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Abstract

How does contract manufacturing /outsourcing affect productivity? Existing studies have conflicting empirical findings
regarding this issue. This paper aims to reconcile these conflicting findings in the literature by viewing the research question
through the lens of the property rights theory. The authors develop a moderated moderation model to empirically examine
how productivity is influenced by the interactions among contract manufacturing, competition, and suppliers’ productivity
spillover. Our model shows that though conflicting findings have been reported in the literature, each finding holds true under
certain conditions which are identified in our paper. In brief, contract manufacturing /outsourcing improves productivity
when suppliers’ productivity growth is above average and focal industry’s competition is at medium level. On the other
hand, if suppliers’ productivity growth is low, or focal industry’s competition is too high or too low, the impact of contract
manufacturing /outsourcing could be negative or not significant.

Keywords Contract manufacturing - Productivity spillover - Competition - Outsourcing

1 Introduction

Contract manufacturing is a supply chain arrangement where
a manufacturer outsources at least some of its production pro-
cesses to independent suppliers rather than undertaking those
processes in-house (Han et al. 2012; Strange and Magnani
2017; Kim and Schoenherr 2018). Published researches sum-
marized the benefits of contract manufacturing such as cost
reductions, better delivery quality, improved valued-added
services, and less fixed capital costs (Schilling and Steensma
2001; Broedner et al. 2009; Han et al. 2012).

Though contract manufacturing is often treated inter-
changeably with manufacturing outsourcing (Han et al.
2012), there exist distinguishing differences between them
(Chan and Chung 2002). More specifically, compared with
manufacturing outsourcing, contract manufacturing is char-
acterized as long-term relationship rather than arm-length
transaction, suppliers managing themselves rather than
being managed for performance, and top management rather
than purchasing department working with other partners. In
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this paper, following Chan and Chung (2002) and Han and
Porterfield (2012), we define contract manufacturing as a
form of outsourcing arrangement between arm of length
market transaction and strategic alliance between vertical
partners.

There are essentially two research strands on contract
manufacturing. The first line of research is concerned with
the factors that influence the choice of contract manufactur-
ing. For example, based on Porter’s five-force model and
value-chain analysis theories, Han and Porterfield (2012)
find that contract manufacturing is positively associated
with supplier industry’s competition level, and this positive
association is moderated by focal industry’s competition and
its IT investment. Besides, Cheng et al. (2014) show that
the level of contract manufacturing is positively associated
with supply-side heterogeneity and scale economies, and is
negatively associated with concentration levels in the focal
and downstream industries.

The second strand studies the impact of contract manu-
facturing on operational and financial performance. For
example, Cheng (2011) studies the impact of contract
manufacturing in the US manufacturing industries. It is
found that contract manufacturing has a positive impact
on product varieties, capital utilization, ROI, and ROA.
Cheng et al. (2012) find that contract manufacturing
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improves inventory efficiency. However, the impact of con-
tract manufacturing on productivity, which is a more com-
prehensive measure of performance, has not been studied
in the literature. This is the focus of our study.

In this paper, we study how manufacturing industries’
productivity improvements are influenced by their contract
manufacturing decisions. Based on data of 64 manufactur-
ing industries in a 10-year period (2009-2018), we obtain
the following two major findings.

First, contract manufacturing influences productivity
through its moderating impact on productivity spillover
from suppliers. It is found that when competition level
is medium, this moderating impact is positive and sig-
nificant. This indicates that in a moderately competitive
environment, higher contract manufacturing is associated
with higher benefits from suppliers’ productivity improve-
ment. On the other hand, when competition is too high or
too low, this moderating impact is not significant.

Second, contract manufacturing has different impacts
on productivity in different environments. This paper iden-
tifies the conditions under which contract manufacturing
has positive, negative, or no impact on productivity.

This paper contributes to the supply chain management
literature in several ways. First, while the literature on
contract manufacturing has found a positive connection
between contract manufacturing and inventory perfor-
mance (Cheng et al. 2012), no empirical work has been
done to study the impact of contract manufacturing on the
productivity, which is a more comprehensive measure of
manufacturers' performance.

Second, this study contributes to the outsourcing lit-
erature both theoretically and methodologically. Although
there is a strand in the outsourcing literature that studies
how outsourcing decisions affect productivities, empirical
findings in this strand are inconclusive. Researchers find
positive relationship (Girma and Gorg 2004; Gorg et al.
2008; Amiti and Wei 2009; Hijzen et al. 2010; Arvanitis
and Loukis 2013; Kar and Dutta 2018; Maziarczyk 2020),
negative relationship (Kotabe and Mol 2009; Broedner et al.
2009; Lee et al. 2019; Mazzola et al. 2019), and no statis-
tical significant relationship (Jiang et al. 2006; Capolupo
et al. 2017).

