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Abstract

This paper addresses the research gap in understanding the role of intra-firm reverse technology
transfers for building output versus innovation capabilities. While we understand that some firms use
external sources to create new technology before they are able to build internal innovation capability,
the role of bridging lack of innovation capability through internal reverse technology transfers has not
been explored in this context. We analyze the technology transfer strategy in the case of Huawei
Technologies through a mixed methods design combining quantitative survival analysis of patents and
qualitative interviews to understand and contextualize its mechanisms. The results show that the
company strategically transfers ideas for new and complex technologies from centers of state-of-the-
art technology towards its domestic Chinese locations. Tapping into offshore innovation capability is
done by hiring experienced personnel that transfers innovative ideas to China instead of developing
new products abroad. We find that this systematic transfer of complex ideas is a way for Huawei to
build output capability by bridging its lack of domestic innovation capability. This might be a way for
growing firms to become competitive on the world market before having to build innovation capability

at home first.
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1 Introduction

Dynamically growing firms from East Asia have recently been gaining market shares by building
technology capabilities through so-called reverse knowledge transfers from centers of state-of-the-art
technology, often located in established Western countries, towards the firm’s headquarters (Ambos et
al., 2006; Luo & Tung, 2007; Mathews, 2002, 2006; Nair et al., 2016; Poon et al., 2006; Rammal et
al., 2023). The capability to transfer technology has been discussed as a key competitive advantage in
the international business literature (Feinberg & Gupta, 2004; Kogut & Zander, 1992). Nevertheless,
accessing external technology through spillovers, collaborations or acquisitions can be difficult to
maintain (Cohen & Levinthal, 1990; Marino et al., 2020). In order to improve their position in the long
run, firms would need to go beyond absorbing and produce globally competitive technology
themselves (Mudambi, 2008), requiring their R&D activities to change from adapting to innovating by
building innovation capabilities (Awate et al., 2012). However, transferring all capabilities necessary
for the innovation process is a lot more difficult and time-consuming than transferring its results (von
Hippel, 1994). Therefore, creating innovative products is not necessarily a sign that a company has
managed to obtain innovation capability, as it can instead be achieved through relying on external
innovative input through which the company gains so-called output capability (Awate et al., 2012,
2015). This distinction of capabilities made by Awate et al. (2012) is vital to understanding different
approaches to gaining innovativeness and bridging lack of innovation capabilities is also in line with
Luo and Tung (2018), who propose that springboard MNEs might use knowledge resources abroad
directly to compensate for what they are not good at. Unravelling what this means for organizational
learning makes it necessary to distinguish between the concepts of knowledge and ideas, where
knowledge can be learned and accumulated, while ideas are outlines for new, innovative technologies
that can be codified but require absorptive capacity to understand (Andersson et al., 2016; Cohen &
Levinthal, 1990; Johnson et al., 2002). In the case of a firm that gained output capability, we would
expect new ideas to be transferred instead of knowledge. We therefore use the broader term
technology instead of knowledge when referring to the type of transfers we are studying.

The literature so far has advanced our understanding of technological and organizational capability

building (Anand et al., 2021), but there is still a gap when it comes to more contextualized insights



into the role and specific mechanisms of intra-firm reverse technology transfers for innovation versus
output capability building. Therefore, we ask how firms are able to build innovation capabilities
through intra-firm reverse technology transfers in order to leap from being a technology follower to
being a technology leader. We further investigate which type of information is exchanged and if this is
stable over time.

In order to shed light onto these questions, we analyze the innovation capability building of a Chinese
company that managed to build a competitive technology base: Huawei Technologies. Despite the
geopolitical struggles concerning the roll-out of its 5G technology (Lattemann et al., 2020), the
Chinese company came a long way between its first large-scale international research activities in
Sweden around 2003 (Fan, 2011; K. Lee et al., 2016) and becoming the largest applicant of
international patents today (WIPO, 2023). Huawei uses an unusual strategy for capability building as it
does not mainly rely on acquiring technologically advanced companies, but rather uses greenfield
investments to directly hire technological experts to gain specific expertise in-house (Chang et al.,
2017; Schaefer, 2020) and conducts its highest-impact research abroad rather than in China (Schaefer
& Liefner, 2017). This way the company was able to leverage the start of a new technology cycle (Lee
and Malerba, 2017), the development of 4G, in order to jump ahead of competitors (Schaefer, 2020).
The case of Huawei is remarkable because it is among the few Chinese companies that have managed
to become leaders in their industries despite very high liabilities of origin (Fiaschi et al., 2017). It is
therefore a highly interesting case for studying organizational learning and capability-upgrading
processes on a global scale.

