of the
effectiveness of the judicid sysem, which should favor Indian firms and difficulties they
face with infrastructure such as public trangport and power supply, which should favor

Chinee firms, We dso include severd vaidbles rdating to the impact of government
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policies that either promote or hinder the industry, such as tax concessions, marketing
support, trade and investment policies, and bureaucracy.
Analytical Methods

Our objective is to analyze two sets of differences. between Indian and Chinese
software firms, and between Indian and Chinese hardware firms.  We use logigstic
regressons because the dependent variable has values of one or zero. The survey data we
use offer a very large number of potentid explanatory variables, and it is not possible to
condder dl of them in the same equation. Therefore we classfy the explanatory variables
into three andyticdly didinct groups (A) firmleve variables that top managers control,
(B) market-levd variables, and (C) business environment variables that affect dl firms in
an industry.  We make inferences from each of the three equations on the assumption that
the three sets of variables are independent.
Data

The daa used in the empiricd andyss come from origind survey research
conducted by persond interviews in India and China for the Internationd Finance
Corporation. The sample size is 319 firms, of which 179 are software firms (119 in India
and 60 in China) and 140 are hardware firms (49 in India and 91 in Chinag). The sample of
firms in India was drawn from membership ligs of five industry associaions and an
annud trade publication’'s review of each industry. The Indian software industry consists
of a gndl number of medium- to large-Sze firms that account for most of the indudtry’s
revenue, plus a large number of very smdl firms® The sample design incduded dl the

medium-large firms and a random sample of the smdl firms. The response rae from

3 Firms with sales revenue of more than $50 million constitute only 1% of the number of firmsin the
industry but together have 90% of the industry’ s revenue, while 90% of the firms have sales revenue of less
than $3 million.
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software firms was 62%. A smilar sample design was followed for hardware, with a
planned smaller sample; the response rate was 30%. Interviews were conducted by the
Confederation of Indian Industry in Bangdore, Chennai, Delhi, Hyderabad, Mumbai, and
Pune. The Chinese sample was drawn randomly from a centrd government datigtica
report that identified the population of firms in Bejing and Guangzhou, to which we
added firms in Shangha based on loca interviewers knowledge of the industry. The
reponse rate was 30%. Interviews were conducted by the Renmin Universty survey
research unit. Characteristics of the sample firms are shown in Table 1.

The sample is broadly representative of the software indudtries in each country in
teems of man line of busness except that the Indian sample dightly over-represents
software products firms (we control for products versus services in the regression
andyss). The hardware sample for China represents the industry’s main lines of business
while the Indian hardwae sample is somewha over-weighted by peripherds
manufacturers.  In terms of firm gze, the Chinese software firms in the sample represent
the gze didribution of firms in the indudry, whereas the Indian software sample includes
more than 90% of the indudtry’s totd sades revenue (median firm dze in the sample is
accordingly larger than the indudry’s median firm gze). If firm Sze is measured by
employment, we find smilar results Chinese software firms in the sample come dose to
industry medians while Indian software firms in the sample are larger than the median br
the indusry. The sample of hardware firms in both China and India has a larger average
and median firm sze both in terms of sdes revenue and employment than the firms in the
indugtries.

Empirical Models

We define the variables for the three equations for both software and hardware below:
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A. Firm Level Equation

Labor ill, Productivity, and Wages

Labor productivity — output/employment, $worker

Entry leved qudification for professonds — minimum education for employment (4 =
postgraduate degree, 3 = undergraduate degree, 2 = senior secondary school, 1 = no
minimum)

Professond employment — professona employment/total employment

Starting wage for professionds, $ per month

Entrepreneurid  orientation — 5-point scale congding of three questions about top
manager’s perception of the company’s emphasis on new processes, experimentation and
dternative gpproaches to problem solving, and inclinaion to take on risky projects. This
scale applies to software firms only®.

Agglomeration — 5-point scae conssting of two questions about the importance of the
firm's geographic location for <killed labor avalability and knowledge sharing for
employees

Follow indructions — manager's judgment whether professond employees follow
indructions when they do not fully agree (vadue = 1) or whether they have to be convinced
or it depends on the character of the ingtruction (value = 0)
Technology Variables

Patent filing abroad — binary variable with vadue = 1 if the company filed for any

patents

abroad in the last three years or vaue = 2 if no patents were filed.