For example, Girma and Gorg (2004) studied UK manu-
facturing establishments and found a positive relationship
between labor productivity/multi-factor productivity and
outsourcing in chemical and mechanical industries but not
in electronics industries. Kotabe and Mol (2009) studied
Dutch manufacturing companies and found a negative cur-
vilinear relationship between outsourcing and return on
value-added. Gorg et al. (2008) investigated the impact
of outsourcing on Irish manufacturing industries and they
found a positive impact. Broedner et al. (2009) found that
outsourcing in the Germany manufacturing industries
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strongly negatively correlates with labor productiv-
ity because outsourcing reduces revenues or increases
expenses.

We contribute to the outsourcing literature both theo-
retically and methodologically. First, unlike other empiri-
cal studies in the literature that are primarily based on the
transaction cost economics (TCE) or resource based view
(RBV), we ground our hypotheses from the lens of the prop-
erty rights theory, which is mainly used in analytical models
in operations management (Tsay et al. 2018). As discussed
later, our empirical findings provide strong support in favor
of the property rights theory. This sheds light on the out-
sourcing literature as it highlights the importance of going
beyond ECE and RBYV, and viewing the impact of outsourc-
ing from multiple theoretical lenses (Lahiri 2016).

Second, existing empirical works in the literature use sim-
ple models based on the assumption that the impact of out-
sourcing on productivity is either constant or linear. We con-
tribute to the literature by presenting a more sophisticated
model, which includes contract manufacturing, competition,
suppliers’ technology improvements, and their interactions.
As aresult, our paper extends our understandings in the lit-
erature because it moves the literature to a more nuanced and
complex model that is closer to the reality.

Finally, our empirical results reconcile the conflict-
ing findings in the literature. As illustrated earlier, previ-
ous papers have found positive, negative, and no impacts
regarding how outsourcing affects productivity. As will
be explained later, our model finds that each of the three
impacts is just a special case in our model under certain con-
ditions. Our model also identifies the conditions under which
each special case holds true. This implies that previous stud-
ies took a partial view of a much larger picture. Therefore,
our study contributes to the literature by presenting a more
comprehensive view of how outsourcing affects productivity.

The remainder of this paper is structured as what follows.
Section 2 provides our theoretical basis and the hypotheses
of the study. Section 3 details our data collection and vari-
able definitions. In Sect. 4, we build our models and discuss
findings from empirical data analysis. Finally, Sect. 5 con-
cludes this study.

2 Theory and hypotheses development

Industries in a supply network are connected rather than iso-
lated from each other. Industries get benefit from their sup-
plier industries’ productivity improvement through knowl-
edge spillover and improved quality of parts or services
(Swink and Nair 2007; Azadegan and Dooley 2010). As a
result, one industry’s productivity growth may propagate
through supply network and influence its customer indus-
tries’ productivities. The literature showed strong evidence
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of productivity spillovers from supplier industries (Wolff
et al. 1993; Smarzynska Javorcik 2004; Paz 2014; Fatima
2016; Stoj¢i¢ and Orli¢ 2020). For example, using US
input—output data for years 1958—1987, Wolff et al. (1993)
found that a focal industry’s productivity growth is posi-
tively and significantly related to the productivity perfor-
mance of its supplier industries.

Hypothesis 1 Supplier's productivity growth is positively
associated with focal industry's productivity.

In this study, we propose that contract manufacturing
moderates the impact of supplier industries’ productivity
on the focal industry’s productivity. We build this hypothesis
on the property rights theory, which emphasizes that own-
ership matters (Grossman and Hart 1986; Hart and Moore
1990). According to the theory, the vertical boundary of a
firm determines the ex-ante investment incentives of differ-
ent parties involved. Figure 1 illustrates the idea.

The figure shows two scenarios. In scenario (A), firm i
performs backward integration with a division (i.e., division
j) operating in the supplier industry. In scenario (B), firm i
unbundles its supply chain and outsources the production of
parts to an independent firm (i.e., firm j) through contract
manufacturing.

According to the property rights theory, firm j in scenario
(B) may have higher incentive to invest to improve the qual-
ity of its products compared with division j in scenario (A).
The reason is that backward integration in scenario (A) may
reduce the investment incentive of division j, as division
j does not own assets and is therefore subject to hold-up
problem (Gibbons 2005). This idea is based on the property
rights theory and has been verified by previous analytical
and empirical studies. For example, Acemoglu et al. (2010)

Supplier Customer
(A) Division j Firm i
(B) Firm j Firm i

Fig.1 An illustration of firm boundaries. In sub-figure (A), firm i
performs backward integration with a division (i.e., division j) oper-
ating in the supplier industry. In sub-figure (B), firm i unbundles its
supply chain and outsources the production of parts to an independent
firm (i.e., firm j) through contract manufacturing

found that backward vertical integration (as in scenario (A))
is negatively and significantly associated with investment
incentive in R&D of suppliers (i.e., upstream divisions such
as division j).