In order to analyze how Huawei’s global R&D organization contributes to creating innovative
technology, this article combines patent and interview data to understand the configuration of
Huawei’s spatial innovation strategy and the mechanisms of capability upgrading resulting from it. We
start out discussion the literature on organizational learning and reverse technology transfers. We then
provide an overview of the mixed methods study design followed by a detailed discussion of the
quantitative data and models we use. Following this, we test hypotheses about the transfer of new
technologies within the company using survival-analysis, and retrieve insights from examining the
direction, speed and characteristics of transferring new ideas. In the following, we combine this with a
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qualitative analysis that inductively generates findings from interviews with the patent inventors,
which provides more in-depth context and fills in for the micro-level mechanisms that we miss when
analyzing patent data alone. This part integrates the findings from both methodologies. Finally, we
derive conclusions to gain deeper insights into the orchestration of reverse technology transfers for
creating innovative technologies.

The findings show that Huawei taps into local knowledge pools by hiring experienced personnel that
is strongly incentivized to only share ideas with the company’s domestic locations. Compared to
knowledge transfers, which are used to build a knowledge base, ideas fulfill a different role as outlines
of new, breakthrough technologies that require profound absorptive capacity on the receiving side, in
order to be used. These particularly technologically complex ideas are strategically transferred
between research abroad and development in China which works most effectively if absorptive and
transfer capacity are in place. The case of Huawei shows that building effective international
technology transfer abilities seems to be a spatial knowledge strategy that can at least temporarily
bridge lack of innovation capabilities at home.

The article contributes to our understand of the role of reverse technology transfers for building
innovation capabilities by combining patent and interview data in a mixed methods setting that fills in
typical patent data blind spots. Moreover, the combined results shed light onto the issue, which role
reverse technology transfers can have for a firm moving from absorbing technology towards being a
technology leader, and make contributions to the literature on intra-firm technology transfer,

organizational learning and innovation capability building.

2 Conceptual Background and Literature Review

In the following section, we summarize the literature background of this study in order to give an
overview of the concepts and gaps to which we are seeking to contribute. We discuss the literature and
present the hypotheses derived from it.

Understanding the organization of global R&D activities is a vital part of understanding capability
upgrading. Scholars have studied the relationship between headquarters and subsidiaries in the form of
the mandates of offshore subsidiaries, distinguishing between competence exploiting and competence
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creating (Birkinshaw & Hood, 1998; Cantwell & Mudambi, 2005) similar to Kuemmerle (1999), who
distinguishes between home-base exploiting and home-base augmenting strategies. Home-base
exploiting means equipping offshore subsidiaries with knowledge accumulated at domestic locations,
and home-base augmenting means acquiring knowledge at offshore locations to enhance the
capabilities of the home base. Home-base exploiting strategies require effective knowledge flows from
the home base to the offshore production sites, whereas home-base augmenting strategies require
knowledge flows from offshore research units to the home base.

Those strategies cause so-called reverse knowledge transfers from subsidiaries to headquarters.
Reverse knowledge transfers have been increasingly studied in the context of emerging or emerged
market multinationals (E. S. Lee et al., 2023) and has more recently also been looking at established
firms (Munjal et al., 2021) as a means for knowledge accumulation. The literature concerned with
reverse knowledge transfers as a means for sourcing knowledge from foreign subsidiaries so far
mainly focuses on acquired subsidiaries than on greenfield investments (Munjal et al., 2021; Nair et
al., 2016). Studies such as Gassmann and von Zedtwitz (1998) and von Zedtwitz and Gassmann
(2002) focus more on the configuration of research versus development between home and host
countries and the resulting global patterns of R&D organization. They point out that accumulating
core capabilities at home reduces the risks associated with internationally operating R&D and should
therefore be preferred. A crucial core capability in this regard is innovation capability, which needs to
be safeguarded as a central source of competitive advantage (Mudambi, 2008).