* Entrepreneurial orientation is hypothesized to be important for software but not hardware firms, and a
factor analysis of the five questions that potentially make up the scale does not produce satisfactory results
for hardware.
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Royadlties or technology fees received from abroad — binay vaiadle with vdue = 1 if

the
company recaived roydties or technology fees in the last three years or value = 2 if no
receipts

R& D expendituresin 2002 in % of total costs

Innovation — number of new products or processes introduced in the last year

Qudity — binary varidble with vaue = 1 if the firm has ISO or CMM SEI certificates
(the latter gpplies to software firms only) and vaue = 0 if not
International Linkages

Foreign nonequity draegic dliances — number of foregn nonequity drategic
dliances.

Foreign ownership — share of foreign equity holding in total equity, %

Importance of nonresdents role — 5-point scae with four questions about possible
benefits (access to capital, management practices, markets, and technology), with values
ranging from 5 = very important to 1 = no benefit for each of the four possble benefits
Control Variables

Software services firm - binary variable with vaue = 1 for software service firms and
vaue = 0 for software products firms

Capitd intengty — fixed assets/employment.

Firm Sze — sdles revenue in 2002
Market Level Equation

Pricing power. — manager’ s perception of customers reactions to a 10% price increase

where 1 = do not accept and 5 = accept willingly
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Entry into the industry — 5-point scale where 1 = very easy entry and 5 = very hard

entry

Industry concentration — manager’s report of the sze didribution of firms in the
industry, where 1 = many amdl firmsand 5 = few big firms

Import threat. — manager’s perception of competitive threst from imports into the
firm’'s market where 1 = no threat and 5 = big thresat

FDI threat. — manager’s perception of competitive threat from foreign firms producing
in the host country where 1 = no threat and 5 = big threst.

Gross margins — manager’s perception of Sze of gross margins compared to the
average for dl indudtries in the home country where 1 = lower and 5 = higher
Business Environment Equation
Institutions and Infrastructure

Judicid sysem — confidence in the judicia sysem to enforce contract and property
rights measured in afive-point scale wherel = no confidence and 5 = full confidence.

Public trangport — seriousness of problem from public transportation failure where 1 =
no problem and 5 = serious problem

Power cuts — seriousness of problem from power cuts or surges from the public grid
where 1 = no problem and 5 = serious problem

Own power supply — binary variable where 1 = firm has its own facilties and 2 = does
not
Impact of Government Policies

These varidbles are measured on a 5-point scae where 1 = little impact and 5 = great

impact.
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Policies to Promote Company Growth

Provision of infrastructure

Tax concessions.

Marketing support

R & D Support, hdp in accessing technology.

Liberaized import policies
Policies that Hinder Company Growth

Trave redtrictions, visaregulations.

Bureaucracy and paperwork requirements

Decreasing protection from imports.

High import tariffs and import restrictions

Empirical Reaults
We firg present the andlyses of differences between Chinese and Indian software
firms in Table 2, coumn 1. Pand A contans the firmlevel andyss Pand B has the
market level andyss, and Pand C presents the busness environment andyss. The
dependent varidble in dl equations is binary, indicating that the firm is Chinese (vaue =
1) or Indian (vdue = 0). The coefficients are maximum likelihood estimates from logigtic
regressions.
Differences Between I ndian and Chinese Software Firms
Indian software firms are predominantly software services firms (76% of the firms

in our sample) while more Chinee software firms are products firms (only 22% are
sarvices firms).  This variable, entered as a control dummy varidble, separates firms from

the two countries in the multivariate anadlyss, and permits results from the other potentid
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explanatory variables to be interpreted without resort to the products-services difference
between the firms in the two countries. The results for the other variables confirm some
popular beiefs about the Indian software industry, and refute others.

Labor. The labor forces in Indian software firms differ from those in Chinese
software firms. Indian firms have more <killed workforces.  They employ more
professonds and demand higher entry leved educationd qudifications from them. In
addition, Indian professonds display grester independence. Fewer than eight percent of
Indian managers report that therr professond employees follow indructions even if they
do naot fully agree with them, whereas more than 37 percent of Chinese managers say ther
professond employees follow indructions without regard to the dStuation and without
needing to be convinced. This difference, thought to be important to the creative process
in software production, differentiates firms from the two countries. However, Indian labor
productivity lags behind that of the Chinese firms®

Two other aspects of labor force behavior that are widely thought © be important
do not matter in our multivariatle andyss. Fird, Indian software firms are not more
entrepreneuria than Chinese software firms, according to managers reports.  Second, the
presumed benefits of agglomeraion — avalability of skilled labor and informa knowledge
shaing among employees — are more important to Chinese than they are to Indian
software firms.  Chinese software firms appear to be as clustered if not more so than
Indian software firms.  Alternatively, the grester export business of Indian firms and the
prevalence of ondte workers a the customer’s place of busness might diminish the

redlized bendfits of clustering in the home country location.