As a result, contract manufacturing preserves the suppli-
ers’ incentives to make investment to increase productivity,
and therefore, increases the benefit a focal firm may receive
from its supplier industries’ productivity improvement.

Hypothesis 2 The impact of supplier industry’s productivity
on the focal industry’s productivity increases with contract
manufacturing.

Though in general contract manufacturing has a positive
moderating impact on the effect of suppliers’ productivity,
this moderating effect is influenced by the competition level
in the focal industry. More specifically, competition has two
conflicting impacts on contract manufacturing’s moderating
effects.

On the one hand, an increase in focal industry’s com-
petition has a positive impact on contract manufacturing’s
moderating effect for three reasons. First, manufactures’
competition increases suppliers’ incentive to innovate and
invest on relationship-specific assets. When focal industry
is dominated by only a few manufactures, suppliers have
low bargaining power and are subject to hold up problem.
As a result, suppliers have low incentive to innovate and
invest in relationship-specific assets. An increase in com-
petition increases suppliers’ bargaining power and reduces
their fear of hold up problems (Gibbons 2005), and therefore
increases their incentive to innovate. Second, competition
reduces manufacturer’s asset specialty and therefore reduces
transaction cost (Aghion et al. 2006). Finally, competition
may increase manufacturers’ incentive to innovate to take
advantage of suppliers’ productivity improvements.

On the other hand, an increase in focal industry’s com-
petition has a negative impact on contract manufacturing’s
moderating effect. As competition reduces focal industry’s
bargaining power and increases suppliers’ capability to
appropriate a larger share of quasi-rents, thereby reducing
the benefit of contract manufacturing.

When focal industry’s competition level is low, small
increase in competition does not change the focal indus-
try’s bargaining position, instead it increases suppliers’
incentive to innovate (Aghion et al. 2006). So, the positive
impact dominates the negative impact. In such a situation, an
increase in competition increases the moderating impact of
contract manufacturing on productivity spillover from sup-
pliers. However, when focal industry’s competition level is
increased above a certain level, suppliers have enough bar-
gaining power and therefore hold up problem is no longer a
big concern for them. In this situation, the negative impact
dominates the positive impact, because an increase in
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competition doesn’t significantly affect the suppliers’ incen-
tive issue as discussed earlier, however, it will dramatically
increase the likelihood of suppliers’ opportunistic behavior
in contract manufacturing setting, thereby reducing contract
manufacturing’s positive moderating effect. Therefore, we
hypothesize that there is a reversed u-shaped relationship
between competition and contract manufacturing’s moder-
ating effect.

Hypothesis 3 Contract manufacturing’s moderating effect
(as in Hypothesis 2) is higher when competition is at a
medium level than when it is at a very high or very low level.

Figure 2 shows the variables involved in the hypotheses
and their relationships. Note that in the figure dashed links
represent moderating effects.

3 Data and variables

3.1 Data

Following previous literature on contract manufacturing
(Schilling and Steensma 2001; Han et al. 2012; Cheng et al.
2012, 2014), we collect data at the industry level from the
sources below:

1. The annual survey of manufactures by US Census
Bureau

Input—output tables by Bureau of Labor Statistics
Labor productivity data by Bureau of Labor Statistics
Industry concentration data by US Census Bureau
Patent data from United States Patent and Trademark
Office

AR e

The Annual Survey of Manufactures reports financial
and operational data such as labor cost, cost of materials,
capital expenditures, shipments, inventory, expenditure on

Competition

Contract
Manufacturing

1
Supplier !
IndupsF:ries' A 4 Focal Industry's
Productivity H1 Productivity

Fig.2 Hypotheses. Note that in the figure dashed links represent mod-
erating effects
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contract work, IT investment, and so on. Since this survey
covers all manufacturing establishments with at least one
paid employee, it provides a very comprehensive view of
the US manufacturing industries.

We obtained annual USE matrix from BLS (Bureau
of Labor Statistics) input—output tables. The USE matrix
contains data on the value of products from every supplier
industry consumed by every customer industry.

For years ending in 2 and 7 (e.g., year 2007 or 2012), US
Census Bureau reports manufacturing industries’ concen-
tration levels measures by their HHI (Hirshman Herfindalh
Index) values which range between 0 and 1. We choose the
data in year 2012 as it is the only one within the period of
our study. As of December 2021, the concentration data for
year 2017 has not been released yet.