Prior research has well established how crucial an open innovation strategy is for many firms for
building competitive advantage (Rammal et al., 2023). However, we know less about the mechanisms
of internalized reverse technology transfers when it comes to understanding capability building. This
adds a new perspective to the literature on output versus innovation capability, because output
capability is usually linked with using external sources of innovative input instead of an internal
division of capability (Awate et al., 2012, 2015). For analyzing how firms are able to create innovative
output, we therefore zoom in on the configuration of intra-firm reverse technology transfer activities

of our case study company Huawei by using technology and location information from patent data.



For this, we operationalize innovative ideas within the company as new combinations of distinct
technologies (Kogut & Zander, 1992).

Scholars have pointed out that determining the exact type of knowledge or information is crucial in
order to understand its properties, for instance its transferability (Ambos et al., 2006; Johnson et al.,
2002; Nair et al., 2016). We argue that for understanding capability upgrading, we need to distinguish
between knowledge and ideas. Here, we follow Andersson et al. (2016) in their definition of
knowledge as the understanding of facts, information or skills, that might for instance be obtained
from education or experience. We further define ideas as outlines for new technologies that might lead
to innovations in the future. It is therefore a precursor for what Andersson et al. (2016) defines as
innovation.

Following the literature describing technological upgrading as a time sensitive process, particularly
regarding very short technology life cycles in the telecommunications industry, we analyze the speed
of transfer as a proxy for intent and success of strategically directed technology flows over distance.
Based on the typical reverse technology transfer organization outlined above, we assume a firm such
as Huawei directs innovative technology faster and more systematically towards its headquarters since

absorbing new ideas is key to establishing the firm as a technology leader. We therefore propose:

Hypothesis 1: Ideas from abroad are transferred faster to the headquarters’ location than in the

opposite direction.

Lyles et al. (2022) point out that we still lack insights into the important question of how Chinese
firms’ learning and innovation through OFDI evolves over time. Some scholars have argued that
learning processes are usually incremental since catching-up firms need to follow established
technological paths (Hobday, 1994, 1995; Mathews, 2002). Both incremental learning and springboard
perspectives share that catching-up seeks to fill gaps in the technology portfolio (Luo & Tung, 2018).
Luo and Tung (2018) explain that so-called springboard multinationals use an upward spiral of self-
improvement needing to build a knowledge base before tapping into critical technologies. Therefore,
successful knowledge acquisition depends heavily on the absorptive capacity of the receiving unit that
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need to be built over time (Cohen & Levinthal, 1990; K. Lee & Lim, 2001). Only at later development
stages firms increasingly target entirely novel ideas (Wang et al., 2014).

Following the concept of an upward spiral of capability accumulation (Luo & Tung, 2018), over time
firms are expected to improve their capability to properly orchestrate idea creation and transfer, which
becomes an intangible asset for them (Andersson et al., 2016). This ability to adapt to ever changing
capability demands is a central source of competitive advantage in the dynamic capabilities
perspective (Teece, 1977; Teece et al., 1997). The literature on knowledge transfer suggest that
experience is a decisive factor for the success of this transfer (Szulanski, 1996). We therefore expect
Huawei to become increasingly capable of smoothly transferring ideas through building organizational

capabilities over time. Therefore, we arrive at the following hypothesis:

Hypothesis 2: The time it takes to transfer ideas within the company is expected to significantly

decrease with increasing company experience.