® We also used value added by labor (cal culated as |abor cost plus profit) in the equation as an alternative to
labor productivity, and found the same result.
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Technology. Chinese software firms are more engaged in technology than Indian
firms. Chinese firms spend more on research and development and they introduce more
new products and processes. Until recently, Indian software firms participated mainly in
the less technologicaly advanced segments of the customized software business such as
programming, testing, and maintenance, for which R&D and product or process
innovation was scarcely necessary.  However, higher R & D spending by the Chinese
firms hasn't resulted in superior export performance, perhaps because Chinese R&D
expenditures are adaptive raher than innovative, devoted to adapting English language
programs to the Chinese language, which is an expense that Indian firms do not need to
incur.

Qudity certification differentiates Indian from Chinese software firms.  More
Indian firms have Capability Maturity Moded (CMM SEI) certifications, and those that do
have more of them a higher levds To possess this qudity award that is unique to
software is a podgtive reflection on the management of Indian software firms, it is not aly
aresult of technology activity.

International Linkages. Indian firms have more non-equity drategic dliances with
foreign firms than ther Chinese counterparts, which is conggent with their dominant
export busness. The magnitude and srength of this difference (60 percent of Indian
software firms have such dliances while only 12 percent of Chinese firms have them)
suggests a crucid role played by these dliances in the growth of the Indian firms.
(Foreign equity ownership may be grester among software firms in China than in India)
The role of nonresidents has often been cited as important to the success of Indian

software firms in export markets.  However, in our multivariatle andyss with other
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potentid differences accounted for, the role of non-resdents does not distinguish Indian

from Chinese software firms.

Firm sze is not a differentiator between the countries firms when other varigbles
are accounted for.

Market Competitiveness. Our results suggest that Indian firms face a more
competitive market than Chinese firms.  Cugtomers of Indian software firms, most of
whom are foreign in contrast to the mainly domestic cusomers of Chinese software firms,
accept price increases less willingly.  Entry into the Indian industry is easer, acording to
top managers.  Indian firms operate in internationd markets while Chinese firms mainly
serve their domestic market, and accordingly Chinese firms managers fed a grester threat
from imports. The difference in the sze didribution of firms between China and India
does not differentiate the countries in the multivariate analyss.

Infrastructure and Institutions. Although physicd infrastructure is reported by
Indian software managers to be a greater problem than it is for Chinese managers, it is not
a factor that distinguishes one set of firms from the other. The reason appears to be that
mog Indian firms — 87 percent of them — have solved the chief problem, which is dectric
power cuts or surges from the public grid, by ingdling ther own fadilities (only 23
percent of Chinee software firms have ther own power plants). This is a dgnificant
differentiator between Indian and Chinese software firms. Contrary to popular belief, the
ability of the judicid system to protect the contract and property rights of companies is not
different between Indian and Chinese software firms, according to their top managers.

Government Policies. Government provison of infrastructure has a greater impact
on Indian than Chinee software firms, which might be due to the greater severity of the

infrastructure problem in India  In addition, government import policy liberdizations
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have a greater impact on Indian software firms, they dlowed Indian firms to import the

hardware with little or no cusoms duties that was necessary to produce software for
export markets. In contrast, government efforts to support marketing have a greater
impact on Chinese firms. Other government policies tha ae widdy discussed as
promoting the development of software industries, especidly rdief from corporate income
tax, are regarded by managers both in India and China as having substantia impact, but
the difference between the two countries is smal and does not differentiate their software
industries.

Some government actions hinder software industry growth, and they adversdy
affect the Indian firms more than the Chinese. Indian managers report a grester negetive
impact from government bureaucracy and paperwork, and they report a more adverse
impact from travel redrictions and visa regulaions, which are imposed by the US
government, and which affect Indian managers more than Chinese managers because of
the sizable export business of the Indian companies.

