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Abstract

Using a unique firm-level survey dataset collected by one of the authors, this paper
addresses two questions central to the literature on technology diffusion: What factors
influence technology adoption, and how well do firms absorb ‘new’ technology? We
find that firms with better access to cheap bank credit are more likely to adopt larger
technology projects and invest more in imported equipment from technically-advanced
countries. On the other hand, the return to technology investment differs significantly
across firms. Firms with better access to cheap credit have significantly lower project
profitability and capacity utilization. These results have important implications for

the role of financial development in technology diffusion.
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1. Introduction

It is well recognized that technology diffusion is an essential component of technological
progress and thus an important source of economic growth. Cross-country studies find strong
evidence that investment in technology-embodied equipment is significantly correlated with
economic growth for a wide range of countries (De Long and Summers 1991, Jones 1994,
Eaton and Kortum 2001). On the other hand, micro-level studies point out various factors
that affect technology diffusion, e.g., firm size, firm age, ownership types, market structure,
and regulatory restriction (Dunne 1994, Rose and Joskow 1990, Levin, Levin, and Meisel,
1987, Hannan and McDowell 1984, Cohen and Levin 1989).

However, most micro-level studies have focused on technology diffusion in developed
countries, especially the United States. Studies on developing countries at the firm level
are scarce. One notable exception is Vishwasrao and Bosshardt (2001). Since developing
countries have different institutions, technology, and endowments, we expect that the process
of technology diffusion would differ from that for developed countries. Yet not much is known
empirically about the factors affecting technology adoption by firms in the developing world
and the subsequent impact on firm performance. Given the strong link between technology
diffusion and economic growth, facilitating successful technology transfer is a central issue
for developing countries.

This paper examines technology adoption and absorption in China using a unique firm-
level survey dataset collected by one of the authors. This survey covers 250 randomly-
selected firms in Shanghai, the home of some of China’s most technologically advanced firms.

The survey provides us detailed information on each firm’s largest technology renovation



project (jishu kaifa xiangmu) that was carried out between 1985 and 1992. These technology
projects were for the express purpose of renovating or modernizing the production operations
of a firm. On average investment in equipment and new production facilities constituted
about 80 percent of the total project expenditure. In particular, expenditure on imported
equipment captured nearly 30 percent of the project budget. The survey also has rich
information on the firms and their market environment.

Our survey covers an important period of China’s economic reform. China began a
systematic effort to reform industrial enterprises in 1984. The government relaxed controls
over most product prices through the introduction of the dual-track system (Naughton 1995,
Lau, Qian, and Roland 2000). Firms that were largely controlled by the state were given
new autonomy. The objectives of these firms were gradually shifted to emphasize increasing
profits instead of fulfilling output quotas or other plan targets. However, economic reform
in the financial sector lagged behind. Lending by China’s state-owned banks was largely
administratively determined through the national credit plan (Lardy 1998, Brandt and Zhu
2000). Nearly 90 percent of all lending by the state-owned banks went to the state-owned
firms at real interest rates that were well below the opportunity cost of investment. In this
paper we will present evidence that distortions in the financial market generate distortions
in investment behavior of these state-owned firms and further affect their performance.

We first examine firm decisions about project size and investment in imported versus
domestic equipment. Project size and investment in imported equipment are closely linked
to technology advancement and competitive advantage in product markets. We find that
state-owned firms with better access to bank loans adopt significantly larger projects and

invest more in imported equipment. The estimates suggest that for state-owned firms, a



1 percentage point increase in the fraction of project expenditure that is financed through
bank loans is associated with a 1.38 percent increase in project size and 2.13 percent increase
in the expenditure on imported equipment. This result holds when we control for various
factors that may also affect technology adoption e.g., firm profitability (a proxy for internal
funds), firm size, firm age, human capital, physical capital intensity, sector and the year
when the project began.

We then evaluate the performance of technology project using project profitability and
capacity utilization rates. Project profitability is measured as a ratio of project gross profits
to project size. We find that state-owned firms with better access to bank loans have lower
project profitability and capacity utilization: a 1 percentage point increase in the share of
project expenditure that is financed through bank loans is related to a 2.30 percent decrease
in project profitability and a 0.26 percent decrease in capacity utilization rates. However, we
do not find a significantly negative correlation between bank loans and project profitability
or capacity utilization for other ownership types.

Therefore, although government support (mainly in the form of bank loans) can push
state-owned firms to adopt more advanced technology, the government may be unable to
solve easily the problem of technology absorption. In fact, pushing some state-owned en-
terprises to adopt more expensive and advanced technology can lower project performance
given the weak capabilities of these firms.

These results have important implications for the role of financial development in technol-
ogy diffusion. Only when resources are well allocated to match technology and firms can the
economy reap fully the benefits from increasing investment in technology-embodied equip-

ment. Otherwise, investment will only result in overcapacity with higher absorption costs



and lower profitability. Our results also provide empirical support for the theoretical liter-
ature that emphasizes the role of financial development in economic growth (Gerschenkron
1962, Greenwood and Jovanovic 1990, Acemoglu, Aghion and Zilibotti 2002, Levine 1997,
Rajan and Zingales 1998).

We also find that (1) firms with larger fixed assets and higher output prior to the project
adopt bigger projects; (2) more profitable firms invest more in imported equipment while
labor-intensive firms invest more in domestic equipment; (3) firms with higher physical
capital intensity and profitability prior to the project have higher project profitability; and
(4) project profitability and capacity utilization increase over the length of the project.
These results suggest that technical capacity and learning by doing also play certain roles in
technology diffusion. Thus, our results are also consistent with the studies that emphasize
the importance of technical capacity in technology transfer, e.g., Evenson and Westphal
(1995).

The paper is organized as follows. Section 2 describes the data, including an overview of
the firms in our sample, their operations and market environment, and technology projects.
Section 3 presents a simple theoretical model of firm investment decisions. Detailed empiri-
cal analysis is given in sections 4 and 5. Section 4 focuses on technology choices, i.e., project
size, and investment in imported and domestic equipment. Section 5 analyzes project per-
formance in terms of project profitability and capacity utilization. Section 6 draws the

conclusions.



2. The Data

2.1. The Survey

The survey was carried out by the Shanghai branch of the National Statistical Bureau on
our behalf in the fall of 1995 and spring of 1996. Altogether, 250 firms in Shanghai were ran-
domly selected and surveyed in five sectors — chemical, machinery, transportation, electrical
equipment and machinery, and electronic and telecommunication equipment industries. In
1993 these five sectors were the source of 40 percent of total industrial output in Shanghai,
and 30 percent nationally. Survey forms were reviewed on two separate occasions and sent
back to the firms for revision. After careful assessment, 2 firms were dropped from the
sample because of unsatisfactory forms, leaving us with a total of 248 firms, 124 of which
were state-owned enterprises, 74 collectively-owned enterprises, and 50 joint ventures.!
The survey itself was divided into four components. The first part provides basic in-
formation on the firm, including fixed assets, employment, profits, and output for 1987-93.
The second part contains data on wages, labor composition by education, and other per-
sonnel information. The third part was filled out by either the general manager or factory
manager of the firm and covers the firm’s operations and market environment. The final
part, which is the core of the survey, provides detailed information on each firm’s largest
technology renovation project (jishu kaifa ziangmu) that was carried out between 1985 and

1992. These technology projects were for the express purpose of renovating or moderniz-

LCollectively-owned enterprises are firms that were established, owned and managed by lower levels of
governments. In our sample, they include firms owned by the Shanghai government, as well as outlying
counties and townships that formally made up the municipality of Shanghai. Joint ventures are usually
formed by Chinese firms (state-owned or collectively-owned) and foreign partners. Provisions for multi-year
tax holidays and expanded autonomy for joint ventures provided state-owned and collectively-owned firm
managers additional incentives to find offshore investors and technology suppliers.



ing the production operations of a firm. Because firms were concerned about disclosing
‘proprietary’ information, we limited ourselves only to the projects carried out before 1993.

However, this provides us a minimum of two years of performance for each project.

2.2. Shanghai

Historically, Shanghai was the center of Chinese industry and the home of some of China’s
largest and best firms. In 1988, Shanghai firms were the source of 7.1 percent of the national
gross value of industrial output and 12.3 percent of the national industry profits. On average
Shanghai firms were larger, more capital intensive, experienced higher labor productivity
and had higher profitability (i.e., profits per fixed assets) than firms in the rest of China. In
addition, Shanghai has much higher concentration of state-owned enterprises. Nationally,
the share of gross value of industrial output produced by state-sector firms was 56.8 percent.
In Shanghai, however, the percentage was considerably higher, 70.5 percent. In turn, the
collective sector and non-state sectors were smaller in Shanghai.

