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Abstract 

Little information is available on the longitudinal survival of foreign R&D units in multinational 

enterprises. The study conducts a time-to-event analysis in form of proportional hazard regression 

on a cohort of 65 foreign R&D units in 15 Swedish multinationals analyzed in the time period 1991 

to 2012. By including failed cases in the analysis the results control for possible survivorship bias 

originating from the selection of the cohort itself. The results presented are nonprobability based 

longitudinal evidence of the survival of a particular set of R&D units over a twenty year time 

period. The study found five significant explanatory variables. First, the evidence suggests positive 

associations between age, a high degree of local autonomy over hiring and firing of the unit’s R&D 

professionals, training programs for R&D personnel, and salary level for R&D employees, and 

lastly the ability to produce high quality output of a foreign R&D unit and survival. Second, 

acquisition as mode of establishment, and cumbersome communication between local and parent 

R&D are negatively associated with survival. 
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Introduction 

An interesting observation in contemporary international management is globalization of the value 

chain. Globalization of value chain activities is an optimization process where multinational 

enterprises (MNEs) seek to offshore and integrate value chain activities across geographical borders 

in the attempt to utilize multiple locational advantages by creating global production networks or 

integrated networks (Bartlett & Beamish, 2011; OECD, 2008). The phenomenon of reorganizing 

the value chain across countries has intensified throughout the twentieth century and data suggest 

that multinationals at an increasing rate co-ordinate production and distribution across countries by 

unbundling processes to allow trading of intermediate and final goods and possibly individual tasks 

in the twenty-first century (See e.g. Baldwin, 2006; Blinder, 2006; Grossman & Rossi-Hansberg, 

2006). 

A specific type of value chain optimization is offshoring of research and development (R&D) which 

is driven by supply and demand motives. First, to access highly skilled scientists and engineers and 

tap into foreign knowledge clusters, some MNEs have conducted foreign direct investment (FDI) in 

R&D activities and initiated collaboration with local universities, suppliers, and customers or 

formed inter-firm research alliances (See e.g. Florida, 1997; Jones & Teegen, 2003; Kuemmerle, 

1999). Access to skilled personnel and knowledge clusters may not only enhance corporate R&D 

locally, but also a company‟s core technological capabilities if local R&D units are organized 

around integrated networks and enabled technology transfer (Gassmann & von Zedtwitz, 1999; 

Håkanson & Zander, 1988; Monteiro, Arvidsson, & Birkinshaw, 2008; Sachwald, 2007). Supply 

driven R&D complements demand driven R&D which differs from the former by being an 

extension of expanding sales activities into new markets. Demand driven R&D focuses on 

exploiting domestically developed technologies abroad, adapting as necessary product and 

production processes to local conditions (Håkanson & Nobel, 1993; Niosi & Godin, 1999; 

Ronstadt, 1978; von Zedtwitz & Gassmann, 2002). Nevertheless, in both cases because of the 

shortening of product cycles, rising costs of R&D, and increasing competition, the need to manage 

and integrate R&D across borders successfully may be more important now than ever before 

(OECD, 2008). 
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Most prior research on R&D internationalization draw its inferences from cross-sectional data 

collected through company questionnaires, aggregate data on patent filings of innovations carried 

out in foreign affiliates, or national data on business R&D expenditure. 

The majority of the studies have focused on determinants of foreign R&D and characteristics of 

foreign R&D units. The location of R&D activities has been found to correlate with affiliate sales, 

availability of scientists and engineers, type of industry, the purpose of the R&D unit, the size of the 

parent company‟s home market and culture
1
 (See e.g. Casson & Singh, 1993; Criscuolo, Narula, & 

Verspagen, 2005; Dunning & Narula, 1995; Florida, 1997; Granstrand, 1999; Jones & Teegen, 

2003; Kuemmerle, 1999; Le Bas & Sierra, 2002; Wortmann, 1990). But determinants of foreign 

R&D are not limited to firm-level and cultural factors. A branch of studies suggest that foreign 

direct investment in R&D is associated with national framework conditions such as education 

systems and intellectual property rights (See e.g. Cantwell & Piscitello, 2002; Charcar, Newburry, 

& Vissa, 2010; Dachs & Pyka, 2010; EC, 2006, 2012; Kumar, 2001; OECD, 2007; UNCTAD, 

2005). 

A particularly interesting aspect of R&D internationalization relates to the discussion of cross 

border collaboration and a company‟s core technological capabilities (See e.g. Criscuolo, 2009; 

Håkanson & Zander, 1988; Monteiro, Arvidsson, & Birkinshaw, 2008; von Zedtwitz & Gassmann, 

2002). Research indicates that to develop a parent‟s core technology R&D units need to collaborate 

across borders in order to utilize geographically bound advantages. Therefore it is likely that the 

interaction between a local R&D unit and its sister units may impact the local unit‟s chance of 

survival. However, limited information is available on R&D units‟ survival because most studies 

are done cross-sectional and therefore the risk of survivorship bias cannot be ignored. 

These considerations have led to the research question posed in this paper: 

‘Which factors are relatively most important to the survival of foreign R&D units?’  

By analyzing this topic at least two important issues are addressed. First, by analyzing the survival 

of foreign R&D units important information is presented with respect to what has actually happened 

to a cohort of R&D units i.e. the results presented omit survivorship bias as a source of error. 

Second, a brief online search on blocked foreign acquisitions show that despite the small number of 

cases foreign acquisition is a politically sensitive area due to its connection to national security and 

                                                 
1
 Excellent reviews of the body of literature on this topic are found in Niosi (1999) and European Commission (2012) 
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employment, the country‟s ability to absorb knowledge and technologies developed abroad, and 

brain drain (See OECD, 2008; e.g. Paletta, Johnson, & Reddy, 2012
2
). Protectionist responses 

include restrictions imposed to foreign ownership of certain industries perceived as important to 

national security by politicians such as telecommunications, harbors and airports, and high-

technology firms. Thus by analyzing the survival of foreign R&D units this study will present 

answers to political concerns about foreign acquisitions of companies. 

The study conducts a time-to-event analysis in form of proportional hazard regression on a cohort 

of 65 foreign R&D units in 15 Swedish multinationals analyzed in the time period 1991 to 2012. By 

including failed cases in the analysis the results control for possible survivorship bias originating 

from the selection of the cohort itself. In sum, the results presented are nonprobability based 

longitudinal evidence of the survival of a particular set of R&D units over a twenty year time 

period.  

The study found five significant explanatory variables. First, the evidence suggests positive 

associations between age; a high degree of local autonomy over hiring and firing of the unit‟s R&D 

professionals, training programs for R&D personnel, and salary level for R&D employees; and third 

the ability to produce high quality output of a foreign R&D unit and survival. Second, acquisition as 

mode of establishment, and cumbersome communication between local and parent R&D are 

negatively associated with survival. 

A curious observation was that all the explanatory variables fulfilled the requirements of the 

proportional hazards assumption. This may be explained by the selection of product term which 

took a standard linear shape. Proposed alternatives include convex, concave, and logarithmic 

functions.  

Delimitation 

No database exists with the population of all foreign R&D units worldwide. Information on 

companies‟ foreign R&D units, their location, and characteristics is very limited due to company 

discretion and the relatively little attention the topic has been given by academia and the public in 

general, at least until recently (OECD, 2008; EC 2012). The results presented in this study are based 

on a sample of 75 Swedish-owned R&D units located outside of Sweden in the period 1991 to 

2012. The selected foreign R&D units are those 75 observed by Nobel and Birkinshaw (1998) for 

                                                 
2
 The blocking of China‟s acquisition of two wind-farm projects by the U.S. government  
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which extensive background data is available. As a consequence the results may be representative 

for Swedish firms as the sample is representative in terms of Swedish R&D employment and 

foreign R&D expenditure, but not so across business sectors or firm size.  

Next, no prior analyses have been made of hazard ratios of foreign R&D units no direct body of 

literature on survival of foreign R&D units was available. Therefore to develop hypotheses to the 

research question a review of the R&D internationalization literature was made. The explanatory 

variables tested do, of course, not cover all possible sources of foreign R&D hazard, but hopefully 

the most important.  

Structure 

The study is organized as follows. The first section contains background information on the 

development and trend of R&D internationalization. In the second section is a review of the 

literature on R&D internationalization from which the propositions and hypotheses stated in section 

three are made. The fourth section contains information on the study‟s methodology and methods, 

and the fifth section describes the data collection process hereunder sampling, operationalization of 

variables, and outlining of comparisons. The sixth section covers the actual data collected including 

a discussion of response rates, validity and reliability, and general descriptive statistics. The last 

sections contain the results, conclusion, and perspective for further research, respectively.   

Background 

Developments and trends in R&D internationalization 

Various measures are applied when analyzing R&D internationalization. The most commonly used 

are business expenditure on R&D (BERD), patent filings of innovations carried out in foreign 

affiliates, and company recordings (EC, 2012; ITPS, 2006; OECD, 2008). However, the availability 

of data is limited and unavailable for some countries. This may result in inconsistencies between 

measures and across sectors and countries (OECD, 2008). 

According to the Organisation for Economic Coordination and Development (OECD), businesses 

and multinational enterprises are the major spenders of R&D in the world. Multinational enterprises 

account for 95 percent of the 700 largest spenders on R&D and for almost half of the world‟s total 

R&D expenditure (OECD, 2008). This makes MNEs the prime facilitators of R&D 

internationalization. 
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The OECD report further states that over 80 percent of the top spenders on R&D originate from five 

countries: the United States, Japan, Germany, the United Kingdom, and France. The share from 

emerging markets is still small, about 1 percent, but growing (OECD, 2008). 

According to a 2005 report by United Nations Conference on Trade and Development (UNCTAD), 

the majority of R&D expenditure by MNEs is in information technology hardware (21.7 percent); 

automotive industry (18 percent); pharmaceuticals and biotechnology (17.5 percent) and the 

electronics and electrical industry (10.4 percent) (UNCTAD, 2005). 

Thus R&D expenditure is highly concentrated in large multinational enterprises and in a few 

countries. 

R&D internationalization has undergone considerable change and development in the twentieth 

century and especially over the last three decades. Back in the first half of the twentieth century 

companies did not invest much in R&D abroad. That said evidence suggests that firms from the 

United States, United Kingdom, and Sweden in particular were relatively quick to internationalize 

R&D (UNCTAD, 2005). Nevertheless, since the 1980s the share of international R&D across 

countries has increased significantly and during the 1990s internationalization of R&D established 

itself as a trend (ITPS, 2006). From the mid-1990s the historical domination by intra Triad 

investment in R&D started to weaken as emerging countries including Brazil, India, Russia, and 

non-OECD Asia have increasingly become the target for R&D investments (OECD, 2008; 

UNCTAD, 2005). As a picture of the magnitude of change data from the United States on outward 

BERD show that non-OECD Asia‟s share increased from USD 391 million to 3.423 million in the 

period 1994 and 2008 (EC, 2012). Overall outward BERD of US firms increased from USD 11.8 

billion to 36.1 billion in the same period. 

Swedish R&D internationalization 

Unfortunately outward BERD is only available for the United States and Japan. Instead company 

records and patent filings of innovations carried out in foreign affiliates may be used to obtain a 

picture of Swedish R&D internationalization. 

Håkanson and Nobel (1993) have collected firm-level data from the 20 largest Swedish MNEs who 

spent a total of 11.9 billion Swedish crowns on R&D in 1987. At the point of investigation these 

companies employed around 24,000 R&D personnel and accounted for more than 60 percent of 

business R&D in Sweden. Their results show that approximately 23 percent of their R&D 
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expenditures were spent abroad and that the share of individual companies varied between below 10 

percent and more than 50 percent. In addition, most Swedish-owned foreign R&D units were 

located in member countries of the European Union and other countries in Europe (71 percent) 

while 23.6 percent of the foreign R&D units were located in North America. By analyzing U.S. 

patenting activities of 220 MNEs in 1992 Patel and Vega found that of the 48 Swedish foreign 

R&D laboratories the three largest patent areas were Process and machinery, 66.7, followed by 

Computers, 8.3 percent, and Pharmaceuticals, 6.3 percent (Patel & Vega, 1999). 