Summary of Main Differences. If we synthesze reaults from the three software
equations, we can suggest in a few words the key differences between Indian and Chinese
firms.  Indian software firms have more skilled workforces that are culturdly suited to
software development, and better management. They are more able to get qudlity
catifications and dliances with foreign firms, despite less technology activity than
Chinee firms. They operate in a more compeiitive industry and are accustomed to
internationd  markets.  Although they face more serious infrastructure weaknesses and
hindrances from government, they are able to overcome them. We can dso suggest what

does not differentiate Indian from Chinese software firms, contray to popular belief.
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Nonresdents do not meke a difference, nor does agglomeration favor Indian firms.
Neither the judicia system nor government tax concessions work in their favor.
Differences Between Indian and Chinese Hardware Firms

We present results from the logigic regresson andyss of Indian and Chinese
hardware firms in Table 2, column 2. The dependent variable is again the country of the
firm, with value = 1 for Chinaand value = O for India

Labor. Chinese hardware firms differ from Indian hardware firms and exceed
them in some labor- and management-related aspects.  Firs, Chinese professond
employees exhibit more independence of action — their managers report they are less
likdy to follow indructions without questioning them and it is more likdy that ther
response depends on the situation.® Second, more Chinese hardware firms have qudlity
(1SO) certificates. Both these results are the opposite of the results for software firms.
They suggest that both more independent professonas and more qudity achievements are
associaed with the more internationaly successful industry without regard to the country.
Third, the advantages of geographic clustering for labor supply and knowledge sharing are
more important for Chinese than Indian hardware firms, as was dso true for software
firms.

Otherwise, Chinese hardware firms do not have higher labor productivity than
Indian hardware firms, contrary to our expectaions.  Professond employment in
haraware firms is less than in software firms, and this labor varigble does not differentiate

between Chinese and Indian hardware firms, unlike the case for software firms.  Entry

® The argument that manufacturing success depends on an obedient and disciplined workforce might still
hold for Chinese hardware firms; we refer to independence among professionals rather than production
workers.
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level educationd qudifications for professonds ae higher in the Indian firms, as in the

software indudiry.

Capitd intensty does not contribute to an explanation of differences between
Chinese and Indian hardware firms.

Technology.  Technology eactivity does not differentiste Chinese from Indian
hardware firms, unlike the results for software firms.

International Linkages. Chinese hardware firms have fewer foreign non-equity
dgraegic dliances than Indian firms despite the Chinese firms grester export intensty.
No other internationd linkages explain differences between these firms — neither foreign
ownership nor the influence of non-residents abroad.

In our sample, Chinese hardware firms are not larger in terms of sdes revenue than
Indian hardware firms, but in the multivariae andyss firm dze is a dgnificant
differentiator between the countries firms, and larger firm sze is associated with Chinese
firms.

Market Competitiveness. Indian hardware firms face a more competitive market
than Chinese hardware firms, according to the perceptions of top managers, which was
ds true for software firms. Indian managers believe that their cusomers are less
accepting of price increases and that entry into the industry is eeser. However, Chinese
hardware firms are more threstened by foreign firms, both from imports and from foreign
firms operating in their home market. These outcomes might occur because of the pattern
of internationd busness in the hardware indudries in the two countriess  Chinese
hardware firms in our sample are more export oriented than Indian hardware firms, but
their domestic business outweighs thelr export busness. If Chinese hardware firms are

less protected by import tariffs than Indian hardware firms they would fed more
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threatened by imports than Indian firms. In addition, foreign ownership of hardware firms

is greater in our China sample than in our India sample, and Chinese hardware firms
accordingly might fed more strongly the compstitive threat of foreign firms operding in
their home market.

Infrastructure and Institutions.  One dement of physcd infrastructure — public
transport fallures — is a more serious problem for Indian than Chinese hardware firms
Electric power problems in India are overcome by firms inddling ther own facilities as
was the case for oftware firms. The effectiveness of the judicid system does not differ
between the two countries, according to managers beiefs.

Government Policies. The impact of government policies to promote indudtrid
growth differentiate Chinese from Indian hardware firms in two ways. Indian firms see a
greater impact from government provison of infrastructure, and Chinese firms see a
greater impact from marketing support. These results are the same as we obtained for
software firms.  In addition, Chinese hardware firms perceve a greater impact from
government support of R&D and access to technology. Tax concessons offered by
governments do not differentiate the two countries hardware indudtries.