Over the period of our study, Shanghai was also an important beneficiary of China’s
opening-up policy. Between 1988 and 1992 foreign capital flows into Shanghai totaled more
than $US 6.0 billions, or slightly less than 10 percent of total national flows over the same
period (Zhongguo Jingji Tongji Nianjian, select years). Much of the foreign investment was
going into manufacturing industries and primarily through joint ventures.?

Over the same period, technology imports from advanced countries played an increas-
ingly important role in the modernization of Chinese firms in general. Between 1983 and

1992, Shanghai firms signed 2,512 technology import contracts, of which 1,175 had started

2The rest came through cooperative production ventures (hezuo jingying giye) and wholly-owned and
independent foreign ventures (duzi jingying qiye).



production by 1992. Up through 1992 the cumulative value of these agreements (which
presumably includes the value of capital equipment) was $US 2.5 billions,; of which 23.9
percent was with firms from Japan, 20.5 percent was with Germany, and 15.4 percent was

with the United States (Shanghai Tongji Nianjian, select years).

2.3. Firms’ Operations and Market Environment

Our survey covers an important period of China’s economic reform. In the early 1980s China
began a systematic effort to reform its industrial enterprises (Naughton 1995). Firms that
were largely owned and controlled by the state were given new autonomy over production
decisions and provided more powerful economic incentives. For example, they were allowed
to retain a portion of their profits and to provide bonuses to managers and workers. At the
same time, the central government reduced barriers to entry in many sectors, and relaxed
controls over prices of most products and inputs through the introduction of the dual-track
system (Byrd 1991, Lau, Qian and Roland 2000). As a result, most state-owned firms faced
increasing product market competition.

There has been considerable debate in the literature over the effect these reforms had on
state-owned enterprise behavior and productivity vis-a-vis their non-state owned counter-
parts, especially up through the early-to-mid 1990s (Lardy, 1998). The general consensus
now appears to be that although these reforms helped to alter the behavior of state-owned
firms and improve their performance (Groves et. al. 1994, Li 1997, Shirley and Xu 2000),
productivity growth and profitability continued to lag significantly behind firms in the non-
state sector (Jefferson and Rawski 1996). Soft budget constraints facing state-owned firms

(i.e., firms know ez-ante that they will be able to default on their debt in the event of project



losses) appear to be the likely cause.

Over the period we are examining, China’s financial system was dominated by four state-
owned banks, which held more than 80 percent of the assets of the financial system. Lending
by these banks was largely administratively determined through the national credit plan,
and heavily biased in favor of state-owned firms. Up through the early 1990s, between 85-90
percent of all lending by the state-owned banks consistently went to the state-owned firms
in the form of working capital and fixed investment loans (Jinrong Nianjian, select years,
Brandt and Zhu 2000).®> There was a significant subsidy component implicit in lending.
Real interest rates were low, and in fact occasionally negative (Lardy 1998). Soft budget
constraints further reduced the effective borrowing costs facing these firms. The bias in
bank lending towards state-owned firms and budget softness can be linked to their size
and their responsibility for worker welfare, including housing, health services, retirement
benefits, etc.* The legacy of soft-budget constrains is a banking system with perhaps as
much of a half of its portfolio non-performing (Standard & Poors Credit Week, June 11,
2003).

The effects of the industrial reform are evident in our data. Table 1 summarizes self-
reported information on firms’ objectives, product pricing, factors affecting profitability, and
barriers to investment. With respect to firm objectives and product market competition,
the differences between state-owned firms and firms in the non-state sector appear modest
during the period of our study.

Firms were asked to list their top three objectives. Panel A of Table 1 reports the

3Paralleling the high percentage of credit going to state-owned enterprises, nearly two-thirds of all in-
vestment in economy over this period was in the state sector.

4Although state-owned firms were inefficient, the political costs of hardening budgets and cutting off
funding during this period were still high. On this point, see Shleifer and Vishy (1994).



four most-cited objectives. ‘Reducing production costs’ and ‘achieving economies of scale
through market expansion” were the top objectives of more than two-thirds of all types of
firms, which suggests that improving firm profitability is a goal common to all ownership
types. Our data also provide some support for changes in price regulation. As shown in
panel B, more than half of state-owned and collectively-owned firms and 84 percent of joint
ventures reported that the prices of their main products were determined by market forces.
In contrast, just 11 percent of state-owned and collectively-owned firms reported that the
supervisory agency sets mandatory prices.

Firms were also asked to assess the major factors affecting firm profitability. As dis-
played in panel C of Table 1, the majority of all types of firms listed ‘competition from
domestic firms’ as an important factor. In contrast, less than one-third of firms considered
‘government interference’ as a significant factor influencing firm profitability. Hence, most
firms considered their production decisions to be affected more directly by domestic market
competition than by government intervention.

Although there were tremendous changes in the product markets in the late 80s and
early 90s, economic reform in the financial sector largely lagged behind. This imposed
serious constraints on firm investment and profitability. This point is also evident in our
data. As reported in panel C, over 80 percent of firms consider ‘availability of funds’ as
an important factor affecting profitability. Panel D of Table 1 shows that for the majority
of all types of firms, ‘insufficient internal funds’ and ‘difficulty in getting bank loans’ were
major barriers to investment. However, firms differed greatly by ownership in the ability to

access external funds (mainly bank loans) and the hardness of budget constraints.



2.4. Firm Attributes

Table 2 provides summary statistics on firm attributes with respect to firm age, size, physical
capital intensity, human capital, and firm profitability. The left panel of the table displays
information for the full sample of 248 firms. The right panel reports on a smaller sample that
only includes firms with information on employment, profits, output, and fixed assets prior
to the technology project.” For state-owned and collectively-owned firms, the differences
between the two samples are small in general. However, joint ventures in the smaller sample
appear to be less capital-intensive, and have lower profits per worker than those in the full
sample. In the empirical analysis we mainly exploit the smaller sample to control for intrinsic
firm attributes. This is because most technology projects involve large investment in fixed
assets, which would have substantial effects on firm physical capital intensity, profits, and
other firm performance after the project.

As shown in Table 2, the data reveal considerable firm-level heterogeneity — both within
and across ownership groups. State-owned firms are substantially older and larger than
either collectively-owned firms or joint ventures. On the other hand, joint ventures are
significantly more capital intensive than other firms. This is complemented by greater
human capital in the joint ventures. Thus, joint ventures have higher firm profitability than

other firms, as expected.

5The reduction of sample size arises from three sources. First, 9 state-owned firms, 15 collectively-owned
firms and 29 joint ventures were established at the same time as the project, and so we do not have the
information on firms themselves prior to the project. Second, 6 state-owned firms, 5 collectively-owned
firms and 1 joint venture had projects that started before 1987, but firms were only asked to report data
retroactively up to 1987. Finally, 6 state-owned firms, 4 collectively-owned firms, and 4 joint ventures did
not report information on firm profits, fixed assets or output prior to the project.
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2.5. Technology Projects

In this paper we focus on technology projects. For all types of firms, the primary purpose
of technology projects was either to introduce ‘new’ products or improve the quality of
existing products. (‘New’ products here mean the products that are new to the firm but not
necessarily new to the entire product market.) This process of renovating or modernizing
the production operations is crucial for a firm to succeed in intensified product-market
competition.

Table 3 reports project size, a breakdown of project expenditure, sources of project
financing, and project performance. On average, state-owned firms have substantially larger
projects than joint ventures and especially collectively-owned firms. This is consistent with
the large firm size of those state-owned firms. The investment carried out as part of the
technology projects represents a significant portion of the fixed productive assets. For state-
owned firms, the median size of new investment is 31 percent of the firm’s assets at the time
when the project begun, while it constitutes 50 percent for collectively-owned firms and 41
percent for joint ventures. Clearly, the economic success of these firms is tied to the success
of these projects, which helps justify our focus on these renovation projects.

For all types of firms, equipment (including domestic and imported) constitutes between
57 percent and 79 percent of total project expenditure. State-owned firms and joint ventures,
however, are much more likely to import equipment: 75 percent of state-owned firms and 63
percent of joint ventures imported equipment, compared to only 42 percent of collectively-
owned firms that did. This behavior translates into a larger average share of investment in
imported equipment for the state-owned firms and joint ventures. The origin of imported

equipment is mainly from technologically-advanced countries including the United States,
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Japan, and Germany.