Nevertheless research and development as a corporate function remains relatively domestic bound 

compared to other functions such as production, financing, sales, and marketing. Today the majority 

of R&D is conducted in the home country of the multinational enterprises (OECD, 2008). 

Literature review 

The literature review is organized as follows. The first section reviews literature on centrifugal and 

centripetal forces of R&D centralization. The second section reviews findings for Swedish R&D 

internationalization in particular. The third section summarizes the review.  

Centrifugal and centripetal forces of R&D internationalization 

Theoretically this paper may be situated in the internationalization business management literature. 

One of the most widely used theories in the international business management literature, the 

eclectic paradigm, proposes that businesses may internationalize when three pre-requisites are 

present (Bartlett & Bearmish, 2011; Dunning, 1988, 2000; Hill, 2009). First, the business has some 

form of firm-specific advantage that cannot easily be replicated by its competitors. Second, the 

destination for multinational investments has a location-specific advantage such as low labor costs 

implying a degree of immobility of some resources; and third, the company has developed 

organizational capabilities that allow it to benefit from internalizing activities rather than having 

them organized through external market mechanisms. Also, in accordance with Johanson and 

Vahlne (1977) internationalization is understood as a gradual process of expansion and integration 

with incremental increase in the MNE‟s foreign exposure.  In practice even though the conditions 

for internationalization are met the outcome is usually a blend between local and central R&D 

which fits the needs and requirements of the particular MNE.  

Scholars have argued that the protection of firm-specific knowledge, economies of scale, 

coordination and control issues, and historical coincidence draw MNE R&D in the direction of 
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centralization (Buckley & Casson, 2002; Casson & Singh, 1993; Gassmann & von Zedtwitz, 1999; 

Greybadze & Reger 1999; Håkanson & Nobel, 1993; Mendez, 2003; Rugman, 1981).  

First, the risk of leakage of proprietary knowledge forces MNEs to concentrate R&D in the parent 

firms and use internal markets to control the use of this knowledge. Second, economies of scale and 

the minimum efficiency scale indicate that MNEs centralize R&D to achieve a minimum efficiency 

size of R&D. Third historical coincidence may explain the current location of R&D units. And 

finally, coordination and control issues limit the ability of MNEs to decentralize R&D.  

Coordination and control is linked to R&D through the cost of communication. Buckley and Casson 

have proposed that in a world without communication costs, R&D is located where it is relatively 

cheap to perform (Buckley & Casson, 2002). However as presented in 1993 by Jaffe, Trajtenberg, 

and Henderson R&D is subject to geographic constrains (Jaffe, Trajtenberg, & Henderson, 1993). 

This explains why some MNEs have established R&D overseas and why they need to manage 

communication between geographically dispersed R&D activities. According to Greybadze and 

Reger (1999) between 1985 and 1995 MNEs have gone through a period of aggressive expansion in 

which the organization of domestic and foreign R&D activities of MNEs grew ‘overly complex and 

unmanageable’ (Greybadze & Reger, 1999, p. 251). As a response MNEs have started to 

consolidate and streamline since the 1990s. Therefore in this study it is proposed that the 

coordination and control of global R&D activities, or lack hereof, is related to the survival of 

foreign R&D units. 

Even though large MNEs face a simultaneous need to coordinate domestic and overseas R&D 

activities, most commonly local subsidiaries exploit firm-specific capabilities and knowledge 

overseas which only demands little personnel so communication issues with parent R&D are 

minimal (See e.g. Håkanson & Nobel, 1993; Kuemmerle, 1998; Ronstadt, 1978). But over time as 

local laboratories develop their own particular capabilities and resources foreign units may be used 

in forming the MNEs‟ firm-specific knowledge (Birkinshaw, Hood, & Jonsson, 1998; Ronstadt, 

1978). Research suggests that the ability of a local subsidiary to successfully develop capabilities 

and influence firm-specific knowledge over time is associated with a high degree of local autonomy 

and leadership (Birkinshaw, Hood, & Jonsson, 1998; Frost, Birkinshaw, & Ensign, 2002; 

Greybadzer & Reger, 1999; Monteiro, Arvidsson, & Birkinshaw, 2008; Mudambi & Navarra, 2004; 

Rugman & Verbeke, 2001; Zander, 1997). If the development of capabilities is a function of both 
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time and the degree of local autonomy it may be that these two factors are also related to the 

survival probability of foreign R&D units.  

Also, Ketokivi and Alo-Yrkkö have analyzed co-location as a barrier to R&D internationalization 

and found that the need to co-locate manufacturing and R&D is associated with product complexity, 

process complexity, and industry rate of change (Ketokivi & Ali-Yrkkö, 2009). They argue that the 

unbundling of R&D and manufacturing is simply not possible in cases where product complexity, 

process, complexity and industry rate of change is high. Since it is reasonable to assume an 

association between complexity and economic risk and return then co-location of manufacturing 

and R&D may indicate a long term commitment of an MNE to a particular location and therefore be 

associated with survival.  

Swedish findings 

In their paper from 1993 Håkanson and Nobel (1993) comment on the process behind the historical 

expansion of Swedish multinationals and their R&D units which they characterize more as 

spontaneous rather than coordinated corporate efforts. First, Håkanson and Nobel observe that 60 

percent of the R&D units in their sample was added after 1980 and that the predominant mode of 

establishment since the 1970s has been acquisition. Second, because of the relatively high degree of 

autonomy of local subsidiary managers in Swedish MNEs and the relatively loose and informal 

control systems many foreign R&D units today are the result of a „natural evolution‟ based on local 

initiative, and even sometimes established without formal authorization from headquarters. 

Since the Swedish process of R&D internationalization to a large extent has relied on acquisitions 

and spontaneous evolution it is plausible that it has led to duplication of R&D efforts across units 

(Håkanson & Nobel, 1993). Duplication may be solved, though, by closing down one of the 

duplicating R&D units or reassign tasks. On the face of it one would expect foreign units to close 

more often since R&D to a large extent is home based. However, as suggested by Zander (1997) 

Swedish-owned foreign R&D units have developed distinct capabilities and sometimes assume 

dominant roles in advanced technologies (Zander, 1997). As a result Swedish domestic R&D units 

may not necessarily face priority to foreign units when it comes to determining where work should 

be done. One the other hand, expansion by acquisition may also be used when diversifying into new 

business areas. Therefore, acquired units may experience lower hazard than others, if one controls 

for the type of technology that the R&D unit is occupied in. 
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Because a change in ownership basically equals an acquisition then an ownership change should 

have the same impact on survival as acquisition as mode of establishment. 

Summary 

The literature on R&D internationalization presents data on various aspects which may influence 

the survival of foreign R&D units. 

First, research suggests that valuable technology transfers may happen across R&D units if certain 

criteria are met. These criteria include the local subsidiary being given an appropriate degree of 

autonomy as well as time. Thus, the degree of local autonomy and age may be associated with the 

survival probability of foreign R&D units.  

Second, a significant share of Swedish-owned foreign R&D units has been established by means of 

acquisition. Because the R&D units have been acquired over a relatively short period of time, the 

risk of duplication of work between existing and newly acquired R&D units is high. Therefore it is 

likely that acquired R&D units may be subject to higher hazard than greenfield establishments. 

Third, it is possible that some of these acquired units may be the result of intentional diversification 

strategies. Therefore acquired foreign R&D units occupied in unrelated technological field may 

experience higher survival than acquired R&D units in general. 

Fourth, linked to the role of acquisition as mode of establishment is change of ownership. If 

acquired foreign R&D units face relatively higher hazard than greenfield investments, then a change 

of ownership in general may be associated with higher hazard. 

Fifth, Ketokivi and Alo-Yrkkö (2009) argue that co-locate manufacturing and R&D is associated 

with product complexity, process complexity, and industry rate of change. Since it is reasonable to 

assume an association between complexity and economic risk and return then co-location of 

manufacturing and R&D may indicate a long term commitment of an MNE to a particular location 

and therefore be associated with survival.  

Sixth, since the 1990s MNEs have gone through a process of streamlining and consolidating their 

R&D activities across borders. This has been done in an attempt to solve the overly complex 

organization of R&D which was the result of a period of rapid expansion. Therefore, lack of 

coordination and control of domestic and foreign R&D activities may be related to the hazard of 
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foreign R&D units. This proposition is strengthen by relatively loose and informal control systems 

in Swedish MNEs recorded. 

Hypotheses 

This section develops the hypotheses tested in this paper based on the reviewed literature in prior 

section. The subsequent operationalization of the hypotheses is done in the section 

Operationalization of key variables. 

The first hypothesis relates to the age of the foreign R&D unit. Evidence suggests that the most 

common type of R&D unit, the support unit, seems to develop its capabilities and competencies 

over time allowing the unit to change its mandate from supporting the exploitation of parent 

technology locally alone to also transferring technology by working on developing products to local 

or regional markets (See e.g. Birkinshaw, Hood, & Jonsson, 1998; Håkanson & Nobel, 1993; 

Kuemmerle, 1998; Ronstadt, 1978 von Zedtwitz & Gassmann, 2002). Thus over time foreign R&D 

operations may develop distinct competencies which make them valuable to the enterprise with the 

effect of making them less likely to close down. In other words, as the age of a foreign R&D unit 

increases its survival probability should go up and its hazard probability drop. 

Hypothesis 1: The age of a foreign R&D unit is negatively associated with its hazard 

The second hypothesis relates to frequent use of acquisition as mode of establishment for many 

MNEs including Swedish-owned during the 1980s (Håkanson & Nobel, 1993; von Zedtwitz and 

Gassmann 1999). Since a share of R&D units is acquired incidentally as multinationals expand their 

operations overseas through acquisitions, the risk of duplication of work between R&D units 

increases. Therefore R&D established through acquisition may be more exposed to closing down 

than a strategically planned R&D unit. To test this proposition the second hypothesis tests if 

acquired foreign R&D units have higher hazard probabilities than greenfield establishments.  

Hypothesis 2: Acquisition as mode of establishment is positively associated with 

hazard 

The next hypothesis elaborates on the prior by adding a proxy for MNEs diversifying into new 

business areas (Håkanson & Nobel, 1993). When companies branch into new technological fields 

by the acquisition of a firm it follows that the acquiring company wishes to keep the R&D 
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operations acquired. Therefore a diversification strategy should have a positive effect on the 

survival of a foreign R&D unit. 

Hypotheses 3: Acquisition as mode of establishment together with unrelated 

technological field is positively associated with hazard 

In conjunction with acquisition as mode of establishment the next hypothesis relates to ownership 

change as a possible explanatory factor of foreign R&D units‟ survival. Because an ownership 

change is basically the same as an acquisition then it should also be positively associated with 

hazard. 

Hypothesis 4: A change in a foreign R&D unit’s ownership is positively associated 

with hazard 

and therefore also 

Hypothesis 5 Establishment through acquisition and change in ownership is 

positively associated with hazard 

Since an R&D operation usually is an extension of already existing manufacturing activities it begs 

for an analysis of the role of co-location. As proposed by Ketokivi and Alo-Yrkkö (2009) co-

location of manufacturing and R&D is associated with product complexity, process complexity, and 

industry rate of change. Since it is fair to assume a positive relationship between product 

complexity and economic risk and return, then co-location may indicate a relatively high 

commitment of a MNE into a particular market. Thus co-location of manufacturing and R&D may 

negatively influence the hazard of the R&D operations.  