These data sources report industries at different detail lev-
els. BLS input—output include industries at 4-digit NAICS
levels, while other sources report industries at 4- to 6-digit
NAICS levels. After we match data from these sources, we
calculate variables used in our models, as described next.
Finally, we have a panel of 584 observations that involve
64 manufacturing industries at the 4-digit NAICS level in
10 years (2009-2018).

3.2 Measures of variables
3.2.1 Dependent variable

Our dependent variable is growth in labor productivity,
which is directly obtained from BLS. According to BLS
(2017), the growth in labor productivity in year ¢ is calcu-
lated as:

Yt — Qt Lt
Qt—l Lt— 1

-1

where Q is revenue deflated by price index, L is total hours
worked.

3.2.2 Independent variables

Contract manufacturing Previous literature (Han et al.
2012; Cheng et al. 2012, 2014) measures contract manufac-
turing for each industry as its expenditure on contract work
divided by its total cost of materials. However, the calculated
contract manufacturing ratio is highly skewed to the right
(skewness =1.6). Therefore, we take natural log of it, which
reduces its skewness to 0.15.

Competition Following the competition literature (Giroud
and Mueller 2010; Han et al. 2012; Mubeen et al. 2020), we
use industry concentration to proxy for competition. Accord-
ing to the literature, a high (low) industry concentration
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value indicates a low (high) competition environment. A
commonly used measure of industry concentration is Hirsh-
man Herfindalh Index (Golan et al. 1996).

We first collect industry Hirshman Herfindalh Index (HHI)
data from US Census Bureau. We then follow Giroud and
Mueller (2010) and Rakestraw (2020) by sorting industries
into three groups (i.e., bottom one third for low concentra-
tion, middle one third for medium concentration, and top one
third for high concentration) based on their HHIs. Finally,
we generate three dummy variables to reflect industries’
competition levels. More specifically, H is the dummy vari-
able equal to one if the focal industry is in the high com-
petition (i.e., low concentration) group. Similarly, L (low
competition) and M (medium competition) are the dummy
variables equal to one for industries in the high and middle
concentration groups respectively.

Suppliers’ productivity growth For focal industry i, its sup-
plier productivity growth in year ¢ is the weighted average of
its suppliers’ productivity growth (Wolff et al. 1993):

S = Z Ujitht
y = _
[ J# Zk;eiUlm

In the equation above, Yjt is the productivity growth of
supplier industry j in year ¢. Ujit is the value of products
provided by industry j and consumed by the focal industry.
24Uy, 1 the total purchase of the focal industry from its
supplier industries. So, Uj;,/ N 2Uiy) indicates the impor-
tance level of supplier industry j to the focal industry as a
supplier.

3.2.3 Control variables

Innovation Following the innovation literature, we date
patents using their application years and then use the count
of patents granted to each industry as a proxy for industry
innovation. When matching patent data with industry-level
data, we follow the literature (Consoli et al. 2016; Lechner
et al. 2016; Levine et al. 2017) and use the concordance from
the International Patent Classification (IPC) to the 4-digit
NAICS provided by Lybbert and Zolas (2014). Finally, for
each industry in each year we calculate its innovation growth
as P, /P;,_y — 1, where P, is the count of patents granted to
industry i within application year ¢.

Unionization We control for increase rate of unioni-
zation in the model as it may influence manufactur-
ers’ decisions to outsource and therefore the impact

of outsourcing/contract manufacturing (Kotabe et al.
2007). Unionization is defined as union membership
divided by total employment (Han et al. 2012) in each
industry. We obtained the corresponding data from
Union Membership and Coverage Database (Hirsch and
Macpherson 2003).

Market growth and uncertainty We also control for each
industry’s growth rate and demand uncertainty in the model.
More specifically, we follow Keats and Hitt (1988) and ran
the following regression:

In(Y;,)=a+b-t

where Y, is the sales of industry i in year ¢. For each indus-
try in each year, we run regression based on the industry’s
annual sales in the past 5 years. Growth rate is the estimate
of the regression slope b and demand uncertainty is the
standard error of b.

Growths of material input and capital intensity We fol-
low the literature (e.g., Girma and Gorg 2004; Amiti and
Wei 2009) and include annual growth rates of material input
and of capital intensity as control variables. Both variables
are directly from the labor productivity dataset from Bureau
of Labor Statistics.

Table 1 summarizes the variables in their original values
and their correlations in their original.