Most firms consider the availability of funds as a major factor affecting their investment
and profitability. However, firms differ significantly in their ability to access external funds.
As displayed in Table 3, 84 percent of state-owned firms used bank loans while 63 percent of
collectively-owned firms and just a half of joint ventures obtained bank loans to finance their
technology projects. On average, bank loans covered 46 percent of project expenditure for
state-owned firms, but only 29 percent for collectively-owned firms and 36 percent for joint
ventures. The enormous size difference in these projects across ownership groups implies
that a majority of the credit was going to state-owned firms.

The bottom of Table 3 reports project performance in terms of project profitability and
capacity utilization rates. Project profitability is measured by gross project profits relative
to project size. By 1993, project profitability is the lowest for state-owned firms but the
highest for joint ventures. State-owned firms also have the lowest capacity utilization rates.

To summarize, we find that (1) firms differ substantially in terms of size, age, human
capital and physical capital intensity. These attributes capture a firm’s capability to ab-
sorb a ‘new’ technology; (2) firms differ greatly in the ability to access external funds. In
particular, state-owned firms have better access to cheap bank credits than other firms; (3)
compared to other ownership types, state-owned firms adopt much larger projects and in-
vest more in imported equipment; and (4) state-owned firms appear to have poorer project
performance than other firms. In the following we will present a theoretical framework in
which the difference in investment behavior and subsequent project performance is linked

to the difference in technical capacity and the ability to access bank loans.
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3. Theoretical Framework

In this section we present a simple theoretical framework to examine firm investment deci-
sions. We assume that all firms are profit-maximizers. This is a simplifying assumption. It
is likely that state-owned firms have other objectives such as maximizing output or employ-
ment. However, based on the discussion in section 2.3, the industrial reforms in the late 80s
and early 90s increased the weight state-owned firms put on improving profits compared to
fulfilling output quotas or other planned targets.

Firms differ in the capability to absorb new technology. Let #; denote firm ¢’s technical
capacity. Firms also differ substantially in the ability to access funds. The major sources
of project financing come from bank loans and internal funds.® Let r® be the interest rate
charged by banks, and ! the opportunity cost of internal funds. Because bank loans are
a form of government subsidy to firms, we assume that r? < .7 This is contrary to
the usual assumption that the cost of internal funds is lower than that of external funds
due to adverse selection or moral hazard problems (e.g., Johnson, McMillan, and Woodruff
2002). This difference between r? and r! implies that a firm will first seek bank loans before
using their internal funds to finance their projects. How much credit a firm can obtain is
determined by banks on the basis of firm characteristics (mainly ownership and size). Let
b; be the fraction of project expenditure that is financed through bank loans for firm 7. A

higher b; indicates that a firm has better access to bank loans.® Then the effective interest

6Foreign investment covered 20 percent of project expenditures for joint ventures (see Table 3). For
simplicity, we treat foreign investment as equivalent to internal funds in terms of the opportunity cost of
investment.

"Bank loans here play a role of government transfer in the model of Shleifer and Vishy (1994). Moreover,
although our model does not explicitly deal with soft budget constraints, our results should hold in their
presence since soft budget constraints essentially lower the interest rate charged by banks (Dewatripont and
Maskin 1995).

8A regression of access to bank loans (i.e., the fraction of project expenditure that is financed through

13



rate for firm 4 is b;r® + (1 — ;) r’.

Let k; be firm i’s project investment, and p the price of capital goods. Let R (k;) be the ex-
pected project revenue in each period, and C' (k;, 0;) the expected cost of operating new tech-
nology in each period. The expected project profit in each period is R (k;) —C' (k;, 0;). Thus,
the present value of expected project profits is [R (k;) — C' (k;,6;)] / [bir® + (1 — b;) r']. Note
that the current capital stock is suppressed in R (k;) and C (k;, 6;). All variable inputs are
optimally chosen. For simplicity, we also omit depreciation, taxes, and costs of adjusting
the capital stock. In addition, we do not consider any strategic interaction between firms.
Then the firm’s investment problem can be characterized as

o R(k) = C (kb))
ki bi’I"B—i-(l—bi)’l"l

In order to have an interior solution to this problem, we make the following assumptions:
(1) R (k;) is continuously differentiable, strictly increasing, and strictly concave; (i) C (k;, 6;)
is continuously differentiable, strictly increasing in k;, strictly decreasing in 6;, and strictly

convex for any given 6;; and (ii7) R(0) — C(0,0;) = 0 and klim R (k) — G, (ki 05) > 0.

i —0

Assumptions (i) and (i7) guarantee that the second-order condition holds, i.e., R" (k;) —

The first-order condition for the firm’s problem is

R (k) — C, (ki, 0;) = [bir® + (1 = b;) r'] p. (1)

bank loans) on firm attributes reveals that larger firms in terms of the number of workers and fixed assets
prior to the project obtained relatively more bank loans to cover their project expenditure. On the other
hand, access to bank loans does not appear to be related significantly to firm age, sector, and firm profitability
and output prior to the project.
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That is, firms choose the optimal investment £ ((97;, b, rB, !, p) by balancing the marginal
return to investment against the user cost of capital. Based on this first-order condition,
it is straightforward to derive the effect of technical capacity (;) and the ability to access

bank loans (b;) on project size as follows:

oky p(rf —r7) @
b;  R" (k) —Cy (ki 6;)’
ok w0, (Kis 0:)

90;  R" (k) —Cy (ki 0;)
The implications of equations (2) and (3) are summarized in proposition 1.

Proposition 1. (Technology Adoption)
(i) If r2 <!, then Ok} /0b; > 0. In addition, Ok} /Ob; increases in (r' — %) .

(ii) If C}. 4. (i, 0;) <O (i.e., k; and 0; are complementary), then Ok; /00; > 0.

That is, firms with better access to bank loans and higher technical capacity adopt larger
projects. The magnitude of the effect of bank loans on project size depends on the gap
between r® and r!, which is largely determined by ownership types. Since subsidies are
more important in loans to state-owned firms, the gap between r? and r! is larger for state-
owned firms than other firms. Thus, we expect that the impact of bank loans on project
investment would be the strongest for state-owned firms.

We are also interested in the impact of #; and b; on project performance. One perfor-
mance measure is project profitability which is a ratio of project profits to project size, i.e.,
mi = [R(k}) — C (k;,0;)] /pk}. The ability to access bank loans (b;) affects project profitabil-

ity via its impact on technology choice (k). Using the first-order condition in equation (1),

15



it is straightforward to derive the effect of b; on m; as follows:

Obi ki Ob; (k)" [R" (ks) = CF, (K, 6)]

(rl —rB ) ) (4)

The implication of equation (4) is summarized in proposition 2.

Proposition 2. (Technology Absorption)

If rB < ! then Om;/0b; < 0. In addition, Om;/db; decreases in (r! —rP).

That is, given the same technical capacity, firms with better access to cheap bank loans have
lower project profitability. This is because firms with better access to cheap credit choose
larger projects, which increases the costs of adopting and using new technology and thus
reduces the rate of project profits.

Technical capacity has two opposing effects on project profitability. The indirect effect
works through its impact on project size: firms with higher technical capacity choose larger
projects. This raises the costs of adoption and absorption and hence lowers profitability. On
the other hand, higher technical capacity directly reduces the cost of using new technology
and thus raises profitability. If this direct effect dominates, firms with higher technical
capacity have higher project profitability.

The previous discussion has focused on the total project investment. Inspired by the
literature on the relationship between importing equipment and economic growth (e.g., De
Long and Summers 1991, Eaton and Kortum 2001), we extend our theoretical framework
to examine the choice between imported and domestic equipment. The basic idea is similar

to that is given in proposition 1. Since formalizing this problem requires a new set of
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notation, a detailed theoretical presentation is relegated to the appendix. Now we focus on
the intuition instead.

We expect that imported and domestic equipment have different effects on project rev-
enues as well as costs of adopting and operating new technology. On the one hand, imported
equipment is likely to embody more advanced technology, which allows a firm to produce
better products and achieve higher project revenues. On the other hand, imported equip-
ment is likely to be more expensive to adopt. In addition, a higher share of imported
equipment may increase the difficulty in absorbing new technology, leading to higher costs
of using new technology. Under certain assumptions, the results in proposition 1 also hold
for investment in imported and domestic equipment. Interestingly, the modified model also
implies that with better access to bank loans, firms increase investment in imported equip-
ment more than in domestic equipment. These results are summarized in proposition 3 in
the appendix.

This completes our discussion about the theoretical model. This model provides a basis

for the following empirical analysis.