Hypothesis 6: The co-location of foreign R&D units and manufacturing is 

negatively associated with hazard 

The seventh hypothesis relates to the rapid expansion and subsequent streamlining and 

consolidation of R&D activities by MNEs to solve issues of coordination and control (Greybadze & 

Reger, 1999; Håkanson and Nobel 1993). In this study it is proposed that since Swedish 

multinationals in particular were characterized by loose control systems during the time of 

expansion the issue of inadequate coordination defined as cumbersome communication between 

local and parent R&D between R&D units may negatively influence foreign R&D units‟ survival 
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probability in the following years. Worded differently, local subsidiary R&D operations 

experiencing cumbersome communication with parent R&D may face higher hazard than foreign 

operations communicating more smoothly. 

Hypothesis 7: Cumbersome communication with parent R&D is positively 

associated with hazard 

The final hypothesis relates to locally developed capabilities and local autonomy. Drawing on the 

observations by among others Birkinshaw, Hood, and Jonsson (1998) that the development of local 

capabilities is a function of local autonomy and leadership, in this study it is proposed that because 

the development of local capabilities may enhance a company‟s core technological capabilities if 

local R&D units are organized around integrated networks and enabled technology transfer, then 

local autonomy and leadership may be positively associated with a foreign R&D unit‟s survival 

probability. 

Hypothesis 8: High local autonomy and leadership in foreign R&D units are 

negatively associated with hazard 

Methodology and Method 

This section describes the research design, the research approach and the methodology applied in 

this study. Briefly, the study may be categorized as an explanatory deductive study based on a 

quantitative survey research strategy that uses proportional hazard regression to test the proposed 

hypotheses. 

Research design 

To investigate the research question posed in this paper the proposed hypotheses are analyzed using 

time independent and time dependent proportional hazard models
3
 on a sample of primary data over 

the period 1991 to 2012. The results from this longitudinal study propose answers to the research 

question posed regarding the relative effects of a set of explanatory variables on hazard of foreign 

R&D units. The subsequent interpretation of the results is based on both primary and secondary 

data on internationalization. 

The selected research design may be categorized as explanatory which means analyzing a situation 

in order to explain association between two or more variables (Birkman & Rog, 2009; Saunders, 

                                                 
3
 Sometimes referred to as Cox regression analysis or Cox Proportional Hazard 
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Lewis, Thornhill, 2007). Since the objective of the study is to record the relative effects of a series 

of explanatory variables on the hazard of foreign R&D units, results obtained though such a method 

are deemed credible and useful. 

Research approach 

The research question about the relative effects of a number of explanatory variables on the hazard 

of foreign R&D units in MNEs is investigated by means of deduction based on a quantitative 

survey research strategy (Saunder, Lewis, Thornhill, 2007). First, literature on R&D 

internationalization has been reviewed including publications from national, international, and 

supranational organizations. Then, from the review of the literature initial hypotheses were 

developed. To enable quantitative testing of the hypothesized propositions on associations between 

the explanatory variables and the survival probability of foreign R&D units, the hypotheses were 

subsequently operationalized through the process of reductionism. After the operationalization the 

initial hypotheses were tested on a sample of data, collected through semi-structured interviews and 

emails, according to the principles of falsification using proportional hazard regression analysis to 

enable generalization. Next the preliminary results were examined and on this background the 

proposed hypotheses were then modified and tested again. Based on the subsequent results 

proposals to modification of existing theories are stated. The aim of the approach is to ensure 

maximum validity of the conclusions made in terms of internal, external, construct, and statistical 

validity (Birkman & Cog, 2009, p. 12). 

Methodology 

The methodology applied in this paper may be categorized as predominantly naturalistic. Naturalist 

social science presupposes an atomistic ontology from which it follows that a Real World exists 

independently of human senses (Moses & Knutsen, 2007). Accordingly humans can observe a real 

world in which they can record and communicate associations and patterns and distinguish these 

facts from their own values. The epistemology is based on the „correspondence theory of truth‟ 

which defines a true statement as one that ‘accurately corresponds to a state of affairs in the real 

world’ (ibid., p. 50). Two implications can be derived from this definition. First, the epistemology 

entails systematic observation of regularities or patterns of associations (or correlations) in nature. 

Second, knowledge is cumulative which means that the human body of knowledge grows over time 

in form of knowledge of increasingly accurate associations. As a result of the plethora of observable 

regularities and associations in nature, the methodology of naturalists seeks to uncover regularities 

in the Real World and restate these as natural laws which are communicable. 
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Data collection process 

The section on the data collection process includes a subsection on the population and sampling of 

foreign R&D units, a subsection on registration of shut downs and ownership change followed by a 

description of the method used to collect data. Forth is a subsection covering operationalization of 

key variables and lastly is a subsection which outlines the comparisons made in this study.  

Population and sampling 

No database exists of the population of all foreign R&D units worldwide. Information on 

companies‟ foreign R&D units, their location, and characteristics is very limited due to reasons such 

as company discretion and the relatively little attention the topic has been given by academia and 

the public in general, at least until recently (OECD, 2008; EC 2012). 

To test the proposed hypotheses a dataset with rich information of foreign R&D units and their 

interaction with other actors is needed. Such a dataset has been used by Robert Nobel and Julian 

Birkinshaw (1998). 

The database used by Nobel and Birkinshaw was the result of an extensive research project which 

aimed at getting a better understanding of ‘the scope of international R&D in Swedish 

multinationals, the organizational systems that are used to control it, and the critical managerial 

issues being faced’ (Nobel & Birkinshaw, 1998, p. 485). 

In Nobel and Birkinshaw‟s study the population of Swedish-owned foreign R&D units were 

identified and selected on the basis of business R&D expenditure in Sweden. Out of 20 large 

Swedish MNEs the 15 who chose to participate in the study identified 210 R&D units. The 

researchers received usable response from 110 of these R&D units of which 75 came from foreign 

R&D units. In 1987 the 20 Swedish MNEs accounted for approximately 75 percent of total business 

expenditure on R&D in Sweden so the sample may be representative in terms of R&D expenditure 

but not in terms of sectors included or firm size (Håkanson & Nobel 1993). Since only large MNEs 

are sampled the reported age of the R&D units may be positively biased because the MNEs are 

relatively old companies. The applied sampling technique may be categorized as nonprobability 

purposive sampling (Saunder, Lewis, & Thornhill, 2007, p. 207; Patton, 1990, p. 179). 

The questions used in the subsequent questionnaire survey were developed through a process of in-

depth interviews with R&D managers in 50 R&D units across five large Swedish MNEs selected 
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according to the maximum variety criterion (For additional information on the development of the 

questionnaire see Nobel & Birkinshaw, 1998). 

Nonprobability sampling 

Purposive sampling is used when the sample size and the sampling frame is difficult to determine. 

When using nonprobability sampling the probability of each case being selected from the 

population is unknown and therefore it is impossible to answer questions related to the 

characteristics of the population, according to Saunder, Lewis and Thornhill (Saunder, Lewis, & 

Thornhill, 2007, p. 207, 226). As they write ‘It is the quality of the theoretical inferences that can 

be made from data collected using non-probability samples that is used to assess the extent to 

which generalizations can be made’ (Ibid., p. 227). Thus the credibility of the inferences based on 

purposive sampling depends on the research question investigated. Instead of being statistically 

representative suitable for inferences on populations, the results from nonprobability sampling is 

considered suitable for discussion of modification of theories. 

Event observation and registration of ownership change  

Before a time-to-event analysis can be performed the sample needs information if an event has 

occurred and the time the event occurred. In this study an event is defined as a foreign R&D unit 

shutting down (See information on survival analysis in Appendix 1). 

In the data collection process information on shut downs was recorded by asking if a particular 

R&D unit had been shut down during the period of investigation. The measure is thus binary where 

1 indicates a unit that has been shut down and 0 indicates a unit that has not been shut down. In case 

a unit had shut down it was recorded which year it took place. 

It was also recorded if the R&D unit had been sold off (change in ownership). In case a unit had 

been acquired by another company the acquiring company was contacted and asked if the particular 

R&D unit was still active. Thus possible answers to the questions asked were either binary or 

numerical. Data was collected by telephone and email during the four months March to June 2012 

so response time was four months (Saunders, Lewis, & Thornhill, 2007). 

Data collection began by contacting the communications department in the parent company of the 

respective cases in the sample by telephone. The telephone call started by the researcher introducing 

himself, presenting the aim of the call, and then asking if the company would like to participate. No 

company declined to participate. The researcher was then provided data by either a person from the 
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communications department or a person working in corporate R&D or local R&D whom the 

communications department believed could answer the questions. In the majority of cases the 

respondent needed to do an in-house check and therefore the researcher was asked to mail the 

inquiry. 

Each interview or mail correspondence with a contact person opened with four themes. First, the 

researcher introduced the study, its purpose, and for whom it was conducted. Then the researcher 

referred to the earlier collaboration of the company in the 1991 study and listed the foreign R&D 

units recorded in 1991. Third he asked if the company still had R&D activities at each of the listed 

locations. If the unit had been closed down or sold off the company was asked to report what year it 

had happened. If a unit had been sold off then the acquirer was contacted. Finally the researcher 

stated the deadline for answering, that all information collected would be treated confidentially, that 

contributions would not be used in such a way that the contributions of a single company would be 

revealed, and that the contact person should write or call had (s)he any questions regarding the topic 

or research project. The final section ensured confidentiality and anonymity of the respondents as 

required by ethical standards (Saunders, Lewis & Thornhill, 2007). 

If the contact person in the company needed to check the information internally an expected date of 

completion would be agreed upon by the contact person and the researcher. In the event the contact 

person had not finished collecting the information when it was due a new date would be agreed on. 

In almost all cases follow-up and reminders were necessary and done by both phone and email. 

Thus the data collection process applied structured/semi-structured interviews, follow-up calls or 

emails, and extensive use of reminders where respondents had a four month response time. This 

may have positively influenced the perceived trust of the researcher by the contact person in 

question and therefore the validity of the data provided (Saunders, Lewis, & Thornhill, 2007). 

Structured and Semi-structured interviews 

The interview form applied in this paper may be characterized as in-between the structured and 

semi-structured form. 

Structured interviews are based on a set of standardized or identical questions also referred to as 

interviewer-administered questionnaires (Saunders, Lewis, & Thornhill, 2007). The questions and 

possible pre-coded answers are then recorded prior to the interview and then introduced and used 
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during the interview. This approach ensures the mitigation of bias due to inconsistent use of 

wording or tone. 

However, because the definition and perception of R&D varies between industries and the aim of 

the data collection process was to update an already existing list of R&D units with information on 

shut downs, the questions and possible answers were not pre-coded and recorded. As a result the 

applied interview form does not meet the requirements of a structured interview, but instead a 

structured/semi-structured combination.  

In semi-structured interviews the researcher has a list of themes and questions to be covered during 

the interview (Saunders, Lewis, & Thornhill, 2007). The questions may vary between interviews as 

well as the order in which the questions are asked. In turn, the interview may more resemble a 

normal discussion of a particular topic than a pure recording of quantitative measures. As a result 

issues concerning data quality hereunder reliability, bias, and validity and generalizability need to 

be considered when using semi-structured interviews (Saunders, Lewis, & Thornhill, 2007). 

Most important in this study is interviewer and interviewee bias. Interviewer bias is when 

‘comments, tone or non-verbal behavior of the interviewer creates bias in the way that the 

interviewees respond to the questions being asked’ (Saunders, Lewis, Thornhill, 2007, p. 317-318). 