Two government actions that hinder the growth of the hardware industry differ
between China and India  Indian managers percelve greater adverse impact from
government bureaucracy than Chinese manegers, as was the case for software firms. High
import tariffs and import redrictions have a grester adverse impact on Indian than on
Chinese hardware firms.  This difference might be due to the prevaence of assembly
operations that use imported components among Indian hardware firms.

Summary of Main Differences. Chinese hardware firms have severa advantages

over Indian hadware firms.  They have professona workforces that are more
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independent and that achieve more qudity cetificaions, and they benefit more from

agglomeration.  Larger firm dze diginguishes them from Indian hardware firms.  They
benefit more from government actions, notably marketing and R&D support, and they are
hindered less by inferior infrastructure, which is especidly criticd to hardware
manufacturing, and have less need to incur the costs of building their own power supply.

They suffer less from government bureaucracy. On the other hand, Chinese hardware
firms surprisngly do not exceed Indian firms in labor productivity or in technology
activity, and there is no difference in benefit from tax concessons or the effectiveness of
the judicid system, as was dso true for software firms.

Conclusions

Both the Indian and Chinese software indudtries are large and fast growing, but the
Indian industry is an export oriented industry that produces manly software services
while the Chinese software industry is domedticdly oriented and makes more products
than services. In contrast, the Indian hardware industry is smdl, dow growing, and
mogtly domedtic in its sdles whereas the Chinese hardware indudry is very large, fast
growing, and export oriented.

Indian software firms have an advantage over Chinee software firms on severd
factors that are important to software development for international markets. The Indian
firms have more silled professona workforces whose behaviors are adapted to software
production. More Indian firms have achieved qudity certifications They have more
foredgn nontequity drategic dliances.  Ther industry is more competitive.  Although
infradructure is inferior in India this dissdvantage is not decisve because some
infrastructure is not critical to software production and that which is can be built-around

or supplied by government in specia technology parks. The factors that differentiate
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Indian from Chinese software firms are those that are important to internationd business

SUCCESS.

In the hardware industry, Chinese firms exhibit some of the same characterigtics as
Indian software firms. These vaidbles differentiste the firms both in the two countries
software and hardware indudtries, acting as mirror images. Chinese hardware firms have
more qudity certifications just as more Indian software firms do. Chinese hardware
professionas act more independently just as Indian software professonds do. Both these
features are associated with the more internationaly competitive industry.

Other variables favor ether one country or the other consstently across both
indudries, but they have opposte effects for internationad growth in the software versus
hardware indudries.  Physicd infragtructure, which is better in China than in India, is
important to hardware manufacturing, and it differentiates the larger and faster growing
Chinese hardware firms from their smdler and dower growing Indian counterparts. Both
Chinese hardware and software firms have less skilled professonds than Indian firms, but
professond employment is less important in hardware than it is in software, and this
differentiation for hardware is not criticd. Chinese hardware firms, like Chinese software
firms, have fewer foregn nonequity drategic dliances, but these dliances are less
necessary in hardware than in software.

Chinese hardware firms get greater benefit from government policies than Indian
hardware firms, even as they are hurt less by infrastructure wesknesses and government
bureaucracy. Chinese firms benefit from government marketing support and from R&D
support and access to technology, neither of which had as high an impact on Indian

hardware firms.
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Some varidbles do not differentiate either software or hardware firms in the two

countries, and others do not have the effects that are popularly believed. Non-residents,
thought to be more important to Indian than Chinese software companies, are not. Neither
the effectiveness of the judicid system nor tax concessons from government differentiate
dther country’s software or hardware firms.  Indian software firms do not have higher
labor productivity than Chinese software firms, and conversely Chinese hardware firms do
not have higher labor productivity than Indian hardware firms.

