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Multiple Options for Appropriation 
Mechanisms in a Business Environment 
and Implications for Policy 

Kyoo-Ho Park* 

Abstract
Appropriation is essential for innovators to succeed. Traditionally, among various appropriation mechanisms, 
patents and secrecy have received attention, and the differential role of patents has been highlighted accord-
ing to different industries or sectors. These discussions give a rough idea, however, and do not yield concrete 
directives for strategies in the context of innovation management. This paper describes an analysis of the ef-
fect of a firm’s position within the value chain and the objectives of innovative activities with appropriation 
mechanisms. Multivariate analysis of diverse appropriation mechanisms using Korean innovation survey 
data revealed a specific combination of mechanisms and significant determinants in the context of objectives 
of innovative activities.
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1. INTORDUCTION

Appropriation is essential for innovators to innovate. Innovation studies have focused on these as-
pects for a long time, particularly on the nature of knowledge related to appropriation. In addition, 
they have tackled directly the various mechanisms of appropriation, such as patents and secrecy. 
Although these studies have centered mainly on short-term appropriation, they also have highlight-
ed the meaning of appropriation mechanisms and the importance of appropriation. 

This previous research has some limitations, however, in terms of not considering the diversity of 
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appropriation mechanisms and the fact that firms usually make rational decisions about a proper 
mechanism given a specific business context. Innovation does not occur in a vacuum. Rather, it is 
done in a specific way with specific goals in a specific environment. These features hint at the need 
for more plentiful studies. This paper adds to the literature by considering that selection of a specific 
mechanism is one of multiple choices innovative firms make, based on their position in the specific 
business context, including the firm’s position within the value chain. In addition, the nature of in-
novative activities associated with an appropriation mechanism can be captured by analyzing the 
effect of the objective of the firm’s innovative activities. 

We used the results of a 2005 Korean innovation survey done by the Science and Technology Pol-
icy Institute (STEPI) in Korea. The method of multivariate analysis, in particular the multivariate 
probit model, was applied to consider the multiple choices made in reviewing each appropriation 
mechanism simultaneously. In this vein, this paper also analyzes the effect of the specific busi-
ness context and the nature of innovation pursued by innovative firms upon using an appropriation 
mechanism, and how innovative firms mix these mechanisms to appropriate their innovative out-
put. This paper is organized as follows: Section 2 presents a review of the previous literature and 
limitations of these studies and the important determinants that are the focus of this paper. Section 3 
presents data, basic statistics, and the methodology deployed. Section 4 gives the estimation results 
and their meaning. Finally, section 5 provides the discussion and conclusion. 

2. PREVIOUS WORK AND LIMITATIONS 

In this section, we examine previous studies and present directions to pursue for a better compre-
hension of the use of appropriation mechanisms. 

2.1. Brief Review of Previous Literature
Patents comprise one appropriation mechanism that has received much more emphasis than any-
thing else. If we limit previous literature mainly to the discussions on patents, two study categories 
emerge (Park, 2013). The first is relatively early compared to the second, and these early studies try 
to understand the effectiveness of patents as an appropriation mechanism and under which condi-
tions a patent is effective (Levin Klevorick, Nelson, & Winter, 1987; Cohen, Goto, Nagata, Nelson, 
& Walsh, 2000). Their results suggest that a patent is not an effective appropriation mechanism and 
not a major mechanism even in large corporations engaged in massive patenting activities. In addi-
tion, use of patents has gone beyond the traditional incentive role through preventing competitors 
and being sued to becoming a so-called bargaining chip. The role of patents varies according to 
industry, typically between a discrete product industry such as the chemical industry and a complex 
product industry such as the electronics industry.

The recognition that patenting activities are to be strategic in nature from the business perspective 
and that using patents has expanded beyond the traditional areas has generated the second group 
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of studies. These reports focus on the determinants of patenting activities or factors influencing 
patenting activities, factors that can be summarized as external and internal. External factors are 
the differences in technological opportunities in each sector (Brouwer & Kleinknecht, 1999), the 
differences in national system and practice (Cohen et al., 2002), and the characteristics of a patent 
system and the technological competence of competitors (Harabi, 1995). Internal factors are firm 
size, innovation strategy, and ways of innovating (Brouwer & Kleinknecht, 1999; Arundel, 2001; 
Peeters & Potterie, 2006). 

The limitations of previous studies can be summarized as follows. First, they assumed that the 
selection and use of some appropriation mechanism occurs independently of other choices. There-
fore, these studies mainly focused on finding the most effective mechanism among diverse options. 
Second, even though they comprehend the difference and their differential role in each mechanism, 
in particular for patents, the considered factors are usually rough. It is not easy to derive concrete 
implications from making strategies  in the view of innovation management. 

Therefore, the framework for analyzing use of an appropriation mechanism, we think, must shift 
from a focus on individual choice to a focus on multiple choices involving diverse mechanisms 
simultaneously. At the same time, the nature of the innovative environment and of innovation itself 
should be considered to comprehend the use of appropriation mechanisms.. 

2.2. Multiple Choices
Innovative firms make a rational decision based on their recognition of the external environment 
and internal capability. In doing this, they usually review all of the mechanisms or tools they can 
select to maximize innovative returns. This approach also can apply to selecting an appropriation 
mechanism. When selecting a mechanism, the suitability for protecting or using innovative output 
including each benefit and cost is calculated for each option. Therefore, it is more plausible that se-
lection of a specific mechanism results from this process of multiple consideration, rather than from 
independent consideration irrespective of other mechanisms. In other words, selection and use of a 
specific appropriation mechanism is the result of multiple choices.