In other words, interviewer bias is when the interviewer imposes his or her own beliefs or frame of 

reference upon the interviewee. It cannot be dismissed that the interviewer when collecting data 

imposed his own beliefs upon the interviewee on the question what an R&D unit constitutes. On the 

other hand, since the researcher investigated whether an already recorded number of foreign R&D 

units were still operating and the communications department had a four month window to answer 

the question the effect of the interviewer‟s own beliefs and perception of R&D is considered low. 

Another issue is interviewee bias, or response bias, which is ‘caused by the perceptions about the 

interviewer’ (Saunders, Lewis, Thornhill, 2007, p. 318). Response bias is more severe in cases of 

sensitive information, if the interviewee perceives the interviewer as intruding, or if the interview is 

particularly time consuming. As with interviewer bias, its presence cannot be rejected, but the 

magnitude of its effect is believed be measureable in the response rate. 

The cumulative effect of these biases on the validity and generalizability of the conclusions made in 

the study are judged as low. It is the author‟s view that the collected data is subject to little bias 
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because answer options were binary or numerical, the questionnaire was short, and cases were 

removed in the event of doubt (See more in the section Operationalization of key variables). 

Operationalization of key variables 

Dependent variable 

The dependent variable in this study is hazard ratios (HR
4
). The hazard ratio expresses the hazard 

probability of one group of observations to another at a specific time t, given that the two groups 

have survived until time t. If the hazard ratio is 1 then the two groups have equal probability of 

experiencing an event at time t (See more in Appendix 1). To the author‟s knowledge a longitudinal 

study of hazard ratio of foreign R&D units has not been conducted before.    

Explanatory variables 

The explanatory variables in this study take the form of either binary or mean values. Mean values 

are used when estimating parameters of quantitative discrete variables (Kleinbaum & Klein, 2005). 

They are operationalized and discussed one by one.  

First, ‘Age’ is calculated as either year 2012, the year in which the study was conducted, minus the 

year of establishment, or as year when the R&D unit closed down minus year of establishment. In 

both cases the measure is a numerical variable. It is proposed that there is a negative association 

between the age of a foreign R&D unit and the unit‟s probability of being shut down at any given 

point in the period 1993 to 2012 i.e. that younger R&D units are more likely to be shut down. 

Second, ‘Acquisition’ is a proxy for the mode of establishment in form of a binary measure where 1 

equal acquisition and 0 is greenfield investment. It is proposed that there is a positive association 

between foreign R&D established by means of acquisition and hazard. 

Third, ‘Unrelated technology’ is a proxy for whether the foreign R&D unit was occupied in a new 

technological field to the company when the R&D operations began. The variable is binary where 1 

indicates a new technological area. It is proposed that an acquired R&D unit occupied in a new 

technological field to the company indicates a differentiation strategy and therefore may experience 

a relatively lower hazard than R&D units occupied in a similar technological field. 

                                                 
4
 See equation 21 in Appendix 1 
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Fourth, ‘Change in ownership’ is a proxy for a change in ownership of the foreign R&D operation 

in the period 1991 to 2012. Here 1 equals a change in ownership between 1991 and 2012. It is 

proposed that there is a positive association between a change in ownership and hazard. 

Fifth, ‘Acquired and ownership change’ is a binary proxy for foreign R&D units that had been 

acquired by a Swedish MNE in 1991 but have changed ownership since. Here a 1 represents R&D 

units that have been both acquired and experienced ownership change. It is proposed that the 

variable has a positive sign. 

Sixth, ‘Co-location’ refers to foreign R&D units co-located with manufacturing. It is a binary proxy 

where 1 equals co-location. The proposed sign is negative. 

Seventh, to measure the efficiency of communication between local and parent R&D the proxy 

variable „Difficulty finding person‟ is used. The variable is a 1-7 Likert item to the question ’It is 

very difficult to find the right person to talk to in central R&D’ where 1 refers to the respondent 

totally disagreeing with the statement and 7 to totally agreeing. The variable is thus a quantitative 

discrete variable. The expected sign of the explanatory variable is positive. 

To explain the proposed relationship between a subsidiary‟s degree of local autonomy and 

leadership and hazard five constructs are used (See Appendix 2 and additional details under 

Construct validity). The measures allow a nuanced view of possible explanatory decentralization 

factors‟ effect on hazard.  

First, L0 is based on the average Likert scale score of ‘The R&D budget’, ‘Which new R&D 

projects to pursue’, and ‘Hiring and firing of the R&D unit’s management’. It has a Cronbach‟s 

Alpha of 0.811. Second, L1 consists of ‘The overall direction of the R&D unit’s efforts’ and ‘Which 

new R&D projects to pursue’ and has a Cronbach‟s Alpha of 0.814. Third, L2 contains the variables 

‘Hiring and firing of the R&D unit’s management’ and ‘Hiring and firing of the unit’s R&D 

professionals’ and its Cronbach‟s Alpha is 0.738. Fourth, L3 contains ‘Which new R&D projects to 

pursue’ and ‘Documentation standards and norms’ and has a Cronbach‟s Alpha of 0.804. Finally, 

L4 contains ‘Hiring and firing of the unit’s R&D professionals’, ‘Training programs for R&D 

personnel’, and ‘Salary level for R&D employees’ and its Cronbach‟s Alpha is 0.891. 
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In addition, the local subsidiary‟s ability to produce high-quality outcomes from R&D projects 

‘keepquality’ is a proxy for an R&D units‟ leadership in estimating the proposed effect of local 

leadership on hazard.  

In sum to estimate the association between a subsidiary‟s degree of local autonomy and leadership 

and hazard five constructs and an additional single variable are used separately. 

Outlining of comparisons 

Table 1 below summarizes the operationalized hypotheses tested in this paper. 

TABLE 1 Overview of comparisons 

Dependent 

variable 

Independent 

variable 

Variable name Expected 

association 

# Hypothesis 

Hazard ratio 2012 minus year of 

establishment or 

Year of event minus 

year of 

establishment 

Age ( - ) H1 

Hazard ratio Mode of 

establishment = 

Acquisitions 

Rdestacq ( + ) H2 

Hazard ratio Mode of 

establishment = 

Acquisitions 

+ 

Unrelated 

technology 

Rdestacq 

+ 

Newtech2 

( + ) H3 

Hazard ratio Ownership change Ownership chg ( + ) H4 

Hazard ratio Acquisition + 

ownership change 

AcquisitionANDownershipchg ( + ) H5 

Hazard ratio Co-location of R&D 

and manufacturing 

Coloc ( - ) H6 

Hazard ratio Difficulty finding Difficulty finding person ( + ) H7 
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person in central 

R&D 

Hazard ratio Local autonomy and 

leadership 

„L0‟ : ‘R&D budget’, ‘new 

R&D projects’, and ‘hiring and 

‘firing of the R&D unit’s 

management’ 

( - ) H8a 

Hazard ratio Local autonomy and 

leadership 

„L1‟: ‘Overall direction of the 

R&D unit’s efforts’ and ‘new 

R&D projects’ 

( - ) H8b 

Hazard ratio Local autonomy and 

leadership 

„L2‟: ‘hiring and ‘firing of the 

R&D unit’s management’ and 

‘hiring and firing of the unit’s 

R&D professionals’ 

( - ) H8b 

Hazard ratio Local autonomy and 

leadership 

„L3‟: ‘new R&D projects’ and 

„Documentation standards and 

norms’ 

( - ) H8c 

Hazard ratio Local autonomy and 

leadership 

„L4‟: ‘Hiring and firing of the 

unit’s R&D professionals’, 

‘Training programs for R&D 

personnel’, and ‘Salary level 

for R&D employees’ 

( - ) H8d 

Hazard ratio Local autonomy and 

leadership 

Keepquality ( - ) H8e 

All regressions are tested at a 10 %, 5 %, and 1 % significance level.  

Data 

The data section is organized as follows. First, response rate and response bias are covered. Second, 

the credibility of the research design is discussed in terms of validity and reliability. The third 

section describes the data collected. All statistical analyses are done using the statistical software 

SPSS version 20.   
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Response rate and response bias 

In the original study by Nobel and Birkinshaw there were 75 foreign R&D units. 7 cases were 

removed because they lacked establishment year which brings the sample down to 68 cases. During 

the data collection process one case was removed due to complications with identifying the unit. 

Another unit was removed because the respondent did not recognize it as having ever performed 

R&D related activities (See more in the subsection Construct validity). A third unit was removed 

because the respondent did not reply before the deadline. This brings the sample size to 65 cases 

and gives a response rate of 95.6 % (65/68) or 86.6 % for the entire cohort. The response rate is 

considered very high and the presence of response bias is therefore not tested. That said the useable 

number of cases varies between tests due to missing explanatory variable data. 

Validity and reliability 

External validity 

The paper focuses on the estimation and comparison of hazard ratios of Swedish-owned R&D units 

located outside of Sweden in the period 1991 to 2012. The selected 75 foreign R&D units are the 

ones observed by Nobel and Birkinshaw (1998) for which extensive background data is available. 

The small sample of Swedish-owned foreign R&D units is representative in terms of Swedish R&D 

employment and Swedish foreign R&D expenditure but does not provide a representative picture 

across sectors. Also, observed survival may be negatively skewed because only R&D units of large 

multinational enterprises are sampled. 

Construct validity 

The recording of shut downs is subject to the applied definition of R&D as it influences the 

definition of R&D units. The author‟s understanding of a foreign R&D unit is based on the 

Organisation for Economic Coordination and Development‟s (OECD) definition of research and 

development and foreign direct investment (FDI). The 2002 Frascati Manual defines R&D as 

‘creative work undertaken on a systematic basis in order to increase the stock of knowledge, 

including knowledge of man, culture and society, and the use of this knowledge to devise new 

applications’ (OECD, 2002, p. 30). According to the manual, the term „R&D‟ covers three types of 

activities: basic research, applied research, and experimental development. 

‘Basic research’ is defined as ‘experimental or theoretical work undertaken primarily to acquire 

new knowledge of the underlying foundation of phenomena and observable facts, without any 

particular application or use in view’ (Ibid., p. 30). ‘Applied research’ is similar to basic research 
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but has specific practical aim or objective. And third, ‘experimental development’ draws on the 

current body of knowledge obtained through research to produce or improve already existing 

materials, products, processes, systems or services. The OECD‟s definition of R&D is widely used 

by American and European institutions including the European Commission (EC, 2012). 

Next, the OECD‟s definition of foreign direct investment can be found in their publication 

Benchmark Definition of Foreign Direct Investment from 2008 (OECD, 2008b). They define FDI 

as when an enterprise invests outside of its home country and the investment takes the form of a 

long-term relationship with the host country and the company exercises a significant degree of 

influence on the management of the enterprise. 

From these two definitions it is possible to create a context for observing foreign R&D of 

multinational enterprises and the recording of shut down. However, what constitutes R&D depends 

to some extent on the accounting policies chosen by a particular company which complicates 

matters both cross-sectional and over time (Petersen & Plenborg, 2012). Also, as this study updates 

an already existing dataset with survival information on the number of shut downs and changes in 

ownership, the practical recording of R&D is based on a subjective assessment by the respondent in 

line with the study by Nobel and Birkinshaw (1998). 

When the original data was collected in 1991 the questionnaires were completed at HQ, in others by 

divisional managers, and in yet others by the individual subsidiaries which should ensure quality. 

This is not to say that it solves the possibility of inconsistency between firms, industries, cultures, 

and over time. 

An issue which occurred during the data collection process relates to methodology and changing 

definition, or perception, of R&D over time. During the data collection process one respondent said 

that the tasks in a particular R&D unit could not be defined as R&D related neither in 2012 nor in 

1987. Thus between 1987 when the questionnaires were initially answered by corporate 

representatives and 2012 when the follow-up study on survival was conducted, it is possible that the 

definition or perception of R&D may have changed. There are of course two other possibilities. 