4. Technology Adoption

In this section we focus on project size and investment in imported and domestic equipment.
As suggested by proposition 1 and proposition 3 in the appendix, firm investment decisions
are determined by technical capacity (6;) and the ability to access bank loans (b;). Since

B

the effect of b; on investment depends on the wedge between r® and r!, which is mainly

determined by ownership types, we include the interaction term between b; and ownership
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types (see equations (2), (10) and (11)). Our empirical specification is

tech choice; = f (ownership;, b; - ownership;, 6;, Z;) + ; (5)

where 7 indexes firms; tech choice; represents project size or investment in imported and
domestic equipment; ownership; indicates ownership types; b; is the fraction of project ex-
penditure that is financed through bank loans; 6; is a vector of variables measuring technical
capacity including firm size, age, human capital, and physical capital intensity; Z; is a vector
of other control variables including firm profitability (proxy for the availability of internal
funds), sector dummies, and time dummies indicating the year when the project started
(proxy for investment opportunities facing all firms); and y; is the error term.

We only use as controls firm attributes prior to the project.® Unfortunately, this reduces
our sample from 248 firms to 169 firms for reasons explained earlier (see footnote 5). In
particular, about two-thirds of the joint ventures drop out of the sample, which seriously

restricts our ability to analyze the behavior of joint ventures.

4.1. Project Size

Results on project size are reported in Table 4. The dependent variable is the logarithm of
project size. Column 1 shows that state-owned firms have significantly larger projects than

collectively-owned firms even after controlling for sector and the year in which the project

9Data on worker education are only available for the year 1994. However, between 1992 and 1994, the
average annual turnover rate in our sample of firms was below 1.4 percent (the median was below 0.8
percent) for managers and below 3.6 percent (the median was below 1.9 percent) for production workers.
Thus, we expect that educational levels of workers were very similar before and after the project. In
addition, our estimation reveals that worker education does not affect investment significantly. Excluding
worker education from our regressions has no significant effect on our other results.
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started.

Column 2 adds three measures of firm size — fixed productive assets, output, and employ-
ment prior to the project. The impact of firm size on innovation and technology diffusion
has been examined extensively (e.g., Cohen and Levin 1989). A larger firm can better reap
the benefit of adopting a new technology due to economies of scale. A larger firm may also
have more internal sources, be more diversified, and be better able to hedge against the
risks associated with technology adoption. Moreover, the accelerator model in the invest-
ment literature supposes that higher sales or output lead to higher level of investment. The
replacement model assumes that firms with more capital assets have higher demand for in-
vestment due to the need of capital replacement. Thus, our specification nests the different
models in the literature. Note that all of the models predict that larger firms should adopt
bigger projects. Indeed, column 2 shows that all three measures of firm size have a positive
effect on project size. In particular, firms with more fixed productive assets and higher
output prior to the technology project adopt significantly larger projects. The coefficient
on ‘state-owned firm’ becomes insignificantly negative.

A firm’s technological capacity is related to their physical capital intensity, human capital
and the vintage of existing technology. Human capital is captured by worker education. The
vintage of the firm’s existing technology is proxied by firm age. The estimates in column
3 show that physical capital intensity, worker education and firm age are not significantly
correlated with project size.!® As will be shown in the next section, however, physical capital
intensity is significantly and positively correlated with expenditure on imported equipment

but not on domestic equipment. The insignificant effect of human capital and technology

O Employment is excluded to avoid multicollinearity.
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vintage may be due to measurement errors. Worker education may fail to capture firm-
specific human capital, which is also crucial for technology absorption. The use of firm
age as a proxy for technology vintage ignores the fact that older firms may upgrade their
technology.

Since ‘insufficient internal funds’ and ‘difficulty in getting bank loans’ are the biggest
barriers to firm investment (see Table 1), we are particularly interested in how the ability
to access funds affects project size. In column 4, we include firm profitability i.e., the ratio
of firm profits to fixed assets, as a proxy for the availability of internal funds. We find no
evidence that firm profitability prior to the project has a significant effect on project size
when we also control for firm size and other firm attributes.

In column 5 we add interactions between access to bank loans and firm ownership.
Access to bank loans is measured by the fraction of project expenditure that is financed
through bank loans. This measure is demeaned so that the estimated coefficient on ‘state-
owned firm’ (or ‘joint venture’) indicates whether the size of the projects of state-owned
firms (or joint ventures) is significantly different from that of collectively-owned firms if the
two types of firms can access bank loans at the average level. Note that using demeaned
bank loans does not affect the estimates of the interaction terms between bank loans and
ownerships. Interestingly, the estimated coefficient on the interaction between bank loans
and ‘state-owned firm’ suggests that a 1 percentage point increase in the share of bank
loans is associated with a 1.38 percent increase in project size for state-owned firms. This is
consistent with our theoretical prediction that firms with better access to bank loans adopt
larger projects.

At the same time, the estimated coefficient on the interaction between bank loans and
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‘collectively-owned firm’ is positive, although it is not statistically significant and its magni-
tude is also just a third of that for state-owned firms. This difference between state-owned
and collectively-owned firms can be explained by the fact that bank loans are more impor-
tant as a form of government subsidy to state-owned firms than to collectively-owned firms.
That is, the wedge between the cost of bank loans and that of internal funds is much larger
for state-owned firms than for collectively-owned firms. Therefore, the ability to access bank
loans affects state-owned firms much more than collectively-owned firms.

We also find that for joint ventures, a 1 percentage point increase in the share of bank
loans is related to a 1.50 percent decrease in project size. This is contrary to our theoretical
prediction. One explanation is that the cost of bank loans may in fact be higher than the
cost of internal funds for joint ventures. Alternatively, for joint ventures bank loans are
mainly used to purchase domestic equipment, which is cheaper than imported equipment.
(Unlike other firms, joint ventures can use foreign investment to finance their purchases of
imported equipment.) So joint ventures that use more bank loans to finance their projects
also have smaller projects. We will provide empirical evidence that supports the second
interpretation.

There is concern that our measure of bank loans may be endogenous; banks may decide
to finance larger and better projects. However, according to the literature on credit rationing
in China, lending by China’s state-owned banks is more heavily influenced by government
policy than project profitability. In fact, during this period banks lacked the expertise to
choose good projects that were well matched with firm capability. Banks incentives to select
good projects over bad ones were also often weak (Brandt and Li, forthcoming). Therefore,

we are inclined to believe that the link between the quality of projects and the size of bank
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loans is weak. In addition, due to data limitation, we do not have a more convincing measure
of a firm’s ability to access bank loans. Hence, we interpret our result on the relationship
between bank loans and project size as correlation rather than causality.

We also experiment with other measures of bank loans. Column 6 reports the estimates
when ‘bank loan’ is a dummy variable, which equals 1 if the firm obtained bank loans
to finance the technology project. As it is apparent, the results are very similar to the
benchmark estimates in column 5.

Finally, in all of the specifications in Table 4, we control for firm sector and the year
when the technology project started. (To save space, these results are not reported in the
table.) Projects tend to be significantly larger (smaller) than average in the transportation
(chemical) industry.!! We also find that the projects that were carried out after 1989
are significantly smaller in size than those projects implemented before 1989. This result is
consistent with the economic retrenchment beginning late in 1988. For the next several years,
tight monetary policy was implemented in order to combat inflation. Firm profitability was

also lower. This shortage of funds tended to reduce project size.

4.2. Investment in Imported versus Domestic Equipment

As suggested by proposition 3 in the appendix, technological capability and the ability to
access bank loans have disparate effects on investment in imported and domestic equipment.
Thus, in this section we study investment in imported and domestic equipment separately.

Results are given in Table 5.

U Most of the projects in transportation were linked to the development of Shanghai’s emerging auto
industry. The key venture was a joint venture between Germany Volkswagen and Shanghai Automotive
Industrial Corporation, complemented by investment in new and existing parts suppliers.
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Columns 1-2 report simple OLS estimates. A comparison between imported and domestic
equipment reveals several interesting results. First, for state-owned firms, a 1 percentage
point increase in the share of bank loans is associated with a 2.13 percent increase in the
expenditure on imported equipment but just a 0.07 percent increase in the purchase of
domestic equipment. This is consistent with our theoretical prediction that with better
access to cheap bank loans, firms increase investment in imported equipment more than in
domestic equipment. For collectively-owned firms, we also find that the estimated coefficient
on bank loans is larger for imported equipment than that for domestic equipment. In
contrast, for joint ventures, a 1 percentage point increase in the share of bank loans is related
to a 2.23 percent decrease of investment in imported equipment but a 1.83 percent increase
in domestic equipment. Therefore, unlike state-owned and collectively-owned firms, bank
loans lent to joint ventures appear to be tied to the purchase of domestic equipment. This
difference may be due to the fact that joint ventures can use foreign investment to purchase
imported equipment. However, for both collectively-owned firms and joint ventures, the
coefficients on bank loans are not statistically significant.