We suggest tha this andyss of the factors that differentiate Indian from Chinese
software and hardware firms will assg future research into the explanations for the

performance of these firms.
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Tablel

Vaues of Explanatory Variables for Software and Hardware Firms
in India and China Samples, 2002

Variables SOFTWARE HARDWARE
INDIA | CHINA INDIA | CHINA
FIRM LEVEL VARIABLES
Number of firms 118 59 49 89
Software services firms 76% 22% n.a n.a
(% of dl firms)
Labor productivity $25,567 $29,625 $46,900 $30,000
(median output/worker)
Wages: starting wage for professionas $315 $330 $137 $240
(median $/month)
SKill: entry level quaification for Prof/post- Dipl/under- | Dipl/under- | Dipl/under-
professionas (median) grad degree | grad degree | grad degree | grad degree
(017 yre) (13-16yr9) | (13-16yr9) | (13-16yr9)
SKill: professona employment/ tota 69.1% 29.2% 23.4% 18.2%
employment (median %)
Entrepreneuria orientation (mean of 3-item 11.2 111 n.a n.a
15 point scale)
Follow ingtructions (% who follow 7.6% 37.3% 27.1% 12.5%
ingtructions without questioning)
Agglomeration 7.5 8.9 7.2 8.1
(mean score of 10 point scale)
R&D expenditures 5.0% 22.5% 2.8% 6.0%
(median % of total cost)
Patent filing last three years 20% 33% 8% 45%
(% yes)
Royalties & technology fees received 7% 88% 98% 92%
(% yes)
Innovation: number of new products or 234 2.62 474 7.33
processes (mean)
Quiality: have CMM (software) or 1SO
(hardware) certificate
% yes 47% 7% 71% 87%
mean number (those with certificates) 2.1 1.0 1.3 1.3
Foreign ownership
mean steke, dl firms 23.5% 28.7% 15.4% 32.7%
% with some foreign ownership 58.2% 32.2% 36.8% 38.5%
% with 100% foreign ownership 10.2% 22.0% 8.2% 23.1%
Foreign non-equity strategic aliances
% with aliances 60% 12% 33% 22%
mean number (those with alliances) 6.9 4.9 54 57
Non-residents' role importance 6.2 2.3 2.3 2.6
(mean of 4-item 20 point scale)
Capitd intensity $9,450 $5,425 $3,325 $6,763
(fixed assetsemployment)
Firm sze $6,451,000 | $1,891,200 $7,140,000 $6,715,200
(median sdles revenuein 2002 in USD)
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MARKET LEVEL VARIABLES (means of scales)

Pricing power with customers (1=do not 248 3.25 2.02 2.60

accept, S=accept willingly)

Entry into the industry (1=very easy, 5=very 3.03 372 2.76 349

hard)

Industry concentration (1=many small firms, 2.96 2.67 271 297

5=few big firms)

Threat from imports (1=no threet, 5=big 1.98 4.28 2.89 4.38

threat)

Threat from foreign firms producing in home 3.02 331 294 397

market (1=no threat, 5=big threat)

Gross margins compared to other industries 364 3.16 2.35 2.80

(1=lower, 5=higher)

BUSINESS ENVIRONMENT VARIABLES

Infrastructure: power cuts (1=no problem, 312 192 3.16 2.60

5=mgjor problem)

Infrastructure; public transport failures (1=no 2.58 161 2.65 2.39

problem, 5=mgjor problem)

Infrastructure: have own electric power 87% 23% 82% 47%

facilties (% yes)

Ingtitutions: judicia system will enforce 348 353 292 3.46

rights (1=disagree, 5=agree)

Government policies to promote growth

(1=little impact, 5=great impact)
Tax concessons 4.04 3.56 4.00 3.72
Provision of infrastructure 3.79 2.97 3.92 3.31
Marketing support 2.63 371 204 3.65
R&D support, accessing technology 281 358 2.68 343
Liberaized import policies 351 144 3.71 2.79

Government policies that hinder growth

(1=little impact, 5=great impact)
Bureacracy, paperwork 3.62 250 4.04 2.76
Travel redtrictions, visa regulations 3.85 2.46 212 259
High import tariffs, import restrictions 3.20 2.02 3.82 2.63
Decreasing protection from imports 1.92 1.78 2.83 2.46

Source: IFC Survey
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Table 2. Differences Between Chinese and Indian Software and Hardware Firms
Dependent variable indicates country of the firm: India= 0, China= 1
logistic regression coefficients