First, the 1987 observation may be flawed. This is judged to be highly unlikely since the reporting 

was done by corporate managers sometimes in collaboration with R&D personnel to secure 

reliability. Second, the respondent may be unaware that the tasks conducted at the particular unit are 

R&D related. In any event, the observation was removed from the sample due to this issue. 
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To analyze the proposed relationship between a subsidiary‟s degree of local autonomy and 

leadership and hazard it was necessary to construct explanatory proxy variables. 

Initially a construct was made of the average Likert score of all fourteen questions related to the 

degree of decentralization of decision making in the Nobel and Birkinshaw study (1998). This 

construct had a Cronbach‟s Alpha of 0.908 and the underlying variables acceptable correlation 

patterns (See Appendix 2). It was, however, removed early in the study after showing no significant 

association with hazard (See Appendix 2). 

Instead it was investigated if fewer variables with high correlation could be joined in single 

constructs. Because the literature offered little concrete evidence of possible associations between 

local autonomy in the area of decision-making and survival, the explanatory variables were paired 

from correlation results and subsequent reliability analysis. A correlation coefficient above 0.8 was 

would have been the ideal threshold; however, no such correlations were present. Instead the 

threshold 0.6 was selected. 

The 0.6 threshold enabled the construction of five reliable constructs (See Appendix 2). First, ‘The 

R&D budget’, ‘Which new R&D projects to pursue’, and ‘Hiring and firing of the R&D unit’s 

management’ (Cronbach‟s Alpha 0.811) called L0; second, ‘The overall direction of the R&D unit’s 

efforts’ and ‘Which new R&D projects to pursue’ (Cronbach‟s Alpha 0.814) called L1; third ‘Hiring 

and firing of the R&D unit’s management’ and ‘Hiring and firing of the unit’s R&D professionals’ 

(Cronbach‟s Alpha 0.738) called L2; fourth ‘Which new R&D projects to pursue’ and 

‘Documentation standards and norms’ (Cronbach‟s Alpha 0.804) called L3, and finally ‘Hiring and 

firing of the unit’s R&D professionals’, ‘Training programs for R&D personnel’, and ‘Salary level 

for R&D employees’ (Cronbach‟s Alpha 0.891) called L4. 

Continuing correlation between the constructs was analyzed (See Appendix 2 or Table 5). As 

visible there are strong and significant correlations between L0, L1, and L3 as well as between L1 

and L2. Some of these measures, for example L1 and L3, could be removed and interpretation of 

results from these variables should be done with caution. The variables are all kept for hazard 

analysis, however. 

Data overview 

This section describes the distribution of events, age, and the recorded ownership changes in the 

sample. 
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Between 1991 and 2012, 29 out of 65 foreign R&D units in the examined sample shut down. As 

illustrated in Table 2 and Figure 1 this amounts to 44.6 percent or a little less than half of the 

sample. 

The 29 shut downs were registered between year 1993 and 2011. The years 2001 and 2005 

experienced the highest number of shut downs which were 4, see Figure 2. 
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an event 

45% 
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experience an 

event 

55% 

Figure 1 

Number of cases that 

experienced an event  

Table 2 Overview of shut downs  

Number of foreign R&D units that were 

shut down between 1991 and 2012  

  Number Percentage 

Yes 29 44.6 

No 36 55.4 

Total 65 100 

Source: author’s interviews 
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Next is a description of the sampled R&D units‟ age, see Table 3 and Figure 3. The highest 

observed age in the sample is 84 and the lowest is 5 years. The average age of the sampled foreign 

R&D units is 29.5 and the median is 27 year. The mode is 30 years. 

 

 

Table 3 Descriptive statistics of R&D units’ age  

Number of cases 65 

Average age 29.54 

Median 27 

Mode 30 

Minimum age 5 

Maximum age 84 

Source: author’s interviews 
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Annual number of shut downs in the 

period 1991 to 2012 

Source: Author’s interviews 
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During the data collection process change in ownership of foreign R&D units was also recorded. Of 

the 65 sampled units 12 experienced a change in ownership during the period of investigation. This 

amounts to 18.5 percent. Table 4 illustrates the combined frequencies of events and ownership 

change. On the face of it there does not seem to be an association between a change in ownership 

and being shut down. Of the 12 who experienced a change in ownership 4 also experienced an event 

while the remaining 8 did not. Unfortunately it is not possible to conduct a significance test 

comparing the two groups because they do not meet the minimum of 5 observations in each 

category (Agresti & Franklin, 2009).  

 

Table 4 Contingency table 

 

Ownership 

change   

  

 

Yes No  Total 

Shut down Yes 4 25 29 

  No 8 28 36 

  Total 12 53   

 Source: author’s interviews 
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Figure 3 Age distribution of sampled foreign 
R&D units 

Source: Author’s interviews 
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Results 

Correlations 

First an analysis of correlations between the independent variables was made using 2-tailed Pearson 

Correlation tests. The results are displayed in Table 5 and discussed in turn. 

To begin with, there is a significant (p < 0.041) and positive correlation (0.27) between the age of 

the R&D units in the sample and the proxy for local leadership ‘keepquality’ degree of local 

autonomy. The correlation is below 0.8 so the two variables do not significantly interfere with each 

other. The correlation gives a loose indication of foreign R&D units improving their performance 

over time. 

Second, the correlation between ‘rdestacq‘ and ‘AcqANDOwnershipchg’ was expected. 

Third, there is a significant (p < 0.002) and positive correlation (0.383) between mode of 

establishment ‘rdestacq‘ and co-location with manufacturing ‘coloc.’ As described by Håkanson 

and Nobel (1993) in the 1980s Swedish multinationals expanded rapidly abroad by means of 

acquisition which may explain this correlation. The correlation is weak so no further action is taken. 

As expected the Pearson correlation test also shows a significantly (p < 0.000) and positively 

(0.706) correlation between ‘Ownershipchg’ and ‘AcqANDOwnershipchg’. 

The co-location with manufacturing variable is weakly correlated with the constructs L1 and L2. No 

further measures are taken. 

In Table 5 it is visible that there are some correlation issues with the constructs. L0 is significantly 

and positively correlated with L1 (0.814, p < 0.000) and L3 (0.840, p < 0.000). Likewise, L1 is 

significantly (p < 0.000) and positively (0.865) correlated with L2. One solution is to remove the 

construct L1 and L3, but there are other solutions depending on one‟s priorities. All variables are 

kept at this point for further analysis. 
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Table 5 Correlation matrix 

 

Source: author’s interviews 

Assessing the proportional hazard assumption 

To evaluate if proportional hazard assumption
5
 holds and to see if there is a need to use an extended 

proportional hazards model instead three tests were applied to the explanatory variables namely 

comparison of estimated –ln(-ln) survivor curves, Goodness of Fit, and time-dependent variables 

(Kleinbaum & Klein, 2005). 

When measuring Goodness of Fit the Schoenfeld residual requires categorical variables and 

therefore the numerical variables had to be transformed. As proposed by Kleinbaum and Klein it is 

important to keep the number of categories low when transforming numerical variables into 

categorical ones when estimating Goodness of Fit (Kleinbaum & Klein, 2005). Therefore all 

                                                 
5
 If the hazard ratio when comparing two explanatory vectors is constant over time, or: 

 ̂(    )

 ̂(   )
    ̂  
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numerical variables were transformed into binary measures. To reduce the impact of extreme values 

age was tested using median age while the remaining Likert scale variables used averages. 

To use time-dependent variables a product term has to be defined. The product term consists of the 

explanatory variable in a selected relationship to a time component and in this paper      was 

selected. 

All of the estimated –ln(-ln) survivor curves seem to be parallel which indicate the proportional 

hazard assumption holds (See Appendix 3). The Goodness of Fit tested by Schoenfeld residuals also 

indicates that none of the explanatory variables exhibit time dependency (See Appendix 3). Lastly, 

the time dependent variable test shows that the explanatory variables ‘unrelated technology’ and 

‘quality of output’ may be time independent at a 5 percent significance level (See Table 6 and 

Appendix 3).  However, since the signs of the product terms differ from the expected signs of the 

time independent variables and because neither the –ln(-ln) survivor curves and the Goodness of Fit 

tests support time dependency, the proportional hazard assumption seem to hold for all explanatory 

variables. 

 

These results are curious. Since evidence suggest that R&D units gradually integrate over time one 

would expect that the positive hazard effect from for example acquisition as mode of establishment 

would gradually decrease over time as the R&D unit integrates. Likewise, one may also propose 

that issues related to difficulties in communicating with parent R&D should decrease over time as 

local R&D figures out who to talk to at central R&D. This would imply a decreasing hazard over 

time. One reason why the explanatory variables are not time dependent is that the product term 

Table 6 Selected output from Appendix 3 

Time dependent variable test. Product term (T_COV_) =      
 B S.e. Sig. Exp(B) 

Age -0.581 0.183 0.001** 0.559 

T_COV_ 0.006 0.007 0.419 1.006 

     

Unrelated 

technology 

(newtech2) 

-4.292 2.169 0.048* 0.014 

T_COV_ 0.156 0.075 0.037* 1.169 

     

Keepquality 0.621 0.52 0.233 1.86 

T_COV_ -0.05 0.025 0.046* 0.951 

Source: Appendix 3 
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between the explanatory variables and time may have been specified incorrectly. Most likely 

alternatives include concave, convex, and logarithmic functions.   

Proportional hazard regression results 

To test the proposed hypotheses a series of proportional hazard regressions were run. The results 

from these tests are reported in Table 7. Survival curves and general information about them are 

found in Appendix 4. Table 8 recaps the underlying explanatory variables in the constructs. 
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Table 8 Overview of constructs 

 Variable names 

L0 ‘The R&D budget’ ‘Which new R&D projects 

to pursue’ 

‘Hiring and firing of 

the R&D unit’s 

management’ 

L1 ‘The overall direction of the R&D 

unit’s efforts’ 

‘Which new R&D projects 

to pursue’ 

- 

L2 ‘Hiring and firing of the R&D unit’s 

management’ 

‘Hiring and firing of the 

unit’s R&D professionals’ 

- 

L3 ‘Which new R&D projects to pursue’ ‘Documentation standards 

and norms’ 

- 

L4 ‘Hiring and firing of the unit’s R&D 

professionals’ 

‘Training programs for 

R&D personnel’ 

‘Salary level for R&D 

employees’ 

 

First, data support that age is significantly and negatively related to the hazard ratio of an R&D unit. 

This is in support of H1 that as the age of foreign R&D units increases, the risk of being shut down 

decreases. The age parameter is -0.461 and the hazard ratio 0.631 significant at a one percent level 

(p < 0.000) in a 95 percent confidence interval between 0.528 and 0.752. The hazard ratio and the 

mean tell that foreign R&D units with an age of 29 years are between 25 and 48 percent less likely 

to be shut down at a given point in time than units of other age. 

H2 tested the connection between acquisition as mode of establishment and increased exposure to 

being shut down. Data confirms this second hypothesis as acquisition as mode of establishment 

positively correlates with hazard. The acquisition as mode of establishment hazard ratio is 2.308 (p 

< 0.035) in a 95 percent confidence interval between 1.059 and 5.031. The estimated hazard ratio 

for acquisition as mode of establishment is the highest among the proposed explanatory variables. 

Third H3 tested if acquired R&D units working in technological fields unrelated to the acquiring 

parent experience lower hazard as these units may be the result of deliberate differentiating 

strategies. Data, however, did not support this hypothesis (Prob > chi2 0.101). Even though the 

model is not significant, however, the signs of the variables seem to be in line with what was 

predicted. 
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Continuing, no support was found for a positive association between ownership change and hazard 

(p < 0.882). The result may be explained by only 12 laboratories experiencing ownership change 

during the period of investigation. 