To our knowledge, the recent literature dealing with these kinds of characteristics consists of Galia 
& Legros (2004) and Amara, Landry, & Traore (2008). Galia & Legros (2004) analyzed the rela-
tionship among the barriers to innovation that firms face. Amara et al. (2008) analyzed how knowl-
edge-intensive business services protect their invention when choosing among various protection 
mechanisms. These reports share the fact that the objects to be analyzed are related to each other, 
and the authors try to analyze this relationship with the technique of multivariate analysis. 

Appropriation mechanisms can be divided into the formal and informal. A formal mechanism is 
related to legal rights and usually includes patent, utility model, design rights, and trademark. An 
informal mechanism is not related to legal rights but is related with the way of using the innovative 
output and can be controlled more easily than formal approaches. Informal mechanisms include 
secrecy, complex design, and lead time (market preemption). Firms simultaneously consider the 
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nature of these mechanisms and select one or a mix of them. 

The possibility of building a mix of each appropriation mechanism generates the issue of comple-
mentarity and substitutions between the choices, whether formal or informal, as indicated by Galia 
& Legros (2004) and Amara et al. (2008). In addition, in case of complementarity, the level of 
complementarity can be significant because it is plausible for each mechanism to reinforce the other 
when we consider them conceptually. 

2.3. The Nature of the Innovative Environment and Innovation as Important Determinants
This section presents important determinants of use of an appropriation mechanism to be consid-
ered from the perspective of management innovation. An innovative environment that firms face 
can limit the scope of choices. In a similar way, a technological regime limits the nature of prob-
lems related to innovation and ways of solving problems. A different environment makes firms 
pursue different ways of innovation and accordingly different uses of an appropriation mechanism. 
At the same time, the nature or meaning of innovation to innovative firms is also important because 
an innovative activity itself is not the aim but rather is just one of several business activities from 
the perspective of firms. Therefore, the essential question becomes why they innovate or what they 
want with innovation. This question can shape the method of innovation and selection of an appro-
priation mechanism. 

Among diverse innovative environments, the most important factors are industry (or sector) and the 
firm’s position in its specific value chain. These factors can determine the recognition of firms, the 
available resources necessary to innovate, and further ways of innovation and the types of goods 
and services firms provide. The position within a value chain can be separated into material produc-
tion, intermediate goods producing capital goods, final products yielding consumption goods, and, 
finally, service after sales are complete. The fact that firms are in a specific position in this chain can 
influence the methods of innovation and the use of an appropriation mechanism.

The reason a firm innovates or what firms want from innovation can be captured by recognition 
of the objectives of technologically innovative activities. The objectives can be diverse but can be 
summarized as follows, as reflected in the Korean innovation survey. (1) Substitution of old-fash-
ioned products; (2) product diversification; (3) market share increase; (4) opening up new markets; 
(5) style and design improvement; (6) reflection of consumers' needs; (7) environment-friendly 
goods (services) development; (8) quality improvement of products; (9) flexibility increase; (10) 
production capacity increase; (11) labor cost reduction; (12) other cost reduction (raw materials, en-
ergy, etc.); (13) improvement in production time; (14) industrial technology standards (ISO, etc.); 
(15) logistics and delivery time improvement; (16) networking among departments; (17) sharing 
knowledge/information among departments; (18) response to the diverse needs of customers; (19) 
relationship with customers; (20) effectiveness of routine works; (21) work environment/safety 
improvement; and (22) domestic/international regulation (STEPI, 2005). These objectives can be 
grouped to estimate their effect on using an appropriation mechanism. 
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3. DATA AND METHODOLOGY 

3.1. Data
Here we use the results of the Korean innovation survey done in 2005 by the Science and Technol-
ogy Policy Institute in Korea. This survey was approved by the Korea National Statistical Office as 
Designated Statistics under the Statistics Law and aimed at analyzing the technological innovation 
of manufacturing firms. The definition and methodology of the survey are based on the revised edi-
tion of the Oslo Manual. The revised edition of the Oslo Manual defines innovation in a broad man-
ner, where organizational and marketing innovations as well as technological innovation are also 
included. However, the survey mainly focuses on technological innovation, although it also covers 
issues related to organizational and marketing innovation (STEPI, 2006). We have data from 1457 
firms when we limit the survey result to responses to the entire appropriation mechanisms–related 
question. 

Table 1 gives a brief overview of variables. The mostly frequently used mechanisms were secrecy, 
patent, and lead time (market preemption). A total of 58.3 percent of firms used secrecy as an ap-
propriation mechanism, and 57.5 percent and 57.9 percent used patent and lead time (market pre-
emption), respectively. Meanwhile, 51.4 percent of firms employed a utility model to protect their 
innovative output. However, the rate of use in case of design, trademark, and complex design was 
not high compared to other mechanisms. 

The position within the value chain can be captured by the question included in the Korean innova-
tion survey. The question asks where a firm’s products belong among raw materials, intermediate 
goods (service), final products, and services. In this question, intermediate goods (services) are 
defined as goods (services) that are not the products directly used by consumers but that are used in 
producing other final goods and services. In case of various types of products, firms can designate 
the position according to the size of each product. Applying this result, we use only the first position 
within a value chain designated by firms and regard it as each firm’s primary position in this paper. 
As a result, only 4 percent of firms did business at the position of raw material and 0.9 percent of-
fered a service-related position as their primary role.1 The majority of firms belonged to the inter-
mediate goods and final products positions, 42 percent to the intermediate goods, and 52 percent to 
final products. 