The effectiveness of the knowledge transfer process is currently understood as being shaped by the
transfer intention, the ability of the sender and the recipient as well as characteristics of the knowledge
itself (Minbaeva, 2007; Teece, 1977), which can either facilitate and speed up or hamper and slow
down the transfer. While impediments related to senders and recipients can be manageable, the
characteristics of the knowledge to be transferred has effects that cannot be completely canceled out.
The complexity of the knowledge and the degree of novelty decrease the scope for codification,
incurring higher costs or requiring more time, and making it harder to transfer (Haldin-Herrgard,
2000). The growing body of research on the complexity of technology argues that complex
technologies offer greater economic benefits (Mewes & Broekel, 2020), but are also more difficult to
imitate (Rivkin, 2000) as well as more difficult (Sorenson et al., 2006) and slower (Balland & Rigby,
2017) to diffuse. For complex technologies to be transferred successfully, the company’s transfer
mechanisms need to compensate for these disadvantages. Similarly, novel ideas are more difficult to

transfer because engineers and researchers are unfamiliar with their specifications (Szulanski, 1996). It



therefore takes more time to understand and apply those ideas, making it more difficult to transfer

them. Therefore, we propose:

Hypothesis 3: The knowledge complexity and novelty of ideas significantly slows down the transfer

process.

3 Mixed Methods Case Study Design

We choose Huawei as a case study because it represents a unique example of a firm reaching global
player status relatively recently through creating innovative technology, which enables us to study
recent upgrading processes as proposed by Hernandez and Guillén (2018). This provides us unique
insights into organizational learning and capability upgrading. Using a single case-study design has the
advantage to enable much deeper insights than comparative studies (Yin, 2014). In this particular
study, we combine insights from different offshore R&D locations of the firm increasing contextual
variation and validity.

In order to answer our research questions, we mix sources from inside and outside the firm by using
patent data as well as interviews with current and former employees in order to avoid what Tokatli
(2015) calls the ““dark side’ of firm-centric case studies”: sticking to the corporate narrative. The case
study follows an embedded mixed methods design in order to study the spatial configuration and
mechanisms of reverse technology transfers in Huawei’s upgrading-process. The data types are
considered equal and the parallel nature of the chosen exploratory approach provides deeper insights
into the research topic (Creswell & Plano Clark, 2011; Hurmerinta et al., 2015; Hurmerinta-Peltoméki
& Nummela, 2006). For the study, we collected patent data to identify active R&D locations and to
analyze quantitative patterns of technology transfer within the company. In addition, we conducted 40
interviews between February and October in 2017 with inventors who represent a subgroup of the
inventors listed on the patents used for the quantitative analysis. They were selected to represent the
different offshore locations and the diverse professional and cultural backgrounds of the interviewees,
thus providing multiple perspectives on the company’s offshore R&D activities (Yin, 2014). The

timing of the interviews in 2017 is crucial in order to study the company’s transition towards creating



innovative technologies as it fully covers the company’s catch-up process while still being close
enough to the events that accompanied it for the interviewees to be able to provide detailed insights.
Figure one shows how the findings from both analyses were integrated in order to draw conclusions.
The quantitative part observes spatial patterns and changes over time, while the gqualitative part unveils
the underlying mechanisms of transnational innovation, bridging a blind spot typical for patent-data-

based research and providing contextualization.

Data Analysis Results
- ~7.000 model of larger patterns
— —
Quantitative patent documents transfer patterns of transfer
via PatentsView | PATSTAT
identifying
lncati;ns integrating
am \Zv——"~7"—~ """ """-"-"-""""""""F""/""-""—=-""""""”"""”""—" Fndinne

inventors findngs

qualitative 40 h.alf-structured 1, analysis of —,| mechanisms of
interviews mechanisms transfer
in person or via skype | phone

Figure 1: Paralell Mixed Methods Design

4 Quantitative Analysis

For the quantitative analysis, we use Huawei’s patent data up until 2017 from the United States Patent
and Trademark Office (USPTO) retrieved in March 2019 using the PatentsView application-
programming interface!. This approach has advantages over patents obtained from the China National
Intellectual Property Administration (CNIPO). First, it provides us with information on the origin
country of the inventors, which is not available from the CNIPO data. Second, using patents from
USPTO provides only new-to-the-world patents and patents that fulfill international quality standards.
Because patent applications are usually submitted to multiple patent offices, the USPTO data set
covers patents created not only in the US, but from all over the world, giving insights into ideas

originating from China and Europe. The USPTO coverage of R&D activities in Europe is higher than

! patentsview.org/api



or very similar to that of the European Patent Office (EPO) as shown on a sample of Huawei patents at

USPTO and EPO between 1990-2014 in Table 1.