As shown in the table, average contract manufacturing
is around 3% of total material purchase, which is con-
sistent with prior studies (e.g., Han et al. 2012; Cheng
et al. 2012). Labor productivity growth, the dependent
variable, is significantly correlated with three independ-
ent variables: suppliers productivity growth, innovation,
and material input growth. However, only regression can
tell which independent variables have significant impacts.

On the other hand, we see some significant correla-
tions among independent variables. For example, contract
manufacturing has strong and negative correlations with
concentration (HHI), and union rate. These strong cor-
relations among independent variables raise the concern
of multi-collinearity issue in our model. Therefore, we
calculate VIF (variance inflation factor) for each independ-
ent variable and each is well below 5. This indicates that
multi-collinearity is not an issue in our model (James et al.
2013).

For each dependent variable or independent variable
mentioned above, we first winsorize it at levels 2% and
98%, and then standardize it by (1) subtracting its mean
from each value and (2) dividing each value by its standard
deviation.
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4 Model and results
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Table 2 Notation list

Notation Description Section
Y, Growth of labor productivity 3.2.1
Ciiy Contract manufacturing (lagged by one year) 322
S Suppliers’ labor productivity 322
H; A dummy variable set to 1 if the focal industry is in the high competition tercile 322

L A dummy variable set to 1 if the focal industry is in the low competition tercile 322
M; A dummy variable set to 1 if the focal industry is in the medium competition tercile 3.2.2
Z, A vector of control variables 323

F; Industry fixed effect

F Time fixed effect

is not supported. However, ¢, is positive and significant (at
p=0.01 level) in column (3), indicating that Hypothesis 2
is supported for industries with medium competition levels.
Note that ¢, has different meanings in column (2) and col-
umn (3). In column (2), 8, represents contract manufactur-
ing’s moderating effect on the impact of supplier industries’
productivity growth for all industries and is therefore related
to Hypothesis 2, while in column (3) §, is the moderating
effect for industries in the medium competition group (i.e.,
M =1). More specifically, the moderating effect of contract
manufacturing on the impact of supplier industries’ produc-
tivity growth is:

9 (%) _ H +y,L+6
aci,t—l aSit _yl ! 72 ' !

71 + 6, H; = 1(high competition)
=1 ¥, + 6, L; = 1(low competition)
o, M; = 1(medium competition)

In other words, &, represents the moderating effect of con-
tract manufacturing when the focal industry’s competition is
moderate. Here, y, (or y,) is the difference in the moderating
effects between the high (or low) competition group and the
medium competition group.

In column (3), 6, is positive and significant (at p=0.01
level), which implies that contract manufacturing’s moder-
ating effect is positive and significant for industries in the
medium competition group. On the other hand, y, and y, are
both negative and significant (at 0.01 and 0.05 level respec-
tively). This means that the moderating effects of contract
manufacturing is significantly lower in the high and low
competition groups than that in the middle competition
group. Therefore, Hypothesis 3 is supported.

Table 4 shows the empirical estimates of contract man-
ufacturing’s moderating effect in different competition
groups. Note that the estimate for medium competition group
is directly from 6, in Table 3. For the estimate for high com-
petition group, we run a regression on a model like Eq. (1)
but with L; and M, included and H; dropped. The estimate

for low competition group is obtained similarly. As shown
in the table, contract manufacturing’s moderating effect is
positive and significant when competition is medium, but it
is not significant in the high or low competition group.

Based on Table 4, we draw in Fig. 3 the estimates of con-
tract manufacturing’s moderating effects when competition
is in low, medium, and high levels, and their 95% confi-
dence intervals. It is clear from the figure that as competition
increases, contract manufacturing’s moderating effect first
increases and then decreases, indicating a reversed u-shaped
relationship between competition and the moderating effect
of contract manufacturing.

This result is consistent with Aghion et al. (2006) who
found a u-shaped relationship between competition and
vertical integration: when competition level is low, an
increase in competition reduces firms’ vertical integration;
but when competition level is high, an increase in competi-
tion increases firms’ incentive to become more vertically
integrated.

4.3 Productivity spillover from suppliers

From Eq. (1), the impact of suppliers’ productivity growth
on focal industry’s productivity is

Y,
3s, =p+1CiiH;

+ 712G Li +6,Ci g + 64H; + 65L;