In case of objectives of innovative activities, 22 objectives represented already are grouped by 
the technique of principal component analysis for the estimation to be feasible. Three groups are 
generated and can be interpreted as production-related, organization-related, and market-related 
objectives. But these groups do not exclude each other. That is, some firms can belong to multiple 
groups, indicating that they pursue production-related objectives and market-related objectives at 

 1 This finding is expected because this survey targets mainly manufacturing firms. 
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the same time. As a result, we found that 60.3 percent of firms pursued market-related objectives 
when they did innovative activities and that while 57.1 percent pursued production-related objec-
tives, 57.8 percent of firms had objectives related to organization. 

Size is calculated as the logarithm of the number of employees, and R&D intensity is calculated as 
the percentage of R&D expenditure, compared to total sales. R&D intensity ranged from 3 percent 
to 27.7 percent in this analysis. 

Table 1. basic statistics

Variable Obs Mean Std. Dev. Min Max

Patent 1457 0.575841 0.494384 0 1

Utility 1457 0.514756 0.499954 0 1

Design 1457 0.396019 0.489236 0 1

Trademark 1457 0.428277 0.494999 0 1

Secrecy 1457 0.583391 0.493166 0 1

Complex design 1457 0.356211 0.479043 0 1

lead time 1457 0.579959 0.493735 0 1

Material 1457 0.042553 0.201917 0 1

Intermediate 1457 0.425532 0.494593 0 1

Final 1457 0.52162 0.499704 0 1

Service 1457 0.009609 0.097586 0 1

Production 1457 0.571036 0.495098 0 1

Organization 1457 0.578586 0.493955 0 1

Market 1457 0.603294 0.489382 0 1

Size 1453 4.795014 1.250164 2.302585 10.13452

Rnd intensity 1454 0.037643 0.27796 0 7
* We also calculated inter-correlations between each variable (Appendix).

3.2. Methodology
To analyze the multiple choices, we used the multivariate probit model, as with Galia & Legros 
(2004) and Amara et al. (2008). This model makes it possible to analyze multiple choices simul-
taneously when the dependent variable has binary values and is an extension of the probit model 
dealing with just one dependent variable and the bivariate probit model dealing with two binary 
dependent variables. It assumes that error terms are distributed as multivariate normal, each with a 
mean of zero, and that the variance–covariance matrix has values of 1 on the leading diagonal and 
correlations as off-diagonal elements (Cappellari & Jenkins, 2003).

The multivariate probit model makes possible joint estimating of several equations while control-
ling for the existence of mutual correlations between their disturbances (Galia & Legros, 2004). 
This model also provides the estimates of the variance–covariance matrix of the equations’ distur-
bance. That is, it tests the correlation between dependent variables, conditional on a certain number 
of explanatory variables. It can hint at the existence of substitution or complementary effects in the 
multiple choices. If the null hypothesis of absence of correlation between the residuals of probit re-
gression models is rejected, the complementarity exists (Amara et al., 2008).
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Using the technique of multivariate probit model, the following equation was estimated:
Each appropriation mechanism = R&D intensity + Size + dummy for position within value chain 
(raw material, intermediate goods, final products) + the objectives of innovative activities (produc-
tion, organization, market) + industry dummies
 
The multivariate probit model consists of seven binary choice equations. The estimation result can 
represent the effect of each independent variable on each choice and each choice’s relationship with 
the other, conditional on this effect of each independent variable. 

4. RESULTS

Tables 2 through 8 show the results of the multivariate probit regression estimating appropriation 
mechanisms2  The goodness of fit seems to be reasonable. 

4.1. Formal Mechanisms
In case of using patents as an appropriation mechanism, R&D intensity indicating the innovative 
effort and the firm size was positive and significant. It hinted that a greater innovative effort and 
bigger firm have a positive relationship with the possibility of using patents. In terms of objectives, 
only organization-related objectives and market-related objectives had a positive effect on the pos-
sibility of using patents, but production-related objectives did not. Contrary to expectations, the 
specific position within the value chain did not have a positive effect, but the coefficient was not 
statistically significant. 

Table 2.  The result of multivariate probit regression in the case of patents

Patent Coef. Std. z P>z

R&D intensity 1.44371*** 0.472715 3.05 0.002

Size 0.167741*** 0.029986 5.59 0

Material -0.31991 0.378459 -0.85 0.398

Intermediate -0.3743 0.343518 -1.09 0.276

Final -0.17354 0.341333 -0.51 0.611

Production 0.038376 0.072642 0.53 0.597

Organization 0.175563** 0.072397 2.42 0.015

Market 0.468601*** 0.072905 6.43 0

ind15 -0.7125 0.390031 -1.83 0.068

ind17 -1.11151 0.405459 -2.74 0.006

ind18 -1.30165 0.487154 -2.67 0.008

2 Wald chi = 702.16, Log likelihood = -4461.994, prob>chi2 = 0
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ind19 -1.38931 0.510298 -2.72 0.006