A. FIRM-LEVEL VARIABLES

1 2

VARIABLE SOFTWARE FIRMS | HARDWRE FIRMS
Software servicesfirm -1.738** n.a
(1=services, O=products) 0.937
Labor productivity <0.000*** <0.000
(output/employment) <0.000 <0.000
Starting wage for professionals <0.000 0.005*
($ per month) <0.000 0.003
Entry level qudification professionals -5.434*** -4.796***
(4=postgraduate degree, 1=no min. requirements) 1537 1723
Professiona employment -4.555%* 1.903
(%) 2101 2.236
Entrepreneuria orientation -0.178 n.a
(scale of three questions) 0.216
Follow ingtructions when not fully agreed 3.823** -2.497***
(1=yes, O=cther) 1.306 0.882
Agglomeration (scale) 1.758*%** 0.478**

0.539 0.289
Quality certificates (SEI CMM for software, SO for -4.741%* 1.470**
hardware) (1=have, O=do not have) 2.360 0.605
R&D expenditures 0.055** -0.040
(% of total cost) 0.024 0.030
Filed for patents abroad in last 3 years -1.260 -2.065*
(1=yes, 2=no) 1.393 1.1510
Received royalties or fees from abroad 0.496 -1.126
(1=yes, 2=n0) 1341 1.836
Innovation 0.640** -0.058
(number of new products last year) 0.286 0.048
Capita intengty n.a <0.000
(capita/employment) <0.000
Foreign ownership (%) 0.026* 0.009

0.017 0.010
Importance of non-residents’ role -0.044 0.034
(5=very important, 1=no benefit) 0.077 0.006
Foreign non-equity strategic aliances -0.739*** -0.495**
(number) 0.290 0.221
Firmsze <0.000 <0.000***
(sales revenuein 2002, $million] <0.000 <0.000
Constant 5.153 15.286***

6.080 5.901
Number of observations 152 106
-2 log likdlihood 46.465*** 65.205%**




35

B. MARKET-LEVEL VARIABLES

1 2

VARIABLE SOFTWARE FIRMS | HARDWRE FIRMS
Software services -1.803*** n.a
(1=services, 2=other) 0.638
Pricing power: Customers' reaction to price increases 0.830*** 0.539**
(5=accept, 1=do not accept) 0.343 0.258
Price competition among firms: response to price 1.090*
increase (1=raise, O=not raise) 0.618
Ease of entry into the industry 0.983*** 0.478*
(5=hard, 1=easy) 0.408 0.260
Industry concentration -0431 -0.046
(5=few big firms, 1=many smdl firms) 0.366 0.252
Import threat 1.969*** 0.975***
(5=big, 1=smadll) 0.430 0.270
FDI threat: foreign firms producing home country -0.012 0.540**
(5=big, 1=smdl) [ -0.393 0.250
Gross margins compared to other industries -0.420 0.547*
(5=higher, 1=lower) 0.393 0.326
Congtant -9.660*** -0.187***

-2.755 1.762
Number of observations 161 136
- 2log likdihood 70.467*** 93.069***
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C. BUSINES ENVIRONMENT VARIABLES

1 2
VARIABLE SOFTWARE FIRMS | HARDWRE FIRMS
Software services -1.137* n.a
(1=services, O=cther) 0.698
Power cuts 0.258 -0.507
(5=magor problem, 1=no problem) 0.327 0.367
Public transport fallures -0.213 -.905**
(5=major problem, 1=no problem) 0.375 0.430
Have own power supply (1=yes, 2=no) 3.071*** 3.177***
0.860 1.192
Judicia system will enforce rights 0.459 0.695
(5=agree, 1=disagree) 0.416 0.445
Government actions to promote growth (5-point scales)
Tax concessions 0.595 0.037
0.404 0.484
Provision of infrastructure -0.818** -1.588**
0.358 0.679
Marketing support 0.744** 1.183***
0.319 0.362
R& D support, accessing technology 0.379 0.898**
0.305 0.428
Liberdized import policies -0.677%* 0.074
0.324 0.285
Government actions that hinder growth (5-point scales)
High import tariffs, import restrictions -0.017 -0.834**
0.429 0.378
Decreasing protection from imports 0.542 0.069
0.3%4 0.390
Bureaucracy, paperwork regquirements -0.732** -1.797%**
0.319 0.589
Trave restrictions, visa regulations -0.627** -0.216
0.309 0.314
Constant -4.416%* 1531
2.099 3.175
Number of observations 150 121
-2 log likdlihood 65.731

Standard errors below estimated coefficients. ***, ** * indicate statistical significance at the 0.01, 0.05,

and 0.10 levels respectively; n.a= not applicable