Bo+1Ciyy+é, H=1
=3b+nC,+6 Li=1
Br+06,Ciyy M; =1

In the equation above, the marginal effect of suppli-
ers’ productivity growth on focal industry’s productivity
growth (0Y;,/9S;,) is determined by contract manufacturing
(C;,—1), and competition levels. We calculate the estimates
of 0Y;,/0S,, as a function of C;,_; when competition level is
low, medium, and high respectively, as well as their 95%
confidence intervals. Then we plot 0Y;,/dS,, in Fig. 4 to
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Table 3 Regression results

ey (@) 3
Contract Manufacturing p 0.037 0.034 0.056
(0.022)  (0.022)  (0.035)
Suppliers’ Productivity B, 0.083" 0.085" 0.169"
(0.035)  (0.034) (0.071)
H p;  0.009 0.009 -0.0002
(0.046)  (0.046)  (0.044)
L By 0.050 0.051 0.040
(0.055)  (0.055) (0.061)
Contract Manufacturing X 71 -0.323"
Suppliers’
Productivity x H (0.115)
Contract Manufacturing X 2 -0.207"
Suppliers’
Productivity XL (0.093)
Contract Manufacturing X o, 0.048 0.225™
Suppliers’
Productivity (0.035)  (0.083)
Contract ManufacturingxH 6, -0.020
(0.058)
Contract Manufacturing XL 63 -0.034
(0.046)
Suppliers’ Productivity x H Oy 0.006
(0.104)
Suppliers’ Productivity X L ds -0.123
(0.089)
Innovation 0.051 0.052 0.054
(0.034)  (0.035) (0.034)
Uncertainty -0.013 -0.015 -0.021
(0.033) (0.032) (0.032)
Growth -0.188"" -0.189"™" -0.190""
(0.033) (0.033) (0.033)
Unionization -0.016 -0.016  -0.017
(0.029) (0.029) (0.029)
Material Input Growth 0.753"" 0753 0.743"™
(0.047)  (0.048)  (0.048)
Capital Intensity Growth 0.663  0.660""  0.657"
(0.039)  (0.039) (0.040)
Constant 0.008 0.007 0.016
(0.034)  (0.034) (0.037)
Observations 584 584 584
R? 0.496 0.500 0.517
Adjusted R? 0.487 0.490 0.502

Robust standard errors in parentheses

“p<0.05; “p<0.01; "p<0.001

Fig. 6. In those figures, the x axis is contract manufactur-
ing, and the y axis is the marginal impact of suppliers’
productivity growth. Labels 25%, 50%, and 75% represent
the 25th, 50th, and 75th percentiles of contract manufac-
turing. Note that for 9Y;,/dS,, to be significant, the 95%
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Table 4 Contract manufacturing's moderating effect in different com-
petitive environments

Coefficient Robust Std Error
Low competition (L=1) 0.018 0.040
Medium competition (M= 1) 0.225 0.083"
High competition (H=1) —-0.098 0.082

* p<0.01

confidence interval should be strictly above or below the
x axis. In other words, O cannot be included in the 95%
confidence interval.

When competition level is low (Fig. 4), 0Y;,/9S;, = 0 is
always included in the 95% confidence interval. This indi-
cates that when competition is low, suppliers’ productivity
growth does not have a significant impact on focal indus-
try’s labor productivity. There are many possible reasons.
For example, with low competition the focal industry has
low incentive to take advantage of suppliers’ productivity
improvements. Previous studies also find that when competi-
tion is low firms are more likely to be vertically integrated
(Aghion et al. 2006), which reduces the impact of (external)
supplier industries’ productivity growth.

When competition is medium (Fig. 5), suppliers’ produc-
tivity spillover (0Y;,/0S,,) is initially negative and significant
when contract manufacturing is below the third percentile
(marked by the first dashed line). This implies that indus-
tries with extremely low contract manufacturing do not get
benefit from suppliers’ productivity growth due to missed

-0.2

Low Middle High

Fig.3 Contract manufacturing's moderating effect in different com-
petitive environments
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Impact of Suppliers' Productivity Improvement

024 Contract Manufacturing

25% 50% 75%

Fig.4 The impact of suppliers’ productivity improvement when competition level is low

opportunity. However, the percentage (i.e., 3%) is too low  indicated by the upward line. This positive slope (§,) is
to be statistically meaningful. statistically significant at 0.01 level as shown in Table 3.

On the other hand, suppliers’ productivity spillover  In other words, contract manufacturing increases the
(0Y,,/0S,;,) increases with contract manufacturing as  benefits received from suppliers. In the figure, when

Fig.5 The impact of suppliers’ T '
productivity improvement when 3%E 45%5
competition level is medium

Impact of Suppliers' Productivity Improvement

Contract Manufacturing

25% 50% 75%
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contract manufacturing is greater than its 45" percentile
(indicated by the second dashed line), the 95 percent
confidence interval is strictly above the x axis. This
indicates that suppliers’ productivity growth has a sig-
nificant and positive impact on focal industry’s produc-
tivity when the focal industry’s contract manufacturing
ratio is not too low. On the other hand, when contract
manufacturing is between its 3rd percentile and its 45th
percentile, productivity spillover from suppliers has no
significant impact.