ind21 -0.93407 0.446169 -2.09 0.036

ind22 -1.28783 0.443605 -2.9 0.004

ind23 -0.13412 0.468692 -0.29 0.775

ind24 -0.17036 0.382212 -0.45 0.656

ind25 -0.49981 0.394047 -1.27 0.205

ind26 -0.39744 0.41796 -0.95 0.342

ind27 -0.0968 0.409236 -0.24 0.813

ind28 -0.10161 0.388984 -0.26 0.794

ind29 -0.0217 0.379004 -0.06 0.954

ind30 -0.03359 0.461954 -0.07 0.942

ind31 -0.10108 0.387546 -0.26 0.794

ind32 -0.11036 0.382916 -0.29 0.773

ind33 -0.17815 0.415886 -0.43 0.668

ind34 -0.36237 0.391726 -0.93 0.355

ind35 -0.98818 0.458322 -2.16 0.031

ind36 -0.48288 0.411552 -1.17 0.241

_cons -0.43116 0.518095 -0.83 0.405

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

In case of the utility model, the so-called petty patent to protect minor incremental invention, firm 
size mattered in positive ways, contrary to the general expectation that it is more likely to be used 
by smaller firms. It can be said that all of the objectives had a positive effect on the possibility of 
using this appropriation mechanism. But like patents, all the positions within the value chain were 
shown not to be significant. 

Table 3. The result of multivariate probit regression in the case of the utility model

Utility Coef. Std. z P>z

Rndin 0.1882303 0.1505678 1.25 0.211

Size 0.1224284*** 0.0291162 4.2 0

Material -0.1692568 0.3584592 -0.47 0.637

Intermediate -0.3179371 0.3220602 -0.99 0.324

Final -0.0508999 0.3197677 -0.16 0.874

Production 0.2017853*** 0.0718063 2.81 0.005

Organization 0.1835779** 0.0714044 2.57 0.01

Market 0.497836*** 0.0718275 6.93 0

ind15 -0.3712529 0.3581114 -1.04 0.3

ind17 -0.3838263 0.3751775 -1.02 0.306

ind18 -1.43782 0.5759698 -2.5 0.013

ind19 -0.62743 0.4978743 -1.26 0.208

ind21 -0.280807 0.4147913 -0.68 0.498

ind22 -0.2972819 0.4110895 -0.72 0.47

ind23 0.067316 0.4479046 0.15 0.881
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ind24 -0.1375412 0.3492178 -0.39 0.694

ind25 0.3909019 0.3602563 1.09 0.278

ind26 0.2142655 0.3871368 0.55 0.58

ind27 0.4260194 0.3762945 1.13 0.258

ind28 0.8135098 0.3566933 2.28 0.023

ind29 0.6283253 0.3453916 1.82 0.069

ind30 0.3544024 0.4259174 0.83 0.405

ind31 0.4524323 0.3544138 1.28 0.202

ind32 0.4878381 0.3491933 1.4 0.162

ind33 0.6916512 0.3848011 1.8 0.072

ind34 0.2661517 0.3595549 0.74 0.459

ind35 0.0022544 0.4270031 0.01 0.996

ind36 0.3709254 0.3777295 0.98 0.326

_cons -1.133547 0.4798994 -2.36 0.018

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

Design right is usually given to protect the external aspects of products. As in the utility model, 
firm size, production-related objectives, organization-related objectives, and market-related objec-
tives had a significant positive relationship with the possibility of using design rights. In addition, 
as expected, the position of final products positively influenced the possibility of this mechanism 
because the external aspects of products are important to individual consumers.

Table 4. The result of multivariate probit regression in the case of design

Design Coef. Std. z P>z

Rndin 0.2996624 0.1874389 1.6 0.11

Size 0.1777979*** 0.0296609 5.99 0

Material 0.408256 0.4111985 0.99 0.321

Intermediate 0.1983111 0.3760931 0.53 0.598

Final 0.6564568* 0.3734828 1.76 0.079

Production 0.1868383** 0.0730046 2.56 0.01

Organization 0.1454601** 0.0726524 2 0.045

Market 0.5560371*** 0.0730873 7.61 0

ind15 -0.5563046 0.3586495 -1.55 0.121

ind17 -0.7334949 0.3831224 -1.91 0.056

ind18 -1.257537 0.4846018 -2.59 0.009

ind19 -0.5323665 0.4733102 -1.12 0.261

ind21 -1.006397 0.4553614 -2.21 0.027

ind22 -0.579851 0.4240759 -1.37 0.172

ind23 -0.1236321 0.4483425 -0.28 0.783

ind24 -0.5282094 0.3511636 -1.5 0.133

ind25 -0.0138282 0.3604099 -0.04 0.969

ind26 -0.1420055 0.3956754 -0.36 0.72

ind27 -0.1397388 0.3783743 -0.37 0.712
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ind28 0.2339708 0.3562826 0.66 0.511

ind29 -0.0253944 0.3456654 -0.07 0.941

ind30 -0.0980699 0.4277465 -0.23 0.819

ind31 -0.0578564 0.3541169 -0.16 0.87

ind32 -0.0633571 0.3495114 -0.18 0.856

ind33 0.1693364 0.3832104 0.44 0.659

ind34 -0.1591346 0.3611132 -0.44 0.659

ind35 -0.5182622 0.4289723 -1.21 0.227

ind36 -0.0368527 0.3758149 -0.1 0.922

_cons -1.895118 0.5180798 -3.66 0

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

Trademark exists to protect brands. Larger firms are more likely to use the appropriation mecha-
nism of trademark. In addition, among objectives, only organizational-related and market-related 
objectives were positively significant at the 1% level. 