Fifth, no support was found for H5 which proposed a positive association between acquisition and 

mode of establishment plus change ownership and hazard (p < 0.934). 

Neither did the data support the proposed negative association between colocation of manufacturing 

and R&D laboratories and hazard (p < 0.733). Surprisingly the coefficient sign was different from 

what was expected which suggests that colocation may have a negative impact on survival. 

However, since the results are not significant this peculiar observation needs further investigation. 

A positive correlation between the perceived difficulty of finding the right employee at corporate 

R&D and hazard was found at a 5 percent significance level (p < 0.032). The parameter of the 

variable is 0.311 and the hazard ratio is 1.365 in a 95 percent confidence interval between 1.027 and 

1.814. The parameter is estimated from the mean value of the explanatory variable which is 2.789. 

The results support H7 which proposes that cumbersome communication between local subsidiaries 

and parent R&D has a negative impact on survival. 

Hypothesis eight was tested in a series of equations. No support was found for the constructs L0, 

L1, L2, or L3 (See table 7). Nonetheless the sign of L0 is positive which was unexpected. 

However, L4 showed significant at a 1 percent significance level (p < 0.006) with hazard ratio of 

0.593 in a 95 percent confidence interval from 0.409 to 0.861. The mean value of L4 is 4.563. 

Second, a negative correlation was found at a 5 % significance level (p < 0.043) for the effect of 

producing high quality R&D output on hazard. The coefficient is -0.361 and the hazard ratio 0.697 

in a 95 percent confidence interval between 0.491 and 0.988. 

Finally, a full model was tested. Overall the model showed significant with a prob > chi2 of 0.000 

and a -2 log likelihood of 145.964. Only one variable in the model, age, was significant (p < 0.029) 

returning a hazard ratio of 0.017. If the full model is compared with regressing age on hazard alone, 

then it is visible from a comparison of the -2 log likelihood scores (145.964 - 203.714) that the 

parsimonious model is relatively better.  
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Discussion  

Research on R&D internationalization has proposed that foreign R&D units develop distinct 

capabilities over time and that this development is associated with communication with the local 

environment and other corporate functions (Florida, 1997; von Zedtwitz & Gassmann, 2002). Thus 

if R&D units develop capabilities over time, then one would expect single negative events such as 

an acquisition or a change in ownership to have a negative effect but that this negative effect would 

decrease over time. Therefore it was quite surprising to observe that none of the selected 

explanatory variables in the study exhibited time dependency in form of the selected product term. 

This peculiar observation may most likely be explained by the particular specification of the 

product term. The explanatory variables may be in a none-linear relationship such as a convex, 

concave or logarithmic. 

Second, the evidence in this study suggests that as R&D units grow older they reduce their risk of 

being shut down. The negative association between age and hazard compliments prior propositions 

that local R&D units develop distinct capabilities by adding evidence of improved survival 

probability over time (Monteiro, Arvidsson, Birkinshaw, 2008; von Zedtwitz & Gassman, 2002). 

The reduced risk may also be associated with experience and learning, the R&D unit‟s integration 

into the corporate R&D network, and embeddedness into the local environment as proposed by 

Håkanson and Zander (1988) and Florida (1997). 

The positive association between acquisition as mode of establishment and hazard is in line with the 

propositions by Håkanson and Nobel (1993) that acquired R&D units have a higher risk of shutting 

down since they may be duplicating R&D tasks already done elsewhere. However, the model 

controlling for new technologies to the firm was not significantly negatively related to hazard which 

is puzzling. A possible explanation is that some foreign R&D units working with unrelated 

technologies may never integrate into the corporate R&D network and therefore suffer from the 

‘liability of internal isolation’ (Monteiro, Arvidsson, & Birkinshaw, 2008, p. 90). 

No significant positive association was found between ownership change and hazard. This may be 

due to the small number of registrations of ownership changes i.e. sample size, or the quality of the 

explanatory variable. Since ownership change should constitute the same as an acquisition I believe 

the explanation is found in the sample size. 
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That the study found no significant association between the combination of the two variables 

acquisition as mode of establishment and ownership change and hazard is linked to sample size 

discussed in the paragraph above. 

H6 proposed a negative association between the co-location of manufacturing and R&D and hazard. 

The proposed association was grounded in the observations by Ketokivi and Alo-Yrkkö that co-

location is associated with product complexity, process complexity, and industry rate of change 

(Ketokivi and Alo-Yrkkö, 2009). In this study it was proposed that complexity may be positively 

associated with economic return and therefore co-location of R&D and manufacturing may 

constitute a long term commitment by the MNE. Because of this co-location may be negatively 

associated with hazard. The proportional hazard results showed no support for such association, 

however (p < 0.733). The reason may be that a significant share of the co-located R&D units in the 

sample was also acquired. This correlation was significant at a 1 percent significance level (p < 

0.002), Table 5. This may also explain the estimated positive sign of co-location in the regression 

results. 

Greybadze and Reger (1999) have proposed that the organizational structures around R&D in 

multinationals have grown overly complex after a period of rapid international expansion by 

multinationals. In addition as Swedish MNEs during that period were characterized by relatively 

loose control systems and high local autonomy they established new local R&D sometimes without 

formal approval from HQ (Håkanson & Nobel, 1993). In this study it was assumed that overly 

complex organizational structures are related to cumbersome communication, that cumbersome 

communication impedes the performance of local subsidiaries and therefore that cumbersome 

communication is positively related to hazard. The study found support for this hypothesis. 

However, the data indicated that the effect of cumbersome communication between local and parent 

R&D is constant over time which on the face of it seems implausible.  More likely the issue of 

cumbersome communication should decrease over time as the local R&D units learn how to 

efficiently communicate with corporate R&D. 

Lastly, the study investigated the role of local autonomy and local leadership on the survival 

probability of foreign R&D units. The propositions were influenced by the findings of among other 

Birkinshaw, Hood, and Jonsson (1998) that the ability of local R&D units to develop capabilities is 

linked to the autonomy of the R&D units and their interaction with other departments and external 

actors (See also Frost, Birkinshaw, & Ensign, 2002; Greybadzer & Reger, 1999; Mudambi & 
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Navarra, 2004; Rugman & Verbeke, 2001; Zander, 1997). To analyze local autonomy five 

constructs were created. The analysis showed that the three variables ‘Hiring and firing of the unit’s 

R&D professionals’, ‘Training programs for R&D personnel’, and ‘Salary level for R&D 

employees‟ were significantly and negatively related to hazard. This indicates that the ability of 

local R&D units to manage local employment as well as their training has a positive effect on the 

local units‟ survival probability. On the other hand, the overall direction of the R&D unit‟s efforts 

and which new R&D projects to pursue (L1) were not significantly related to survival. This is 

interesting as it proposes that R&D units do not necessarily benefit from absolute local autonomy 

but that some areas, such as the direction of R&D, may best be decided centrally. The integration of 

R&D units thus faces important nuances which should be taken into consideration when organizing 

the MNE‟s R&D activities across borders. In addition, the positive association between a unit‟s 

ability to produce high quality outcomes and survival, in this study a proxy for local leadership, 

indicates that leadership is significant for survival and thus supports the findings of Birkinshaw, 

Hood, and Jonsson (1998). 

Conclusions 

R&D internationalization may be categorized as a subcategory under the broader topic of 

globalization of value chain activities. The literature has identified asset-exploitation and asset-

augmenting as the two main drivers of R&D internationalization. However, regardless the motive 

behind R&D internationalization the shortening of product cycles, rising costs of R&D, and 

increasing competition have led to a stronger focus on management and integration of R&D across 

borders. Evidence suggests that successful integration of R&D units is associated with technology 

transfer and therefore the utilization of local knowledge and capabilities on a global scale. Most 

prior research on R&D internationalization draw their inferences from cross-sectional data collected 

by company questionnaires, aggregate data on patent filings of innovations carried out in foreign 

affiliates, or national data on business R&D expenditure. As a result the characteristics of foreign 

R&D units may be subject to survivorship bias. To solve this issue this paper proposes that 

subsidiary performance be measured as survival using time-to-event analysis. The time-to-event 

analysis is performed on a set of 65 foreign R&D units in 15 Swedish multinationals analyzed in the 

time period 1991 to 2012. 

The study found five significant explanatory variables. First, the evidence suggests positive 

associations between age; a high degree of local autonomy over hiring and firing of the unit‟s R&D 
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professionals, training programs for R&D personnel, and salary level for R&D employees; and third 

the ability to produce high quality output of a foreign R&D unit and survival. Second, acquisition as 

mode of establishment, and cumbersome communication between local and parent R&D are 

negatively associated with survival. 

A curious observation was that all the explanatory variables fulfilled the requirements of the 

proportional hazards assumption. This may be explained by the selection of product term which 

took a standard linear shape. Proposed alternatives include convex, concave, and logarithmic 

functions.  

Perspective 

This study gives rise to a set of questions that will be interesting to answer in future research. First, 

the issue of ownership change. It is fair to assume that ownership change is similar to an 

acquisition, the only difference being in the eye of the beholder. So since this study did not find 

evidence in support of the hypothesis that ownership change is negatively associated with survival 

more research is necessary. One possible flaw in the present study is the sample size. Second, it was 

curious that none of the explanatory variables exhibited time dependency. This may be a 

consequence of the selected product term. Further research should therefore analyze whether 

alternative product terms give rise to time dependent variables. Proposed alternatives include 

convex, concave, or logarithmic functions.    
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Appendix 1 

Survival Analysis 

This section gives an account of survival analysis and the components survival distribution, the 

cumulative distribution function, the probability density function, and the hazard function. The 

outline of survival analysis is based on the works of Oakes (1983), Le (1997), and Clark, Bradburn, 

Love, and Altman (2003).  

 Survival analysis is the study of the time 

period between a subject entering a study 

and the subject experiences an event. The 

object of analysis is the lifetime the subject 

“survives” before this event occurs, in 

traditional cases death or remission. 

Commonly survival analysis is applied in 

medical research as a way to measure the 

effect of cancer treatments. For example, 

Levy, Procher, Delabarre, Leporrier, Cazin, 

and Chevret (2001) have compared survival 

from three types of treatment in patients with stage B- or C- chronic lymphocytic leukemia. Another 

example is Brenner and Hakulinen (2003) who studied survival based on the nationwide Finnish 

Cancer Registry by comparing estimates of 10-, 15-, and 20- years relative survival rates in the 

period 1953 and 1997. “Survival” analysis may mislead people into thinking that the event studied 

must be death or remission. Events, however, could be any type of outcome that transfers a subject 

from one discrete state to another at an instantaneous moment in time such as a stock market crash 

or the failure of a piece of equipment. Because survival analysis‟ primary use in medical studies, 

however, an event is usually also called a „failure‟.  

A central aspect of survival analysis is the use of incomplete data. In medical studies subjects might 

withdraw from a study prior to their completion or may never experience the event within the 

period of study. To solve this issue survival analysis applies censoring techniques. Censoring 

techniques allows subjects participation on a rolling basis, early withdrawal and the opportunity of 

an event not occurring; in other words, censoring techniques allow us to work with incomplete data. 

Figure A1 

 



Page 47 of 73 

 

If a subject does not experience an event until after the study‟s time period it is called right-

censoring and if the event occurs before the period of observation it is called left-censoring, see 

figure above. In the event that an event happens in between two time intervals it is called interval-

censoring (See more on censoring in e.g. Clark, Bradburn, Love, & Altman, 2003). The most 

common type of censoring is right-censoring. 

Survival distributions 

This section gives an account of the measures and functions used in survival analysis. For the sake 

of simplicity assume the population is humans and an event is death so that subjects are alive until 

an event or „failure‟. 