An implication from the increasing line in Fig. 5 is that
the greater the suppliers’ productivity improvement, the
more benefits from contract manufacturing for industries
with medium levels of competition. This is consistent with
the property rights theory which states that if suppliers’
innovation is important to the focal industry’s growth, the
focal industry needs to outsource the corresponding pro-
ductions to supplier industries rather than making those
parts internally (Acemoglu et al. 2010; Frésard et al.
2020).

When competition level is high (Fig. 6), the estimate
of 0Y,,/0S,, is a downward line. However, this negative
slope is not significantly different from zero as shown in
Table 4. This implies that contract manufacturing may
not have a significant impact on productivity spillover
from suppliers. In the figure, dY,/dS, is positive and
significant when contract manufacturing is between
its 24" and 73" percentiles, and non-significant else-
where. This indicates that when competition level is
high, industries still manage to take advantage of sup-
pliers’ productivity growth, but not through contract
manufacturing.

4.4 Discussion

As discussed in Sect. 1, previous studies have reported con-
flicting findings regarding the impact of outsourcing on pro-
ductivity. Outsourcing was shown by these studies to have
positive, negative, or no impact on productivity. Next, we will
show that each of these findings is associated with a partial
view of the entire picture. In other words, we will derive the
conditions under which contract manufacturing/outsourcing
has positive, negative, or no impact on labor productivity.

The calculation and plotting process is similar to that in
Sect. 4.3. The only difference is that rather than looking at
0Y,,/0S,,, we examine dY;,/dC;,_,, the marginal impact of con-
tract manufacturing on labor productivity. From Eq. (1), the
impact of contract manufacturing on productivity is

a0y,
aci,t—l

=By + 1S, H,

Bi+nSy+6, H=1
=3B +1S,+6 Li=1
ﬁl + 5ISit Mi = 1

Then in Fig. 7 we plotdY;,/0C;,_; as a function of S, (i.e.,
suppliers’ productivity growth) when competition level is low,
medium, and high respectively, as well as their 95% confidence
intervals. In each sub-figure, the x axis is supplier industries’
productivity growth, and the y axis represents the marginal
impact of contract manufacturing on focal industry’s produc-
tivity growth. Labels 25%, 50%, and 75% represent the 25th,
50th, and 75th percentiles of suppliers’ productivity growth.

Fig.6 The impact of suppliers’ 0.91
productivity improvement when
competition level is high

0.61

0.31

Impact of Suppliers' Productivity Improvement

24% 73%

Contract Manufacturing
h
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Low Competition

Impact of Contract Manufacturing

Suppliers' Productivity Improvement
25% 50%  75%

- 1
1.5 Medium Competition 16% 53%

1.01

0.51

- ————————-Ta

Impact of Contract Manufacturing

! Suppliers' Productivity Improvement

25%  50% 75%

High Competition

Impact of Contract Manufacturing

Suppliers' Productivity Improvement
25% 50%  75%

Fig. 7 The impact of contract manufacturing
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Table 5 Regression results (alternative measure of concentration)

ey (@) 3
Contract Manufacturing p 0.037 0.034 0.056
(0.022)  (0.022)  (0.035)
Suppliers’ Productivity B, 0.083" 0.085" 0.169"
(0.035)  (0.034) (0.071)
H p;  0.009 0.009 -0.0002
(0.046)  (0.046)  (0.044)
L By 0.050 0.051 0.040
(0.055)  (0.055) (0.061)
Contract Manufactur- 7 -0.323"
ing X Suppliers’
Productivity x H (0.115)
Contract Manufactur- 2 -0.207"
ing X Suppliers’
Productivity XL (0.093)
Contract Manufactur- o, 0.048 0.225™
ing X Suppliers’
Productivity (0.035)  (0.083)
Contract ManufacturingxH 6, -0.020
(0.058)
Contract Manufacturing XL 63 -0.034
(0.046)
Suppliers’ Productivity x H Oy 0.006
(0.104)
Suppliers’ Productivity X L ds -0.123
(0.089)
Innovation 0.051 0.052 0.054
(0.034)  (0.035) (0.034)
Uncertainty -0.013 -0.015 -0.021
(0.033) (0.032) (0.032)
Growth -0.188"" -0.189"™" -0.190""
(0.033) (0.033) (0.033)
Unionization -0.016 -0.016  -0.017
(0.029) (0.029) (0.029)
Material Input Growth 0.753"" 0753 0.743"™
(0.047)  (0.048)  (0.048)
Capital Intensity Growth 0.663  0.660""  0.657"
(0.039)  (0.039) (0.040)
Constant 0.008 0.007 0.016
(0.034)  (0.034) (0.037)
Observations 569 569 569
R? 0.495 0.498 0.513
Adjusted R? 0.486 0.488 0.497

Robust standard errors in parentheses

“p<0.05; “p<0.01; "p<0.001

As shown in the figure, when competition is low (as in
the top sub-figure) or high (as in the bottom sub-figure)
0Y,;/0C;,_; = 0 is always included in the 95% confidence

interval, which means contract manufacturing doesn’t have
significant impact on labor productivity.