Second, more profitable firms invest more in imported equipment. The estimate implies
that a 1 percent increase in firm profitability is associated with a 0.42 percent increase in
expenditure on imported equipment. In contrast, the estimated coefficient on firm prof-
itability for domestic equipment is small and statistically insignificant. Firm profitability
indicates the availability of internal funds. Profitability may also be linked to efficiency of
the firm. Thus, the result provides some evidence that better firms adopt more advanced
technology.

Third, more capital-intensive firms purchase less domestic equipment. Capital intensity
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represents the production technique of a firm. Compared to labor-intensive firms, capital-
intensive firms are likely to equip their workers with more sophisticated machinery. Their
workers may also have greater experience with more capital-intensive and technologically
advanced production processes.'? Thus, more capital-intensive firms are likely to have lower
demand for domestic equipment.

Fourth, firms with more fixed productive assets prior to the project spend relatively
more on imported than domestic equipment. In particular, the estimates suggest that a
1 percent increase in fixed assets is related to a 0.95 percent increase in expenditure on
imported equipment and a 0.60 percent increase in expenditure on domestic equipment.
The statistical significance is also higher for imported equipment than that for domestic
equipment.

Because 61 firms did not purchase any imported equipment and 43 firms did not invest
in domestic equipment, we also use the left-censored Tobit model to take into account the
problem of corner solutions. Results are displayed in columns 3-4. The Tobit estimates
have similar signs and significance levels as the OLS estimates, and the estimated marginal
effects are also quite similar to the OLS estimates. For example, the estimate in column
3 implies that for state-owned enterprises, the marginal effect of access to bank loans on
expected investment in imported equipment is 1.74 (evaluated at the mean values of the
covariates). This marginal effect is slightly lower than the OLS estimate of 2.13 in column 1.
The estimated marginal effect of firm profitability on the purchase of imported equipment

is 0.49, which is slightly higher than the OLS estimate of 0.42. Thus, the Tobit estimates

12The simple correlation between capital intensity and the percentage of workers with college degree or
above is 0.23 (p-value=0.002), while the simple correlation between capital intensity and the percentage of
workers with junior high-school diploma is -0.15 (p-value=0.05). This provides preliminary evidence that
capital and skills are complementary.
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in columns 3-4 confirm our previous results.

In column 5 we examine the share of expenditure on imported equipment. Unlike total
expenditure on imported equipment, access to bank loans is not significantly correlated with
the expenditure share of imported equipment for state-owned firms. On the other hand,
more capital-intensive and more profitable firms have significantly higher share of imported
equipment. This is consistent with the results in columns 1-2 that profitable firms invest
more in imported equipment while capital-intensive firms invest less in domestic equipment.

So far we have implicitly assumed that a single mechanism drives the decisions about
whether to import equipment and how much to import. It is possible that technical capacity
and the ability to access bank loans may have different effects on the decision to import
equipment and conditional on importing, the decision as to how much to import. To address
this issue, in columns 6-7 we report the estimates of a two-tiered model. The first tier is
whether to import equipment or not, as shown in column 6. Conditional on positive purchase
of imported equipment, we then examine the decision about how much to import. The OLS
estimate is illustrated in column 7.

We find that access to bank loans does not affect the decision to import equipment. This
is true even for state-owned firms. However, when conditioning on positive investment in
imported equipment, access to bank loans is significantly and positively correlated with the
expenditure on imported equipment for state-owned firms. The estimate of 2.08 in column
7 is fairly close to the estimate of 2.13 in column 1 for the whole sample. In contrast, the
effect of bank loans becomes much stronger for collectively-owned firms when conditioning
on positive purchase of imported equipment. For joint ventures, access to bank loans still

has a negative effect on investment in imported equipment. In addition, profitable firms
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are more likely to import equipment. However, once we condition on positive investment in
imported equipment, firm profitability does not appear to affect the decision on how much
to import. On the other hand, firms with more fixed assets are more likely to import and
also spend more on imported equipment.

Finally, in all specifications in Table 5 we control for sector and the year in which the
technology projects started. Interestingly, we find that investment in domestic equipment
appears to be more volatile and more influenced by macroeconomic fluctuations. In contrast,
investment in imported equipment is fairly stable over time. Furthermore, transportation,
electrical equipment and machinery, and electronic and telecommunications equipment in-
dustries have significantly higher investment in imported equipment than the chemical in-
dustry. However, investment in domestic equipment does not appear to vary substantially
across sectors.

To summarize, we find that although the economic reform pushed firms to face more
competition in product markets, the government still exerted influences on firm investment
decisions through project financing. In particular, easy access to cheap bank credit encour-
aged state-owned firms to adopt bigger projects and invest more in imported equipment.
At the same time, we also find that firms with more fixed assets and higher output prior to
the project adopt bigger projects; more profitable firms invest more in imported equipment
while labor-intensive firms invest more in domestic equipment. Thus, technical capacity also

plays a role in affecting investment decisions.
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5. Technology Absorption

To evaluate project performance, we mainly exploit two measures — project profitability
(i.e., a ratio of gross project profits to project size) and capacity utilization rates. Both
measures will be a product of the technical capabilities of the firm, and the commercial
soundness of the project. Empirically, it is often hard to separate the technological side
from the commercial side. Our measure of project profitability corresponds to the 7; in the
theoretical model.

The survey provides us a panel of data on project gross profits and capacity utilization
rates between 1987 and 1995. Since firms started their technology projects in different years,
the panel is unbalanced. On average we have only 2 to 3 years of observations about project
performance. Thus, our evaluation mainly captures project performance in the short run.
Since larger projects take longer for firms to absorb fully and operate ‘new’ technology
efficiently, our results are likely to be biased against larger projects. On the other hand, for
15 percent of the firms, we have 4 years of data on project performance and for 23 percent
of the firms we have 5 years or more. This allows us to evaluate project performance over

a b-year horizon.

5.1. Project Profitability

As suggested by proposition 2 in section 3, project profitability is influenced by the ability
to access bank loans. The effect of bank loans works through their impact on technology

choices. The discussion in section 3 also suggests that technical capacity has two opposing
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effects on project profitability. Thus, the empirical specification is as follows:

i = ownership; 81 + b; - ownership; - Ba + 0;b3 + Zi 84 + 44 (6)

where 7 indexes firms; ¢ indexes years; m; is project profitability which is a ratio of project
gross profits to project size; Z; include firm profitability prior to the project (proxy for
internal funds), and a vector of dummy variables controlling for sector, year and duration
of the project; and g is the error term. The definitions of ownership;, b; and 6; are the
same as those in equation (5). Our main interest is in the reduced-form effect of the ability
of the firm to access bank loans on project profitability, 3.

There is one caveat about our measure of project profitability. For the projects that
produce new products, project profits are well defined.!> However, some of the technology
projects involve products that are related to the existing products produced by the firm. In
this case it becomes difficult to measure accurately project profits. Thus, our measure of
project profitability is likely to have measurement error. However, if the measurement error
of project profitability is not systematically correlated with our measures of firm technical
capacity and the ability to access bank loans, the measurement error of project profitability
should not bias our estimates since it can be absorbed by the error term in the regression.!4

Pooled OLS estimates are displayed in columns 1-2 of Table 6. In column 1, the estimated

coefficient on the interaction between bank loans and ‘state-owned firm’ is -2.30 with a t-

13In our sample, 59 percent of state-owned firms, 58 percent of collectively-owned firms, and 69 percent
of joint ventures have technology projects that involve new products.

14We also estimate equation (6) controlling for whether the project involves new products. We find
no evidence that projects involving new products have significantly higher or lower profitability than the
projects that involve products related to existing ones.
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statistic of 3.56, indicating that for state-owned firms a 1 percentage point increase in the
share of expenditure that is financed through bank loans is associated with a 2.30 percent
decrease in project profitability. This result lends support for the theoretical prediction that
given technical capacity, firms with better access to cheap bank credits have lower project
profitability.

At the same time, for collectively-owned firms the partial correlation between the ability
to access bank loans and project profitability is small and statistically insignificant. This
result is consistent with the previous finding that access to bank loans is not significantly
correlated with project size for collectively-owned firms. These results may suggest that the
cost of bank loans is close to that of internal funds so that access to bank loans should not
have any significant effect on investment and thus, project performance. Furthermore, for
joint ventures the access to bank loans is weakly and positively related to project profitabil-
ity. Therefore, we find that unlike state-owned firms, bank loans do not appear to be a form
of subsidy to either collectively-owned firms or joint ventures.