Table 5.  The result of multivariate probit regression in the case of trademark

Trademark Coef. Std. z P>z

Rndin 0.1359574 0.1601303 0.85 0.396

Size 0.1479318*** 0.0293975 5.03 0

Material 0.0965696 0.3715421 0.26 0.795

Intermediate -0.048681 0.333886 -0.15 0.884

Final 0.3893743 0.331155 1.18 0.24

Production 0.1015695 0.0719271 1.41 0.158

Organization 0.2563107*** 0.0717386 3.57 0

Market 0.5733548*** 0.0722847 7.93 0

ind15 0.0117662 0.372416 0.03 0.975

ind17 -0.1850777 0.3879965 -0.48 0.633

ind18 0.2713177 0.4494336 0.6 0.546

ind19 -0.5948693 0.484221 -1.23 0.219

ind21 -0.6087734 0.4453812 -1.37 0.172

ind22 -0.2626689 0.4262878 -0.62 0.538

ind23 0.4342452 0.4513482 0.96 0.336

ind24 0.0613115 0.3660977 0.17 0.867

ind25 0.0801419 0.3768301 0.21 0.832

ind26 -0.0996479 0.4088535 -0.24 0.807

ind27 0.2043962 0.3915835 0.52 0.602

ind28 0.0470008 0.3734984 0.13 0.9

ind29 0.0316235 0.3625898 0.09 0.931

ind30 0.2244519 0.4382922 0.51 0.609

ind31 -0.094812 0.3715416 -0.26 0.799

ind32 0.0551429 0.3666674 0.15 0.88

ind33 0.2606649 0.3994036 0.65 0.514
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ind34 -0.2666024 0.3781721 -0.7 0.481

ind35 -0.3451707 0.4410747 -0.78 0.434

ind36 0.0960124 0.3919087 0.24 0.806

_cons -1.619568 0.4998353 -3.24 0.001

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

Patent, utility model, design right, and trademark can be classified as formal appropriation mecha-
nisms that are given legal rights by government. R&D intensity indicating the innovative effort 
made by firms is likely to have a positive effect only on patents among the formal mechanisms. 
Firm size, however, had a positive influence on all of the formal mechanisms. It can be conjectured 
that using a formal mechanism has much to do with a firm’s capabilities, as reflected in firm size 
from this evidence. Among positions within the value chain, only the position of final products was 
shown to have a significantly positive relationship with design rights. The objectives of innovative 
activities were generally positive with statistical significance. When approached in detail, while 
utility model and design rights were likely to be influenced by all three objectives, patent and trade-
mark had a relationship only with organization-  and market-related objectives. The production-
related objectives that had something to do with process type innovation were not significant in 
terms of effect on the use of patent and trademark.

4.2. Informal Mechanisms
Meanwhile, the most frequently used mechanism, based on previous studies, is secrecy  (Levin et 
al., 1987; Cohen et al., 2000). In the current analysis, R&D intensity and size had a positive impact 
on use of the secrecy strategy. At the same time, unlike patents, production-related objectives in ad-
dition to organization-related objectives and market-related objectives had a positive relationship 
with the possibility of using this mechanism. 

Table 6.  The result of multivariate probit regression in the case of secrecy

Secret Coef. Std. z P>z

Rndin 0.3390064* 0.1973734 1.72 0.086

Size 0.1364151*** 0.0298995 4.56 0

Material -0.0682093 0.3701043 -0.18 0.854

Intermediate 0.208929 0.3346101 0.62 0.532

Final 0.2254203 0.332382 0.68 0.498

Production 0.2092436*** 0.0720261 2.91 0.004

Organization 0.354197*** 0.0718886 4.93 0

Market 0.6760431*** 0.0723278 9.35 0

ind15 0.1667231 0.3631567 0.46 0.646

ind17 0.0793848 0.3741143 0.21 0.832

ind18 -0.1012386 0.4444205 -0.23 0.82

ind19 -0.6453661 0.4760974 -1.36 0.175
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ind21 -0.1167504 0.4217025 -0.28 0.782

ind22 -0.2827033 0.4186263 -0.68 0.499

ind23 0.4843431 0.4529339 1.07 0.285

ind24 0.426367 0.355786 1.2 0.231

ind25 0.3906573 0.3678044 1.06 0.288

ind26 0.3149742 0.3957254 0.8 0.426

ind27 0.1338873 0.3865194 0.35 0.729

ind28 0.4502954 0.3626506 1.24 0.214

ind29 0.2383002 0.3519746 0.68 0.498

ind30 0.9438971 0.4500305 2.1 0.036

ind31 0.1986898 0.362743 0.55 0.584

ind32 0.3708888 0.3567647 1.04 0.299

ind33 0.5806296 0.3942525 1.47 0.141

ind34 0.1117345 0.36624 0.31 0.76

ind35 0.1633219 0.4390058 0.37 0.71

ind36 -0.129017 0.386992 -0.33 0.739

_cons -1.593528 0.4931918 -3.23 0.001

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

Complex design or complexity of design is for preventing easy imitation by competitors. This 
mechanism is likely to be used by larger firms and firms that pursue at least one of the three objec-
tives. 