@ Springer

When competition is medium (as in the middle sub-fig-
ure), contract manufacturing is negatively associated with
productivity when suppliers’ productivity growth is less than
its 16™ percentile. This means that outsourcing to industries
that have low productivity improvements may negatively
affect focal industry’s productivity. On the other hand, in
the same sub-figure, contract manufacturing is positively and
significantly associated with productivity when suppliers’
productivity growth is above its 53rd percentile. This means
that the two necessary conditions for contract manufacturing
to improve labor productivity are (1) that supplier industries
have higher-than-average growth rates in labor productivity
and (2) that competition level should be medium.

Figure 7 shows the conditions under which contract
manufacturing has positive, negative, or no impact of pro-
ductivity. To put it in another way, each previous finding
in the literatures is a special case in Fig. 7, and our model
reconciles previous conflicting findings as it provides a much
more comprehensive view of the entire picture.

4.5 Robustness check

We have built and tested our primary model of contract
manufacturing and labor productivity. We then assess the
robustness of our results.

In our primary model we used Herfindahl-Hirschman
Index (HHI) to measure concentration and competition.
Another popular measure to serve the same purpose is four-
firm concentration ratio which is the total market share of
the largest four firms in the industry (Dorn et al. 2017). We
replace HHI by four-firm concentration ratio reported by
the US Census Bureau, and then divide industries into three
groups (high competition, medium competition, and low
competition) based on their four-firm concentration ratios.
As shown in Table 5, our regression results still hold.

5 Conclusion

In this study, we examine the relationships among con-
tract manufacturing, productivity spillover, and compe-
tition. We find that although contract manufacturing in
general doesn’t have significant impact on labor productiv-
ity, it moderates the impact of productivity spillover from
suppliers. When competition level is medium, contract
manufacturing significantly increases the benefits a focal
industry receives from its suppliers’ productivity improve-
ments. However, when competition level is high or low,
contract manufacturing doesn’t help focal industry to take
advantage of that.

This research has implications for top managers’ verti-
cal scope decisions. It shows that there is a significant
interaction among three factors: contract manufacturing,



Contract manufacturing, market competition, and labor productivity in US manufacturing... 389

suppliers productivity spillover, and competition. Con-
tract manufacturing improves labor productivity through
its moderating impact on productivity spillovers from
suppliers.

For contract manufacturing to improve labor productiv-
ity, two conditions must be both satisfied: (1) the industry
in which the firm operates has medium competition level;
and (2) productivity spillover from suppliers is significant
(i.e., suppliers have great productivity improvements). The
second condition implies that the dynamic environment
faced by suppliers may reduce the effect of contract manu-
facturing on focal industry, as it increases the uncertainty
about suppliers’ productivity growth. If at least one of
the two conditions is not met, top managers may need to
consider other vertical structures such as becoming more
vertically integrated, if improving productivity is their
goal with high priority.

As stated earlier, in this paper we extend the contract
manufacturing/outsourcing literature by examining a
more realistic and complex environment, compared with
existing papers. However, our model is still a simplifica-
tion of the reality. For example, in the study we take a
static view of suppliers’ productivity growth, treating it
as exogenous. This assumption holds in the short term.
However, in the long run suppliers’ productivity growth
could be endogenous as it might be influenced by the con-
tract manufacturing decisions made by firms in the focal
industry. Similarly, the variable that represents firms’
contract manufacturing decisions is also endogenous in
a more dynamic environment. Future studies can extend
our model by using panel VAR (vector autoregression)
models (Abrigo and Love 2016; Sigmund and Ferstl 2021)
to study the dynamic relationships among three dependent
variables: productivity growth, contract manufacturing or
outsourcing, and suppliers’ productivity growth.

Another limitation in the study is due to time range of
our data (i.e., up to year 2018), we do not consider the
impact of COVID-19 pandemic in our model. New studies
have shown that the outbreak of the COVID-19 pandemic
has disrupted supply chains and negatively affected firms’
performances (Atayah et al. 2021; Chowdhury et al. 2021),
and as a result the relationships studied in the paper might
be influenced by the pandemic. Therefore, a study that
examines how COVID-19 affects the impact of outsourc-
ing/contract manufacturing on productivity is desirable.
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