Column 1 also shows that more profitable and more capital-intensive firms have higher
project profitability. Note that firm profitability may not only capture the availability of
internal sources, but also be related to managerial effectiveness and other firm attributes
that also contribute to higher project profitability. At the same time, the estimates of the
coefficients on project length indicate that project profitability improves over the life of the
project. In particular, project profitability is approximately 1.24 times higher for projects
with 5 (or above) years of operation than for start-up projects. This increase in profitability
is also statistically significant. This result suggests that firms may improve their production

efficiency through learning by doing. The result may also be driven by an increase in the
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market share of a project’s products.

In order to examine whether a higher share of imported equipment increases the cost of
absorption and thus lowers project profitability, in column 2 we add the share of expenditure
on imported equipment.'® We find that a 1 percentage point increase in the share of imported
equipment in fact raises project profitability by 0.77 percent, although this effect is not
statistically significant. The positive effect of investment in imported equipment reflects
that although imported equipment may increase the difficulty in absorbing technology and
raise the demand for more expensive imported intermediate inputs,'® imported equipment
may also allow a firm to produce better products and achieve larger market shares.!” This
latter effect increases sales and profits, thus offsetting the negative effect of higher absorption
costs associated with imported equipment.

Even though we have controlled for various firm attributes in columns 1 and 2, it is
still possible that some unobserved firm effects are influencing project profitability. Since
the share of bank loans and other firm attributes in our specification are time invariant,
we cannot use fixed-effects estimation. Columns 3-4 report random-effect estimates. In
this case, the unobserved firm effects are assumed to be uncorrelated with the ability to
access bank loans and other firm attributes. As it is apparent, the random-effect estimates
are fairly similar to those from the pooled OLS regressions. The only major difference is

that the share of imported equipment becomes more significantly correlated with project

15We also estimate equation (6) including the interaction between ownership and the share of expenditure
on imported equipment. However, the estimated coefficients do not differ significantly across ownership
types. Thus, we only report the results without the interaction.

160Qur data reveal that controlling for sector and the year when the project started, a 1 percentage point
increase in the expenditure share of imported equipment is related to a 0.28 percent increase in the share
of imported intermediate inputs during the initial period of the project (p-value = 0.10).

1"This is supported by the positive correlation between the expenditure share of imported equipment and
the market share of project products (0.16 with a p-value of 0.05).
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profitability.

To deal with the possible correlation between unobserved firm effects and other firm
attributes, we also experiment with the Hausman-Taylor estimator. In this specification, we
allow for the possibility that firm profitability, size, physical capital intensity, and the access
to bank loans are correlated with the unobserved firm effect. Results are given in columns
5-6. Most estimates become much less precise. However, as shown in column 5, our key
results still hold qualitatively. In particular, state-owned firms with better access to bank
loans have lower project profitability. In contrast, for both collectively-owned firms and joint
ventures, the estimated coefficients on bank loans are positive. The effect of bank loans on
project profitability also differs significantly between state-owned firms and joint ventures.
(The t-statistic is 4.46 with a p-value of 0.03.) In column 6, although the coefficient on bank
loans turns positive for state-owned firms, it is smaller than that for collectively-owned firms

and much smaller than that for joint ventures.

5.2. Capacity Utilization

Another related measure of project performance is capacity utilization rates.'® We estimate
equation (6) with m; replaced by project capacity utilization rates. As shown in Table 7,
the results are largely consistent with those in Table 6. We find that state-owned firms with
better access to cheap bank loans have significantly lower capacity utilization rates. However,
we find no evidence that bank loans are negatively associated with capacity utilization for
collectively-owned firms and joint ventures. In addition, capacity utilization rates increase

over the life of the projects. On the other hand, higher shares of imported equipment do

18The simple correlation between project profitability and capacity utilization rates is 0.17 with a p-value
of 0.001.
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not appear to reduce capacity utilization.

In contrast with the results on project profitability, Table 7 also shows that state-owned
firms have significantly lower capacity utilization rates than collectively-owned firms. On
the other hand, firms with more fixed assets prior to the project have significantly higher
capacity utilization.

To summarize, we find that state-owned firms with better access to cheap bank credits
have relatively lower project profitability and capacity utilization rates. This indicates
that cheap bank credits induce state-owned firms to adopt too large of projects given their
technical capacity. Those bigger projects increase the costs of adopting and absorbing
technology and thus reduce project profitability and capacity utilization. On the other hand,
firms which are more profitable prior to the project experience higher project profitability.
Firms with more fixed assets prior to the project have significantly higher project capacity
utilization rates. Finally, project profitability and capacity utilization improve with the

length of the project.

6. Conclusions

Using a unique firm-level survey dataset collected by one of the authors, this paper addresses
two questions: what factors influence technology adoption, and how well do firms absorb
‘new’ technology?

We focus on technology renovation projects, which were a key component of the mod-
ernization of Chinese firms during the last two decades. Fixed investment was largely
organized around these projects. Between the mid-80s and early 90s, industrial reforms had

still not progressed to the point at which investment decisions were fully decentralized to
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firms. Largely reflecting the continued state control over the banking system, we find that
access to loans from China’s state-owned banks was critical to mobilizing the resources re-
quired to carry out technology projects. With better access to bank loans than other firms,
state-owned firms carried out significantly larger projects and imported more technologically
advanced equipment.

On the other hand, we find that project performance differs significantly across firms.
State-owned firms with better access to bank loans realized significantly lower return to
technology investment. An explanation for this is that state-owned firms chose projects
that were too large and too advanced technology to absorb and operate efficiently.

Our empirical results have important implications for the role of financial development
in technology diffusion and economic growth. Only when resources are well allocated to
match technology and firms can the economy fully reap the benefits from increasing invest-
ment in technology-embodied equipment. Otherwise, investment is more likely to result in

overcapacity with higher absorption costs and lower profitability.
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A. Appendix: Investment in Imported versus Domestic Equipment

Let k™ and k¢ be firm 4’s investment in imported and domestic equipment, respectively. Let
p™ and p? be the prices of imported and domestic capital goods, respectively. Let R (k:m kd)

(2R )

denote the expected project revenue in each period, and C' (km k¢ Hl-) the expected operating

7 2"

cost in each period. Similar to the discussion in section 3, the firm’s investment problem
can be formalized as

R (k™ k) — C (K, k2, 6;

IR 7 1) ) mi.m di.d
it awe s e AL RS R (@)

However, since some firms in our sample did not invest in imported or domestic equipment,
we will allow for corner solutions. We make the following assumptions:

Assumption 1. R (kzm, k;fl) is continuously differentiable, strictly increasing in both k" and
k¢, and strictly concave; and C (kzm, k& Qi) is continuously differentiable, strictly increasing
in kI and k¢, strictly decreasing in 0;, and strictly convex for any given 6;. (This implies

that the second-order condition holds.)

Assumption 2. R(0,0) — C(0,0,6;) = 0, kLilmo [R’ (k7,0) — Chm (K",0,60;)| > 0, and

lim | R’ (0, k%) = Cp (0,k%,6,)| > 0. (This implies that firm i will invest in imported
ki —0 i

and/or domestic equipment.)
Assumption 3. p™ > p?.

Assumption 4. R}, ., —C/,. . >0. (ie, k" and k¢ are complementary.)
Assumption 5. R/,—C}, < Rjn—C}n. (ie., the marginal return to investment diminishes

faster for domestic equipment than for imported equipment.)

1"

i, < 0. (ie., technical capacity of the firm and adopted

Assumption 6. Cin, <0 and
technology are complementary.)

Under assumptions 1-6 we can derive the effect of b; and 6; on investment in imported
and domestic equipment. The results are summarized in proposition 3.

Proposition 3. (Investment in Imported versus Domestic Equipment)

Let k™ and k& denote the optimal investment of firm i in imported and domestic
equipment, respectively.

(i) If rB < rl, then Ok /Ob; > 0 and Ok& /Ob; > 0. In addition, Ok /Ob; and Ok&™ /Ob;
increase in (7‘[ — rB) .

(i) If rB < r! then O (pmkzlm) /Ob; > 0 (pdk:fl*) /0b;.