Table 7.  The result of multivariate probit regression in the case of complex design

Comdesign Coef. Std. z P>z

Rndin 0.0281464 0.1165995 0.24 0.809

Size 0.1442447*** 0.0293439 4.92 0

Material 0.38427 0.4385633 0.88 0.381

Intermediate 0.424615 0.4041248 1.05 0.293

Final 0.5108823 0.4022558 1.27 0.204

Production 0.1766143** 0.0733155 2.41 0.016

Organization 0.3397432*** 0.0735543 4.62 0

Market 0.5947953*** 0.0744774 7.99 0

ind15 -0.0948687 0.363266 -0.26 0.794

ind17 -0.0588539 0.3766005 -0.16 0.876

ind18 -0.4105836 0.4766045 -0.86 0.389

ind19 -0.5779938 0.5169325 -1.12 0.264

ind21 -0.4772778 0.4343739 -1.1 0.272

ind22 -0.4117787 0.4281584 -0.96 0.336

ind23 0.1313554 0.4569776 0.29 0.774

ind24 0.0987032 0.3540035 0.28 0.78

ind25 0.2264048 0.3668545 0.62 0.537
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ind26 -0.090662 0.4021282 -0.23 0.822

ind27 0.2216034 0.3843473 0.58 0.564

ind28 0.3437629 0.3611353 0.95 0.341

ind29 0.2536316 0.350301 0.72 0.469

ind30 0.4482335 0.4283119 1.05 0.295

ind31 0.0530043 0.361316 0.15 0.883

ind32 0.0532618 0.3547872 0.15 0.881

ind33 0.8565399 0.3897802 2.2 0.028

ind34 -0.0469821 0.3653492 -0.13 0.898

ind35 0.0561865 0.4323832 0.13 0.897

ind36 0.1742944 0.3846319 0.45 0.65

_cons -2.303218 0.5440483 -4.23 0

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

The appropriation strategy of lead time (market preemption) might be selected to capture returns 
before competitors arrive. In the case of lead time, it is likely that firm size, production-related ob-
jectives, organization-related objectives, and market-related objectives positively influence the pos-
sibility of using the lead-time strategy. 

Table 8.  The result of multivariate probit regression in the case of lead time (market preemption)

Mktpreemp Coef. Std. z P>z

Rndin 0.1559134 0.1422511 1.1 0.273

Size 0.1261819*** 0.0298597 4.23 0

Material -0.0164015 0.3778286 -0.04 0.965

Intermediate 0.1579908 0.3411455 0.46 0.643

Final 0.2978853 0.3388361 0.88 0.379

Production 0.296226*** 0.0723571 4.09 0

Organization 0.3932377*** 0.0723156 5.44 0

Market 0.7365075*** 0.0727423 10.12 0

ind15 0.2030043 0.3669617 0.55 0.58

ind17 0.391445 0.3787319 1.03 0.301

ind18 -0.0910749 0.4434937 -0.21 0.837

ind19 -0.2756487 0.4662056 -0.59 0.554

ind21 -0.4153209 0.4289751 -0.97 0.333

ind22 0.0050742 0.4216023 0.01 0.99

ind23 -0.0188572 0.4658407 -0.04 0.968

ind24 0.516962 0.3595593 1.44 0.151

ind25 0.5831387 0.3722079 1.57 0.117

ind26 0.3462167 0.3999314 0.87 0.387

ind27 0.5130543 0.391123 1.31 0.19

ind28 0.7699362 0.3670887 2.1 0.036

ind29 0.5654819 0.3562047 1.59 0.112
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ind30 0.4431495 0.4403512 1.01 0.314

ind31 0.334267 0.3661583 0.91 0.361

ind32 0.5032854 0.360233 1.4 0.162

ind33 0.7707032 0.3997479 1.93 0.054

ind34 0.3519358 0.3699762 0.95 0.341

ind35 0.4977134 0.4453103 1.12 0.264

ind36 0.4211312 0.392376 1.07 0.283

_cons -1.853907 0.5013249 -3.7 0

Note: * significance at 10% level, ** significance at 5% level, *** significance at 1% level

Secrecy, complex design, and lead time can be classified as informal appropriation mechanisms. 
Among independent variables, R&D intensity is likely to have a positive effect only on using the 
secrecy strategy. Larger firms and firms that pursue at least one of objectives, however, are likely to 
use all three informal mechanisms. 

4.3. The Relationship Among the Mechanisms
Table 9 shows the estimates of the disturbance covariance matrix, i.e., the correlation coefficients 
of the error terms of the seven equations. We can conjecture the relationships among appropriation 
mechanisms by referring to the corresponding correlations between estimated disturbances. 

In our estimation, all of the correlation coefficients were significant and positive, suggesting inter-
dependence -- or complementarity --  among the mechanisms. As noted, it is more realistic for firms 
to consider each mechanism simultaneously, and once more, this analysis confirmed that using each 
mechanism occurs simultaneously and complementarily. 