In a population let a positive random variable T 

represent a subject‟s lifetime. Second, denote a 

specific point in time where we are interested in 

knowing if a subject is alive, t. Then survival, S, is 

the probability of T exceeding t which represents 

the probability of the subject being alive and that 

an event has not happened within t time 

 ( )    (   ) (    ). (1) 

 

For example, S(2) is the probability of surviving 2 

units of time and S(10) 10 units of time and so on. 

In most cases we assume theoretically that S(0) = 1 and     as        see figure A2.  

The cumulative distribution function  

Opposite of survival, the cumulative distribution function F(t)  

 ( )    (   ) (2) 

expresses the probability of failure at or before t and can also be written  

     ( ). (3) 

The cumulative distribution function expresses the population‟s total mortality rate at time t. If you 

reorganize the function as 

Figure A2 
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 ( )     ( ) (4) 

it becomes the survivor function and expresses the population probability of survival at time t. For a 

continuous variable the probability density function is as usual f(t)= F’(t) 

 ( )     
    

  (           )

  
 (5) 

The hazard function 

Next, the hazard function or risk function h(t) expresses the instantaneous failure rate given that the 

participant has survived to t and is written 

 ( )     
    

  (             |     )

  
  (6) 

 

This function is sometimes called the conditional failure rate and says that hazard is the probability 

that T is equal to or above t but lower than t plus delta given that T is equal to or above t divided by 

a small time interval delta. This gives us a probability per unit of time or a rate. As delta approaches 

zero the hazard function will express the instantaneous rate of failure at t given our population has 

survived until t. 

By comparing equation 6 with equation 4 and 5 you see that it can be rewritten as 

 ( )  
 ( )

(   ( ))
 (7) 

and therefore 

 
 ( )

 ( )
 (8) 

 

   [

  ( )
  
  ( )

]  (9) 

This means that survival as a function of hazard is then expressed 

 ( )     *  ∫  ( )  
 

 

+  (10) 
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From this we see that if we know the hazard function we can always find the survival function and 

vice versa. Also, if failure is constant, for example h(t) = α, then the population has the same 

probability of failure throughout its lifetime and survival is then exponential. 

The proportional hazards model
6
 

This section looks at a method of estimating survival in samples with one or more known 

explanatory variables based on the writings of David Roxbee Cox (1972). It begins with an outline 

of the model and its properties followed by how it estimates parameters and hazard ratios. Then it 

looks at how the proportional hazards model estimates survival curves and lastly it discusses the 

assumption of constant hazard ratios. 

Suppose you have a sample with j number of subjects. Then let p denote number of explanatory 

variables, X, for each subject and denote these X1, … Xp. Next let the explanatory variables be 

related to the subjects as X = Xj = (X1j, …, Xpj). From this the proportional hazards model is written 

 ( | )    ( )    (                )  (15) 

where X on the left hand side is a vector of the explanatory variables (X1, X2, …, Xp). This model 

estimates hazard at time t given the set of predictors as a function of the two legged expression on 

the right hand side. The first leg is a baseline hazard function h0(t) and the second part is a power 

equal to the exponential expression e to the linear sum of (β1j, X1j + … + βpj, Xpj). The proportional 

hazards model is used to estimate the unknown parameters β‟s. 

Important to notice here is that the underlying hazard function depends on time, t, and not on any of 

the explanatory variables, X’s, while the exponential function depends on the explanatory variables 

but is independent of time. Therefore the explanatory variables are time-independent in this version 

of the model. A time-independent variable is defines to be any variable whose value is constant for 

an individual over time such as gender, race and eye color and so on (Kleinbaum & Klein, 2005). 

Another property of the function is that if all X‟s are equal to zero then the exponential function 

equals e to the zero and therefore the hazard function is reduced to baseline hazard function h0(t). 

                                                 
6
 This section follows the explanation given in Kleinbaum and Klein (2005). The proportional hazards model is also 

referred to as the „Cox model‟ or „Cox proportional hazards model‟ in the literature. In this text „proportional hazards 

model‟ is used. 
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A third property of the function is that it is semiparametric. Whereas a parametric model is 

specified for all variables except of the values of the parameters, the baseline hazard function h0(t) 

in the proportional hazards model is unspecified and only the parameters are specified and therefore 

the model becomes semiparamteric. Even though the proportional hazards model is semiparametric 

is has shown to be “robust” and therefore it has become popular. The “robustness” stems from its 

ability to estimate parameters correctly in the sense that its estimates approximate those estimated 

by a correct parametric model (Kleinbaum & Klein, 2005). Another factor which has contributed 

the popularity of the proportional hazards model is the function itself which exhibits a nonnegative 

feature. Because the equation‟s second part is exponential the formula cannot result in negative 

hazard estimate. This is a valuable feature since hazards are always nonnegative. Finally the 

proportional hazards model uses more information than the traditional logistic model in cases of 

censoring. Whereas the outcome of the logistic model is binary and ignores survival times and 

censoring the proportional hazards model estimates parameters and includes survival times and 

censored data. 

Estimation of parameters 

The proportional hazards model uses partial likelihood to estimate the parameters. To explain this 

concept this section begins by looking at the traditional estimation of maximum likelihood and then 

turns to partial likelihood.  

Assume that you have one coin, x, and toss it n times. If it is heads you denote it 1 and if it is tails 

you denote it 0. Suppose you are interested in estimating the probability of heads, p, for n trials in 

other words the maximum likelihood for heads. If you assume that the outcomes follow a Bernoulli 

distribution you can estimate the probability as: 

 (  | )   
  (   )      (16) 

 

where p is the probability of heads for the ith coin toss. Then estimating the maximum likelihood 

for p based on multiple trials and the likelihood of heads may be found simply by multiplying the 

individual probability function for each coin toss we may express this sum of likelihoods, L, as: 

 ( |       )  ∏ (  | )

 

   

  (17) 
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Then take the logarithm of L 

   ( |       )  ∏   (  | )

 

   

 (18) 

 

and estimate the likelihood by differentiation with respect to X. 

In the proportional hazards model the β‟s are estimated using a partial likelihood function and 

estimates are denoted as   ̂. 

Suppose you have a sample of n observations consisting of c numbers of censored observations and 

k numbers of failures. Then the likelihood is calculated as the number of failures at time j, kj, 

divided by the “risk set” at time j, R(tj) and the partial likelihood is the product of k likelihoods 

                   ∏  

 

   

  (19) 

The partial likelihood differs from a normal likelihood function in that it calculates probabilities by 

including observations that are later censored in its “risk set,” R(tj), and the likelihood is based on 

the observed order of events
7
. In the maximum likelihood denominator you only include subjects 

who experience an outcome at some point in time during the study, while when you estimate partial 

likelihood you include censored observations. Therefore, the “risk set” used in the partial likelihood 

denominator at a particular point in time consists of more subjects than the maximum-likelihood 

denominator at the same point in time. Second, when using partial likelihood events are ordered 

according to the time they occur. Thus the likelihood is not a joint probability of the observed data 

based on an a priori assumption about the distribution, but instead one maximizes the natural log of 

L and take the partial derivative of log of L using iteration to find the maximum-likelihood 

estimates for all parameters βp: 

    

   
   (20) 

                                                 
7
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Estimation of hazard ratios 

Next this paper looks at how to estimate hazard ratios (HR). A hazard ratio is defined as the relative 

hazard between two individuals or groups of individuals. This can be written as 

  ̂  
 ̂(    )

 ̂(   )
 (21) 

where X indicates a set of predictors for a given individual where one individual is identified with 

an asterisk. If one substitute the proportional hazards formula, equation 17, into expression 20 you 

get 

  ̂  
 ̂ ( )  

∑  ̂   
 ̂ 

   

 ̂ ( )  
∑  ̂   
 
   

  ∑  ̂ 
 
   (  

    )  (22) 

Since the numerator and the denominator both contain the baseline hazard they cancel out and by 

using exponential algebra you can rewrite the exponential expression as a power equal to the 

exponential of the sum of the difference between Xi
*
 and Xi times βi,. In this paper the estimated 

hazard ratio is defined so that it is above 1 which insures an intuitive interpretation. This is done by 

putting the group with the highest hazards in the numerator (Xi
*
). 

In practice, suppose you have a sample with one binary component vector (X = X1), for example 

gender where 1 is female and 0 is male, and a coefficient β1 which is 2.5. To estimate the hazard 

ratio plot the data into the formula above  

  ̂   ∑  ̂ 
 
   (  

    ) (22a) 

 

  ̂      (   ) (22b) 

 

  ̂           (22c) 

   

The result is that in this sample the exposed group, female, is some 12 times more exposed than 

males to a given event. 
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Adjusted survival curves 

It is also possible to find survival curves with the proportional hazards model. These curves are 

called adjusted survival curves because they adjust for the effects of the explanatory variables. 

Similar to Kaplan-Meier survival curves tough they are displayed as discrete step functions. 

Begin with the usual proportional hazards function  ( | )    ( )  
∑  ̂ 
 
      and convert it into the 

proportional hazards survival function 

 ( | )  [  ( )]  
∑  ̂ 
 
       (23) 

The proportional hazards survival function describes survival at time t as an underlying survival 

function   ( ) raised to a power equal to the exponential of the sum of βi times Xi. Thus when one 

estimates survival and adds the “hat” notation you get  

 ̂( | )  [ ̂ ( )]  
∑  ̂̂ 
 
       (24) 

To obtain adjusted survival estimates one needs to specify a value for each of the components in 

vector X. This value is usually either the arithmetic mean or a median and in those cases equation 

23 can be rewritten 

 ̂( | )  [ ̂ ( )]  
∑  ̂̂  ̅   (25) 

where the product of additional components and their respective coefficients are added on. 

The constant hazard ratio assumption 

Looking back at equation 20 and 21 recall that the time components cancel out and therefore the 

hazard ratio is independent of time t and constant between subjects. Equations 20 and 21 are 

repeated below.  

  ̂  
 ̂(    )

 ̂(   )
 (20*) 

 

  ̂     ∑ ̂ 

 

   

(  
    ) (21*) 

If you denote the hazard ratio constant   ̂ then you can rewrite the hazard ratio equation 20 and 21 

as  
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 ̂     ∑ ̂ 

 

   

(  
    ) (26) 

and 

which in turn is rewritten 

From the above equations one sees clearly that the hazard ratio is independent of time. In equation 

27 for instance, note that the estimated hazard for subject* is proportional to the estimated hazard 

for another subject where the proportionality lies in the constant  ̂  

Looking back at the example in equations 21a-c recall the estimation of the hazard ratio for females 

as 12 times that for males, or   ̂    . According to the constant hazard ratio assumption this ratio 

needs to be constant over time for it to be used the proportional hazards model. If this is not the 

case, then the assumption does not hold and it cannot use the proportional hazards model. Instead 

the extended proportional hazards models may apply. A way to test if the hazard ratio is time 

independent is to map out hazards over time and see if they cross. In case they cross then the hazard 

ratio is not constant. 

 

 ̂(    )

 ̂(   )
    ̂ (27) 

 ̂(    )    ̂ ̂(   )  (28) 
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Appendix 2 

To begin with one single „local autonomy‟ variables was attempted, but did not associate with 

hazard. The process is documented below. The data below is organized as follows. First the strong 

Cronbach‟s Alpha suggested the variable was reliable. Second a correlation matrix for the 14 

explanatory variables show significant cross correlations among the variables. Third, the construct 

showed no association with hazard.  