(i) Ok /00; > 0 and Ok¢ /06; > 0.
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Proof. (i) The first-order conditions to the firm’s problem are
o — Chn = p" [bir” + (1= bi)r'] (8)

Let us first consider interior solutions. In this case both ™" and k¢ are positive and satisfy
the first-order conditions. Differentiating equations (8)-(9) with respect to b; yields

oK™ B
g = ey (Rl = Cl) " = (Fipas = Cinag) ] 10)
okd rB — ol m
ob; |RC|[< %“_C?de_< bk %%W)p} (1)
2
where |RC| = <R%m — C,Zm> (R;c’d — C,;’d> — (R;c’m pi = Ol k¢> . Assumption 1 implies that

|[RC| > 0, Rjfm — Cin < 0 and R}, — C}; < 0. Combining these results with assumption
4, we obtain that if 7% < v 9k /Ob; > 0 and 9k¢ /Ob; > 0. It is also easy to see that
Ok /Ob; and Ok /b, increase in (r! —r5) .

(77) Equations (10) and (11) imply that

0 pmkzm* 0 pdkzd* Byl 7 " m 1 "
(%-)_ %b>zrmd,kw_ ) (") = (Bl = Ol ()]

Based on assumptions 3 and 5 and the implications of assumption 1, we have 0 (pmk;"*)
JOb; > 0 (pdkfl*) /0b;.
(77i) Differentiating equations (8)-(9) with respect to 6; yields

m*
81{71 _ 1 /el " _ /" el 1"
20;  |RC| ki k) R0 N
7
d*
akz _ 1 "o C// " _ 1" el C//
d0; — |RC] Ky ) ke A A U

Under assumptions 1 and 4-6, it follows that 0k /06; > 0 and 9k¢" /06, > 0.

Now let us consider corner solutions. Assumption 2 guarantees that firms will invest in
either imported or domestic equipment. Without loss of generality, suppose that k7" > 0
and k¢ = 0. In this case, equation (8) still holds. Thus, proposition 1 holds for the
investment in imported equipment. B
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Table 1. Firm's Self-assessment about Operations and M arket Environment

State-owned  Collectivey- Joint
Firms owned Firms  Ventures

A. Firm Objectives (%)

Reducing production costs 85 85 78

Achieving economies of scale through market expansion 62 65 70

Entering export market 54 38 68

Achieving economies of scope through product diversification 52 58 26
B. Product Pricing (%)

Market forces determine price 56 53 84

Supervisory agency sets reference price 23 20 8

Producer's association sets minimum price 11 16 8

Supervisory agency sets mandatory price 11 11 0
C. Factors Affecting Firm Profitability (%)

Compstition from domestic firms 84 89 74

Availability of funds 80 82 80

Inability to collect debt from clients 73 68 66

Government interference 27 31 32
D. Barriersto Investment (%)

Insufficient internal funds 85 86 62

Difficulty in getting bank loans 74 76 72

Unprofitable investment opportunities 54 39 52

Restrictions by supervisory agency 51 41 34
Number of Firms 124 74 50

Notes: This table reports the percentage of firms that select the items in the first column. For example, '62' in panel A under 'state-
owned firms' indicates that 62 percent of state-owned firms consider ‘achieving economies of scale through market expansion' as atop
firm objective.
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Table 3. Summary Statistics on Technology Projects

State-owned Collectively-owned
Firms Firms Joint Ventures
mean >0° mean >0° mean >0°
Project Size
Absolute size (in million RMB) 10.5 19 31
(20.8) (2.9) (4.6)
Project size rdlative to fixed productive assets® (%) 31 50 41
Project Expenditure Breakdown® (%)
Imported equipment 35 75 21 42 42 63
(32) (30) (43)
Domestic equipment 30 75 36 80 37 56
(29) (30) (40)
Construction of new facility 15 60 16 56 7 31
(29 (21) (13)
Prototype devel opment 13 60 20 70 11 38
(20 (24) (23)
Sour ces of Project Financing® (%)
Bank loans 46 84 29 63 36 50
(32) (31) (44)
Internal funds 43 92 61 98 43 81
(31) (34) (40)
Foreign investment 4 8 3 4 20 31
(14) (14) (34)
Project Performance’
Project gross profits relative to project size 0.96 0.98 1.23
(1.56) (1.29) (2.90)
Project capacity utilization rate (%) 85.07 87.31 85.63
(16.07) (11.44) (16.86)
Number of Firms 103 50 16

Notes: This table reports summary statistics for the smaller sample that includes firms with information on firm employment,
fixed assets, profits and output prior to the technology project. Standard deviations are in parentheses. The exchange rate is

RMB 8.28 per $US.

a) In the column of >0, we report the percentage of firms for which the variable is greater than zero. For example, for
collectively-owned firms, '42' in the row of 'imported equipment' indicates that 42 percent of collectively-owned firms

invested in imported equipment.
b) The median values are reported.

c) Project expenditure also includes training and one-time technology transfer fees. Sources of project financing also come

from equipment suppliers and others. Since these items are very small, they are not reported in the table.

d) Project profits and capacity utilization rates are for 1993.



Table 4. Project Size

Benchmark
€) @) ©) 4 ©) (6)

State-owned Firm 0.86 -0.26 -0.29 -0.29 -0.32 -0.47
(297) (-0.94) (-096) (-0.97) (-1.05) (-1.60)

Joint Venture 0.44 -0.14  -0.25 -0.25 -0.38 -0.56
(2.03) (-0.43) (-0.71) (-0.72) (-1.10) (-1.55)

Bank L oan* State-owned Firm 1.38 1.68
(252) (4.36)

Bank Loan*Collectively-owned Firm 0.40 0.07
(0.54) (0.18)

Bank Loan*Joint Venture -1.50 -1.05
(-2.45) (-1.90)

Log(Firm Profits / Fixed Assets), 0.03 0.02 -0.09
(0.28) (0.18) (-0.89)

Log(Firm Fixed Assets), 0.30 0.49 0.52 0.53 0.44
(2.91) (255 (217 (2270 (195

Log(Firm Output)g 0.32 0.33 0.31 0.28 0.42
(208) (207) (1.64) (155 (2.48)

Log(Firm Employment), 0.21
(2.18)

Log(Firm Fixed Assets / Employment), -0.25 -0.25 -0.26 -0.29
(-1.30) (-1.29) (-1.36) (-1.59)

% of Senior High-school Graduates 0.00 0.00 -0.00 -0.00
(0.06) (0.01) (-0.50) (-0.15)

% of College Graduates 0.01 0.01 0.01 0.01
(0.47) (0.45) (0.68) (0.62

Firm Established in the Period 1978-89 -0.08 -0.09 -0.01 0.01
(-0.28) (-0.30) (-0.02) (0.02)

Firm Established in the 1990s 0.14 0.14 0.32 0.37
(0.38) (0.36) (0.90) (104

R? 019 047 047 047 052 055

Notes: This table reports estimates of equation (5). The dependent variable is the logarithm of project
expenditure. All specifications include controls for firm sector and the year when the technology project
started. There are 169 observations. The omitted category for ownership is collectively-owned firms. 'Bank
loan' in column 5 is the fraction of project expenditure that is financed through bank loans, whilein column 6
it is a dummy variable which equals 1 if the firm used bank loans to finance the project. Firm profits, fixed
assets, output and employment are prior to the project. '% of senior high-school graduates' and '% of college
graduates represent the percentage of workers who have senior high-school diploma and college degree or
above, respectively. The data on worker's education are for 1994. The omitted category is workers with a
junior high-school diploma or below. The omitted category for firm age is firms which established before
1978. In parentheses are t -statistics. Standard errors are robust to heteroscedasticity.