If we refer to a higher value of correlation indicating a strong relationship among the mechanisms, 
we can identify three characteristics. First, there are strong complementarities among formal mech-
anisms (patent, utility model, design right, and, trademark). Second, there are strong complementa-
rities among informal mechanisms (secrecy, complex design, and lead time). Finally, there is strong 
complementarity between trademark and complex design. These findings suggest the following pic-
ture: Firms are likely to use formal mechanisms as a group. At the same time, firms are inclined to 
use informal mechanisms, combining each other. The mix of complex design and trademark makes 
it possible to capture market share while preventing competitors from catching up rapidly because 
the effect of trademark on product image lasts much longer than any other formal mechanisms be-
yond the time period guaranteed by laws. 
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Table 9.  estimate of the disturbance covariance matrix

  Coef. Std. z P>z

rho21 0.7980793 0.0218691 36.49 0

rho31 0.7021487 0.0287547 24.42 0

rho41 0.709952 0.0272566 26.05 0

rho51 0.4381581 0.0382882 11.44 0

rho61 0.529067 0.0360777 14.66 0

rho71 0.4726901 0.0370849 12.75 0

rho32 0.8625301 0.0177462 48.6 0

rho42 0.7727733 0.0238616 32.39 0

rho52 0.4949973 0.0363724 13.61 0

rho62 0.6233181 0.0324235 19.22 0

rho72 0.5082084 0.0358007 14.2 0

rho43 0.8724743 0.0165362 52.76 0

rho53 0.5424739 0.0362897 14.95 0

rho63 0.6892145 0.029326 23.5 0

rho73 0.5226858 0.0368422 14.19 0

rho54 0.620389 0.0319514 19.42 0

rho64 0.7174114 0.0269108 26.66 0

rho74 0.6026075 0.0332402 18.13 0

rho65 0.8155456 0.023973 34.02 0

rho75 0.7951624 0.0218335 36.42 0

rho76 0.7512204 0.026795 28.04 0

Note: Boldface indicates higher values of correlation; 1 – patent, 2 – utility model, 3 –design right, 4 – trademark, 5 – secrecy, 6 – complex design, 7 – lead-time advantages

5. CONCLUDING REMARKS AND POLICY IMPLICATIONS 

This paper considers that using a specific mechanism results from one of multiple choices made by 
innovative firms, based on their position in the specific business context. Particularly, we have ana-
lyzed the effect of the specific business context and the nature of innovation pursued by innovative 
firms on use of an appropriation mechanism and how innovative firms mix appropriation mecha-
nisms to retain ownership of their innovative output.

Previous authors have assumed that the selection and use of any given appropriation mechanism 
occurs independently of use of another mechanism and that therefore, their main interest was find-
ing the most effective mechanism among diverse choices. However, it is not easy to give concrete 
guidance about innovation strategies in the view of innovation management. Therefore, a shift is 
needed in the framework for analyzing use of appropriation mechanisms, from a focus on individu-
al choice to a focus on multiple choices involving diverse mechanisms simultaneously. In addition, 
the nature of the innovative environment and innovation itself should be considered as important 
factors to comprehend the use of appropriation mechanisms. 

Among multiple innovative environments, the most important factor is the industry (or sector) and 
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where firms are positioned in their value chain. At the same time, also important is a firm’s recogni-
tion of the objectives of technologically innovative activities.

Based on the results of the Korean innovation survey, we used a multivariate probit model that is an 
extension of the probit model dealing with binary dependent variables. The estimation model in this 
study consists of seven binary choice equations. The estimation result can represent the effect of 
each independent variable on each choice and each choice’s relationship with another, conditional 
on the effect of each independent variable. 

This paper’s main finding can be summarized as follows. In case of formal mechanisms, R&D in-
tensity is likely to have a positive effect only on patents among the formal mechanisms. However, 
firm size has a positive influence on all of the formal mechanisms. Among positions within the 
value chain, only the position of final products is significantly and positively associated with design 
rights. The objectives of innovative activities are generally positive with statistical significance. 
However, although the utility model and design rights are likely to be influenced by all three objec-
tives, patents and trademark have a relationship only with organization- and market-related objec-
tives. The production-related objectives are not significant in terms of effect on the use of patent 
and trademark. In case of informal mechanisms, R&D intensity is likely to have a positive effect 
only on using the secrecy strategy. Larger firms and firms that pursue at least one of the objectives, 
however, are likely to use all three informal mechanisms.

Finally, regarding the relationships among mechanisms, firms are likely to use formal mechanisms 
in a group. At the same time, they are inclined to use informal mechanisms in the manner of weav-
ing each other. Complex design and trademark can be said to go hand in hand with each other. 

Furthermore, we can imagine the possibility of a strong mix of appropriation mechanisms accord-
ing to objectives, based on the results of estimation (Table 10). First, in case of production-related 
objectives, among diverse options, utility model, design, secrecy, complex design, and lead time are 
likely to be used more than others. Specifically, innovative firms are inclined to use a mix of utility 
model and design, and the mix of secrecy, complexity, and lead-time advantages. The use of a util-
ity model can reflect the level of technological capabilities of Korean firms. 

Second, in case of organization-related and market-related objectives, all of the mechanisms are 
used. However, also in this case, it can be conjectured that the mix of patent, utility model, design 
right, and trademark; the mix of secrecy, complex design, and lead-time strategy; and the mix of 
trademark and complex design are more preferred than any other mix. 

Table 10.  Possible mix of appropriation mechanisms according to objectives

  Patent                Utility Design Trademark          Secrecy        Complexity     Lead time

  Production- related                                     

  Organization-related  

  Market-related  

Note: Same shape indicates strong complementarities between mechanisms.
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Based on these findings, we can draw some implications for policy. On the whole, these findings 
call for an integrated appropriation strategy for innovation firms. Therefore, we can approach 
appropriation-related policy from this perspective. At this point, it should not be neglected that the 
set of appropriation mechanisms goes beyond intellectual property or intellectual property rights. 
Considering this, we can recognize that there can be some desirable direction for policy and some 
areas that need policy interventions, summarized as follows.