‘Local autonomy’ (decentra) construct reliability test, all fourteen variables 

 

Case Processing Summary 

 N % 

Cases 

Valid 51 78.5 

Excludeda 14 21.5 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.908 .916 14 
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Item Statistics 

 Mean Std. Deviation N 

decrdbudget 3.06 1.223 51 

decoveralldirection 3.22 1.238 51 

decnewrdprojects 3.25 1.354 51 

dechiremgmt 3.61 1.457 51 

dechirerdprofs 4.51 .967 51 

deccoopotherrd 3.90 1.269 51 

deccoopmfg 4.06 1.333 51 

deccoopext 4.06 1.190 51 

dectraining 4.55 1.045 51 

decdesign 3.90 1.345 51 

decsalary 4.61 .961 51 

dectransfer of emp btw units 3.90 1.237 51 

decstandardsnorms 2.71 1.747 51 

decreport 3.02 1.619 51 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

decrdbudget 49.29 135.172 .526 .679 .905 

decoveralldirection 49.14 130.281 .701 .639 .899 

decnewrdprojects 49.10 128.490 .694 .772 .899 

dechiremgmt 48.75 131.514 .538 .710 .905 

dechirerdprofs 47.84 134.135 .740 .893 .899 

deccoopotherrd 48.45 131.253 .646 .694 .901 

deccoopmfg 48.29 130.132 .649 .698 .900 

deccoopext 48.29 131.812 .673 .662 .900 

dectraining 47.80 134.561 .659 .727 .901 

decdesign 48.45 132.173 .571 .503 .903 

decsalary 47.75 135.354 .687 .862 .901 

dectransfer of emp btw units 48.45 132.453 .620 .704 .902 

decstandardsnorms 49.65 126.713 .556 .653 .906 

decreport 49.33 129.307 .535 .519 .906 
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Correlation Matrix for decentralization of decision-making variables 

 

‘Local autonomy’ (decentra) on hazard 

 

Case Processing Summary 

 N Percent 

Cases available in analysis 

Eventa 29 44.6% 

Censored 31 47.7% 

Total 60 92.3% 

Cases dropped 

Cases with missing values 5 7.7% 

Cases with negative time 0 0.0% 

Censored cases before the 

earliest event in a stratum 
0 0.0% 

Total 5 7.7% 

Total 65 100.0% 

a. Dependent Variable: Time 

 

 

Omnibus Tests of Model Coefficientsa 

-2 Log 

Likelihood 

Overall (score) Change From Previous Step Change From Previous Block 

Chi-square df Sig. Chi-square df Sig. Chi-square df Sig. 

198.036 .537 1 .464 .539 1 .463 .539 1 .463 

a. Beginning Block Number 1. Method = Enter 
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Variables in the Equation 

 B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B) 

Lower Upper 

decentra -.121 .165 .535 1 .464 .886 .642 1.224 

 

 

Covariate Means 

 Mean 

decentra 3.237 
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L0 construct 

 

Case Processing Summary 

 N % 

Cases 

Valid 60 92.3 

Excludeda 5 7.7 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.811 .817 3 

 

 

Item Statistics 

 Mean Std. Deviation N 

decrdbudget 3.08 1.211 60 

decnewrdprojects 3.32 1.396 60 

dechiremgmt 3.70 1.430 60 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

decrdbudget 7.02 5.983 .749 .561 .665 

decnewrdprojects 6.78 5.766 .623 .427 .782 

dechiremgmt 6.40 5.600 .627 .434 .780 

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

10.10 11.888 3.448 3 
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L1 construct 

 

Case Processing Summary 

 N % 

Cases 

Valid 61 93.8 

Excludeda 4 6.2 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.814 .815 2 

 

 

Item Statistics 

 Mean Std. Deviation N 

decoveralldirection 3.26 1.277 61 

decnewrdprojects 3.31 1.385 61 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

decoveralldirection 3.31 1.918 .688 .474 . 

decnewrdprojects 3.26 1.630 .688 .474 . 

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

6.57 5.982 2.446 2 
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L2 construct 

 

Case Processing Summary 

 N % 

Cases 

Valid 61 93.8 

Excludeda 4 6.2 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.738 .772 2 

 

 

Item Statistics 

 Mean Std. Deviation N 

dechiremgmt 3.67 1.434 61 

dechirerdprofs 4.49 .977 61 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

dechiremgmt 4.49 .954 .629 .395 . 

dechirerdprofs 3.67 2.057 .629 .395 . 

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

8.16 4.773 2.185 2 
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L3 construct 

 

Case Processing Summary 

 N % 

Cases 

Valid 61 93.8 

Excludeda 4 6.2 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.804 .818 2 

 

 

Item Statistics 

 Mean Std. Deviation N 

decnewrdprojects 3.28 1.368 61 

decstandardsnorms 2.79 1.752 61 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

decnewrdprojects 2.79 3.070 .693 .480 . 

decstandardsnorms 3.28 1.871 .693 .480 . 

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

6.07 8.262 2.874 2 
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L4 construct 

 

Case Processing Summary 

 N % 

Cases 

Valid 61 93.8 

Excludeda 4 6.2 

Total 65 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

Reliability Statistics 

Cronbach's Alpha Cronbach's Alpha 

Based on 

Standardized 

Items 

N of Items 

.891 .891 3 

 

 

Item Statistics 

 Mean Std. Deviation N 

dechirerdprofs 4.49 .977 61 

dectraining 4.59 .973 61 

decsalary 4.61 .954 61 

 

 

Item-Total Statistics 

 Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Squared Multiple 

Correlation 

Cronbach's Alpha 

if Item Deleted 

dechirerdprofs 9.20 3.094 .835 .718 .801 

dectraining 9.10 3.390 .721 .524 .901 

decsalary 9.08 3.243 .805 .687 .828 

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

13.69 6.918 2.630 3 
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Construct correlation 

Correlations 

 L0 L1 L2 L3 L4 

L0 

Pearson Correlation 1 .814** .712** .840** .544** 

Sig. (2-tailed)  .000 .000 .000 .000 

N 60 59 59 60 60 

L1 

Pearson Correlation .814** 1 .865** .569** .508** 

Sig. (2-tailed) .000  .000 .000 .000 

N 59 61 60 60 60 

L2 

Pearson Correlation .712** .865** 1 .432** .393** 

Sig. (2-tailed) .000 .000  .001 .002 

N 59 60 61 60 60 

L3 

Pearson Correlation .840** .569** .432** 1 .772** 

Sig. (2-tailed) .000 .000 .001  .000 

N 60 60 60 61 61 

L4 

Pearson Correlation .544** .508** .393** .772** 1 

Sig. (2-tailed) .000 .000 .002 .000  

N 60 60 60 61 61 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Correlations 

 L0 L1 L2 L3 L4 

Spearman's rho 

L0 

Correlation Coefficient 1.000 .811** .711** .820** .514** 

Sig. (2-tailed) . .000 .000 .000 .000 

N 60 59 59 60 60 

L1 

Correlation Coefficient .811** 1.000 .864** .533** .483** 

Sig. (2-tailed) .000 . .000 .000 .000 

N 59 61 60 60 60 

L2 

Correlation Coefficient .711** .864** 1.000 .403** .340** 

Sig. (2-tailed) .000 .000 . .001 .008 

N 59 60 61 60 60 

L3 

Correlation Coefficient .820** .533** .403** 1.000 .696** 

Sig. (2-tailed) .000 .000 .001 . .000 

N 60 60 60 61 61 

L4 

Correlation Coefficient .514** .483** .340** .696** 1.000 

Sig. (2-tailed) .000 .000 .008 .000 . 

N 60 60 60 61 61 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix 3 

 Schoenfeld residual n 

Ageabove27 0.523 65 

Acquisition (rdestacq) 0.625 64 

Unrelated technology 

(newtech2) 

0.806 62 

Ownership change 0.815 65 

Acquired and ownership 

change 

0.906 64 

Coloc 0.308 65 

Above average Difficulty 

finding person 

0.526 57 

Above average L0 0.483 60 

Above average L1 0.541 61 

Above average L2 0.525 61 

Above average L3 0.459 61 

Above average L4 0.230 61 

Above average quality 0.596 57 

 

Time dependent variable test. Product term (T_COV_) =      
 B S.e. Sig. Exp(B) 

Age -0.581 0.183 0.001** 0.559 

T_COV_ 0.006 0.007 0.419 1.006 

     

Rdestacq 1.554 0.862 0.071 4.732 

T_COV_ -0.033 0.034 0.337 0.968 

     

Coloc 0.426 0.901 0.637 1.531 

T_COV_ -0.013 0.035 0.719 0.987 

     

Unrelated 

technology 

(newtech2) 

-4.292 2.169 0.048* 0.014 

T_COV_ 0.156 0.075 0.037* 1.169 

     

Ownership change 0.317 1.349 0.814 1.373 

T_COV_ -0.022 0.069 0.753 0.979 

     

Acquired and 

ownership change 

-9.474 7.673 0.217 0.000 

T_COV_ 0.522 0.39 0.18 1.685 

     

DiffFindPers -0.062 0.367 0.866 0.94 

T_COV_ 0.017 0.016 0.27 1.017 

     

Keepquality 0.621 0.52 0.233 1.86 
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T_COV_ -0.05 0.025 0.046* 0.951 

     

L0 -0.675 0.484 0.164 0.509 

T_COV_ 0.036 0.024 0.132 1.037 

     

L1 -0.568 0.371 0.126 0.566 

T_COV_ 0.020 0.016 0.196 1.021 

     

L2 -0.310 0.301 0.303 0.733 

T_COV_ 0.009 0.012 0.472 1.009 

     

L3 -0.748 0.466 0.109 0.473 

T_COV_ 0.036 0.025 0.148 1.036 

     

L4 -0.404 0.486 0.407 0.668 

T_COV_ -0.008 0.029 0.789 0.992 
One asterisk (*) indicates significance at a 5 % level 

Two asterisks (**) indicate significance at a 1 % level 

 

-ln(-ln) tests 

 
 

 



Page 67 of 73 

 

 

 

 



Page 68 of 73 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



Page 69 of 73 

 

Appendix 4 

The Kaplan-Meier Estimator 

In this section we look at how to estimate survival of a sample and apply the works by Edward 

Kaplan and Paul Meier (1958) who have proposed a nonparametric estimation of the population 

distribution. 

First, define the survival rate at the jth time as 

 (  )  
                 

                               
 (11) 

and organize observation events in distinct ascending order: 

             . (12) 

 

Then, let dj express the number of events in period tj, and let nj denote the number of observations at 

risk at time tj. The number of observations at risk at t includes the number of censored units. nj is 

also called the „risk set.‟ 

If we assume that events happen independently from one another we may multiply their 

probabilities and in that way find the cumulative survival probability. From this Kaplan and Meier 

suggest the product-limit estimator of survival 

 ̂( )  ∏ (
     

  
)

       

 (13) 

 

and 

 

The product- limit estimator is a maximum-likelihood function that estimates survival in discrete 

steps which decreases at each point of event and which is constant in between. Note that if the 

longest survival time is censored this function will never reach  ̂ ( )   . 

 ̂( )  ∏ (   
  

  
)  

       

 (14) 
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Next we look at an example of the product-limit estimator. Suppose that we have a sample of 10 

subjects (n = 10) in a study conducted over 4 years (t = 4). Let the subjects experience events at the 

following points in time: 1, 2, 3, 3, 3, 4, 4, 5+, 5+, 5+ where a plus indicates that the subject is 

(right) censored. The three columns to the left in Table A3 summarize this information.  The fourth 

column shows the calculus behind the survival rates and in the column furthest to the right are the 

estimated survival rates from Kaplan-Meier‟s product- limit estimator. 

Table A3 Summary 

T n d n-d/n S(t) 

0 10 0 1 1 

1 10 1 10-1/10 0,9 

2 9 1 9-1/9 0,88 

3 8 3 8-3/8 0,625 

4 5 2 5-2/5 0,6 

In Figure A4 is illustrated the survival rates found in Table A4. 
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Survival curves 

Ageabove27 Acquisition 

  
 

Unrelated technology Ownership change 
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Above average Difficulty finding person Above average L0 
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