Table5. Investment in Imported Equipment versus Domestic Equipment

oLS? Tobit” Probit° oLs?

imported domestic  imported domestic  imported imported=1 imported>0
€ @) ©) 4 ©) (6) ()

State-owned Firm 0.43 -0.51 0.59 -0.79 0.05 0.33 -0.40
(0.86) (-1.10) (0.77) (-1.62) (0.50) (0.97) (-0.84)
Joint Venture -0.28 -0.31 -0.27  -0.73 0.02 -0.26 -0.21
(-0.37) (-0.44) (-0.24) (-0.75) (0.19) (-0.53) (-0.39)
Bank Loan* State-owned Firm 2.13 0.07 2.23 -0.22 0.17 0.38 2.08
(299) (0.10) (2.33) (-0.22) (1.30) (0.82) (3.31)
Bank L oan*Collectively-owned Firm 0.20 -0.28 0.66 -0.06 0.21 -0.20 1.49
(0.19) (-0.26) (0.36) (-0.04) (0.93) (-0.30) (1.21)
Bank Loan*Joint Venture -2.23 1.83 -3.04 2.87 -0.37 -0.68 -1.85
(-1.56) (1.38) (-1.39) (1.60) (-1.09) (-0.70) (-1.62)
Log(Firm Profits / Fixed Assets), 0.42 0.07 0.62 0.12 0.07 0.31 0.08
(2.34) (0.43) (2.37) (0.56) (2.32) (2.60) (0.56)
Log(Firm Fixed Assets), 0.95 0.60 1.53 0.69 0.10 0.56 0.58
(258) (1.76) (264) (172 (1.32) (2.18) (1.98)
Log(Firm Output), -0.05 0.12 -0.24 0.15 -0.01 -0.14 0.07
(-0.16) (0.49) (-0.52) (0.49) (-0.18) (-0.65) (0.30)
Log(Firm Fixed Assets / Employment), -0.01  -0.73 0.11 -0.98 0.14 0.06 0.05
(-0.04) (-2.43) (0.29) (-2.62 (2.47) (0.31) (0.18)
% of Senior High-school Graduates -0.00 0.01 0.00 0.01 0.00 0.00 -0.00
(-0.30) (0.74) (0.0 (117 (0.01) (0.12) (-0.01)
% of College Graduates 0.01 -0.00 0.03 -0.01 0.00 0.02 -0.01
(0.78) (-0.22 (1.13) (-0.42 (1.58) (1.33) (-0.65)
Firm Established in the Period 1978-89 -0.35 -0.15 -0.56  -0.22 -0.10 -0.28 0.17
(-0.72) (-0.30) (-0.82) (-0.39) (-1.13) (-0.88) (0.39)
Firm Established in the 1990s 0.53 0.13 0.79 0.01 0.02 0.29 0.18
(0.90) (0.21) (0.95) (0.01) (0.149) (0.68) (0.35)
Number of Observations 169 169 169 169 169 169 108
R? 045 031 0.51
Log Likelihood -309.90 -334.20 -88.95 -75.64

Notes: This table examines investment in imported and domestic equipment. All specifications include controls for firm age,
sector and the year when the technology project started. In parentheses are t-statistics. Standard errors are robust to
heteroscedasticity. See the notesto Table 4 for more detail about other variables.

a) The dependent variables in columns 1-2 are the logarithm of expenditure on imported equipment plus 1, and the logarithm of
expenditure on domestic equipment plus 1, respectively.

b) Columns 3-5 report the left-censored Tobit estimates. 61 firms did not import equipment and 43 firms did not purchase
domestic equipment. The dependent variables in columns 3-4 are the same as those in columns 1-2 correspondingly. The
dependent variablein column 5 is the share of expenditure on imported equipment.

¢) The dependent variable is a dummy variable which equals 1 when the firm imported equipment, and O otherwise.

d) Column 7 excludes firms which did not import equipment. The dependent variable is the logarithm of expenditure on imported
equipment plus 1.



Table 6. Project Profitability

Pooled OLS Random-Effects  Hausman-Taylor
€ (@) ©) ©) ®) (6)

State-owned Firm 0.11 0.15 0.06 0.01 0.12 0.91
(-0.32) (0.43) (0.16) (0.03) (0.13) (0.50)
Joint Venture -0.28 -0.35 -044  -0.50 0.02 1.66
(-0.50) (-0.67) (-0.83) (-0.96) (0.02) (0.49)
Bank Loan* State-owned Firm -2.30 -2.50 -2.31 -2.51 -3.41 3.38
(-356) (-3.73) (-4.30) (4.67) (-0.43) (0.21)
Bank Loan*Collectively-owned Firm -022 021 -0.18 -0.21 493 6.95
(-0.33) (-0.31) (-0.22) (-0.26) (1.05) (0.89)
Bank Loan*Joint Venture 0.94 1.06 0.58 0.81 13.22 23.73
(0.76) (0920 (054) (0.75 (1.00) (0.92
Log(Firm Profits / Fixed Assets), 0.20 0.16 0.19 0.16 0.12 -0.20
(151 (@23 (145 (17 (012) (-0.11)
Log(Firm Fixed Assets), -0.01  -0.03 -0.15 -0.18 -0.79  -152
(-0.04) (-0.13) (-0.56) (-0.66) (-0.75) (-0.76)
Log(Firm Output) -0.18 -0.18 -0.14  -0.15 0.00 -0.00
(-0.95) (-0.95 (-0.68) (-0.72) (0.13) (-0.08)
Log(Firm Fixed Assets/ Employment), 0.48 0.40 0.57 0.46 174 3.38
(1.91) (156) (249 (2000 (1290 (1.09
2nd Year of Project 0.33 0.32 0.28 0.28 0.27 0.23
(397) (391) (354 (355 (L.79 (1.30)
3rd Year of Project 0.44 0.44 0.43 0.43 0.38 0.30
(191) (192 (263) (266) (1.36) (0.89)
4th Year of Project 0.49 0.48 0.55 0.55 0.46 0.35
(158 (1520 (233 (235 (111) (0.69)
5th Year of Project 124 124 0.91 0.92 0.75 0.57
(299) (305 (268 (2720 (121) (0.76)
Expenditure Share of Imported Equipment 0.77 0.97 -6.64
(1.37) (2.149) (-0.78)
R? 024 027 023 026
wald y? 180.10 145.10

Notes: This table reports the estimates of equation (6). The dependent variable is the logarithm of project gross
profits relative to project size. All specifications include controls for human capital, firm age, sector and year. '2nd
year of project' is a dummy variable which equals to 1 if the data are for a project in its 2nd year. The omitted
category for the duration of project is the project's 1st year. See the notes to Table 4 for more detail about other
variables. There are 398 observations. t-statistics are in parentheses. In columns 1-2, standard errors are robust to
heteroscedasticity and serial correlation.



Table 7. Project Capacity Utilization

Pooled OLS Random-Effects  Hausman-Taylor
€ @) ©) ©) ©) (6)

State-owned Firm -0.18 -0.18 -0.17 -0.17 -0.39 -0.40
(-2.86) (-2.92) (-3.01) (-3.01) (-0.75) (-0.76)
Joint Venture -0.09 -0.10 -0.07  -0.09 -049 -054
(-0.76) (-0.85) (-0.88) (-1.06) (-0.39) (-0.41)
Bank Loan* State-owned Firm -0.26 -0.28 -0.20 -0.21 -1.79 -1.50
(-2.10) (-2.33) (-2.33) (-251) (-0.29) (-0.23)
Bank Loan*Collectively-owned Firm -0.01  -0.00 0.02 0.03 0.66 0.63
(-0.14) (-0.04) (0.17) (0.23) (0.27) (0.26)
Bank Loan*Joint Venture 0.10 0.13 0.07 0.10 -0.18 -0.27
(0.50) (058 (0.38) (0.59) (-0.04) (-0.06)
Log(Firm Profits / Fixed Assets), 0.04 0.04 0.03 0.03 0.19 0.13
(1.66) (134 (1520 (1.21) (0200 (0.12
L og(Firm Fixed Assets), 014 013 010  0.09 027 024
(194 (166) (225 (204 (031 (0.27)
Log(Firm Output), -0.09 -0.08 -0.06  -0.05 0.00 0.00
(-1.64) (-1.44) (-1.68) (-1.54) (0.58) (0.62)
Log(Firm Fixed Assets / Employment), -0.01  -0.02 -0.01 -0.02 0.05 0.03
(-0.33) (-052) (-0.19) (-0.41) (0.04) (0.03)
2nd Year of Project 0.07 0.07 0.07 0.07 0.11 0.11
(323) (323) (359 (359 (2.82) (2.86)
3rd Year of Project 0.09 0.09 0.12 0.12 0.21 0.21
(254) (263) (3200 (3200 (282 (2.86)
4th Year of Project 0.11 0.11 0.13 0.13 0.26 0.26
(215) (215 (258 (257) (2.36) (2.40)
5th Year of Project 0.19 0.19 0.16 0.16 0.34 0.35
(3750 (369 (235 (235 (206 (2.10
Expenditure Share of Imported Equipment 0.08 0.10 0.42
(0.85) (1.35) (0.212)
R? 029  0.30 028 029
wald y? 137.32  141.67

Notes: This table examines project capacity utilization. The dependent variable is the logarithm of project capacity
utilization rates. All specifications include controls for human capital, firm age, sector and year. See the notes to
Tables 4 and 6 for more detail about other variables. There are 346 observations. t-statistics are in parentheses. In
columns 1-2 standard errors are robust to heteroscedasticity and serial correlation.