First, the policy biased toward patents should be reconsidered. Among diverse mechanisms for ap-
propriation, this formal choice has been given relatively focused attention compared to informal 
options, and patents have been given unequal attention even in policy dimensions. This kind of 
policy stance can hinder use of an integrated appropriation strategy and the diffusion of its practice.
Second, it is necessary to provide integrated Intellectual Propertypolicy service to firms, in particu-
lar to small and medium enterprises that usually lack competence to consider diverse appropriation 
mechanisms from the integrated point of view. The service can consist of the information related 
to an integrated appropriation strategy and consulting service, which can give them the necessary 
information about how to design and implement that strategy.

Last, it is necessary to coordinate among diverse institutions including policy makers and imple-
menters, which involves diverse appropriation strategies of firms. There should be continuous 
adjustment among the entities, considering the change of technology and competition between 
firms. Each body comprises a fair-trade commission that is responsible for fair-trade and anti-trust 
behavior related to trade secrecy, in addition to a traditional body that covers patents, utility model, 
design right, and trademark.

This work is exploratory research using evidence from Korea. In the future, we need to analyze 
differential innovative activities according to different positions within value chains, various objec-
tives of innovation, and their interaction. In addition, we need to analyze the effect of specific com-
binations of appropriation mechanisms on innovative output such as the percentage of sales of new 
product of all sales.  



64

STI  Policy Review_Vol. 3, No 2

REFERENCES

Am ara, N., Landry, R., & Traore, N. (2008). Managing the protection of innovations in knowledge-intensive business ser-
vices. Research Policy, 37(9). 

Aru ndel, A. (2001). The relative effectiveness of patents and secrecy for appropriation. Research Policy, 30, 611-624. 
Aru ndel, A., & Kabla, I. (1998). What percentage of innovations is patented? Empirical estimates for European firms. Re-

search Policy, 27. 
Aru ndel, A., & Patel, P. (2003). Strategic patenting, background report for the trend chart policy benchmarking workshop 

new trends in IPR policy. 
Bal dwin, J., Hanel, P., & Sabourin, D. (2000). Determinants of innovative activity in canadian manufacturing firms: The 

role of intellectual property rights. Working paper, Micro-Economic Analysis Division, Statistics Canada. 
Bli nd, K., Edler, J., Frietsch, R., & Schmoch, U. (2006). Motives to patent: Empirical evidence from Germany. Research 

Policy. 35(5)
Bro uwer, E., & Kleinknecht, A. (1999). Innovative output and a firm’s propensity to patent. An exploration of CIS micro 

data. Research Policy, 28. 
Cap pellari, L., & Jenskins, S. (2003). Multivariate probit regression using simulated maximum likelihood. The STATA Jour-

nal, 3(3). 
Coh en, W. (et al.). (2002). R&D spillovers, patents and the incentives to innovate in JapanandtheUnitedStates. Research 

Policy, 31. 
Coh en, W., Nelson, R., & Walsh, J. (2000). Protecting their intellectual assets: appropriability conditions and why U. S. 

manufacturing firms patent(or not). NBER working paper, No. 7552. 
Gal ia, F., & Legros, D. (2004). Complementarities between obstacles to innovation: Evidence from France. Research Policy, 

33(8). 
Hal l, B. (2004). Exploring the patent explosion. NBER working paper. Retrieved from http://www.nber.org/papers/w10605.

pdf?new_window=1 
Han el, P. (2008). The use of intellectual property rights and innovation by manufacturing firms in Canada. Econ.Innov.New.

Techn, 17(4). 
Har  abi, N. (1995). Appropriability of technical inventions. An empirical analysis. Research Policy, 24. 
Jaff e, A. (2000). The U. S. patent system in transition: policy innovation and the innovation process. Research Policy, 29. 
Jaff e, A., & Lerner, J. (2004). Innovation and its discontents: How our broken patent system is endangering innovation and 

progress, and what to do about it. Princeton, NJ: Princeton University Press
Lev in, R., Klevorick, A., Nelson, R., & Winter, S. (1987). Appropriating the returns from industrial research and develop-

ment. Brookings papers on economic activity. 
Par k, K. H. (2006a). Research on the change of patent policies and the utilization of patent – Focusing on the role in the 

market for technology. Science and Technology Policy Institute (in Korean). 
___ _______. (2006b). Study on the determinants of IP protection of innovation results in Korean manufacturing sector. 

Research on technological innovation (in Korean). 
___ _______. (2012). The effectiveness of patent and the determinants of patenting activities in Korea. In The economics of 

Intellectual Property in the republic of Korea, WIPO. 



65

Peet ers, C., & Potterie, B. (2006). Innovation strategy and the patenting behavior of firms. Journal of Evolutionary Econom-
ics, 16. 

Reit zig, M. (2004). The private values of ‘thickets’ and ‘fences’: Towards an updated picture of the use of patents across 
industries. Economics of innovation and new technology, 13(5). 

STE PI. (2002). Report on the Korean Innovation Survey 2002: Manufacturing sector (in Korean). 
_____. (2005). Report on the Korean innovation survey 2005: Manufacturing sector (in Korean). 
Zied onis, R. H. (2004). Don’t fence me in: fragmented markets for technology and the patent acquisition strategies of firms. 

Management science, 50(6).