Inventor Location USPTO EPO

Canada 330 136
Germany 133 142
Sweden 204 129
us 1623 557
China 7098 9018
Rest EU 151 49
Asia 65 34
Rest of World 63 27

Table 1: Data coverage of Huawei’s patents at USPTO and EPO

In order to operationalize new ideas, we use the first-time combination of technological components as
a proxy for new-to-the-firm ideas. Every pair of components appearing on the same patent is counted
as a combination. This approach has been used in the literature before, where the novelty of ideas is
measured as unusual or new combinations of technology (sub)classes on patents (Fleming, 2001; Kim
et al., 2016). Even if not every single new combination necessarily represents a breakthrough
innovation, this approach enables us to look at the bigger picture of the distribution of new ideas
within the company.

The classification we use is the Cooperative Patent Classification (CPC) developed by the EPO and
USPTO in order to harmonize patent classifications. The components are the technology groups listed
on the patents. Groups are more fine-grained than subclasses, but still represent technological
components, compared to the even more detailed subgroups, which also include application
mechanisms of components. Table 2 provides an example of a typical technology on which Huawei’s
inventors work. The subclass classification “Telephone communication” is still relatively broad,
whereas the group “Substation equipment” describes a more specific technological component. The

subgroup describes a mechanism for the component.
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H Section Electricity

HO04 Class Electric communication technique
HO04M Subclass Telephone communication
HO04M 1/00  Group Substation equipment, e.g. for use by subscribers; Analogous equipment at exchanges

H04M 1/73  Subgroup  Battery-saving arrangements by switching on/off the receiving circuit [...]

Table 2: CPC classification hierarchy with example, source: CPC-website?

We use the inventor addresses to determine whether the idea was created in China or at one of
Huawei’s offshore locations. Following our research design, we distinguish between the categories
domestic or offshore location. Using the priority date of the patent, we then calculate how long it takes
the idea to be transferred across location categories. The priority date is the first time a patent is
submitted to a patent office worldwide, which means that even if we find the patent via the USPTO,
we use the date of its first application in China or Europe to trace its origin. We consider an idea as
transferred once an inventor team at the opposite location is able to apply the idea without help from
inventors working at the original location. Therefore, we exclude patents with mixed offshore and
domestic inventor teams, as they do not provide further insights regarding our question. We also
exclude years after 2017 because of a possible time lag in patent applications with Chinese inventor
teams filed first at the CNIPA. These could bias our data in favor of patents originating from US
teams, which would appear in the data set earlier. We also filter “born-global” ideas, which are ideas
that appear at the exact same time at a domestic and offshore location when observed for the first time.
Therefore, we cannot observe where they appeared first and as they appear simultaneously, they do
not represent a transfer. We categorize patents created in Hong Kong as domestic only because of its

spatial proximity to Huawei’s headquarters in Shenzhen.

4.1 Time-to-Event Analysis
We use a survival or time-to-event analysis to analyze the time new ideas take to be transferred within

the company. This method is commonly used in medical studies to model the influence of covariates

2 cooperativepatentclassification.org/cpcSchemeAndDefinitions.html
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on patient survival time as the dependent variable. This type of analysis is regularly used in
technology transfer analysis for example when studying the survival of firms or the diffusion of
innovations (Ardito & Svensson, 2023; Block et al., 2022; Honjo & Kurihara, 2023). The advantage of
using time-to-event analysis over an ordinary least square (OLS) approach is that the Cox or Weibull
distributions are a better fit to model time as a dependent variable, as time is non-negative and
residuals are usually not normally distributed. Moreover, it enables us to take into account
observations that did not experience the event, in our case the ideas that are not transferred, to

correctly estimate the time to event.

my = A5
8% * 36525

(global novelty)

s;—f €i—S;
cej= io=
1" 36525 tuty 365,25

(company experience) (time until transfer)

Wy f s €j censoring
first global observation of idea company founding first observation of idea at company observation of event (transfer) last observation of idea

Figure 2: Calculation of durations

The event ei in our model is the first time an idea appears at a location category opposite to the one
from which it originates. The observation period starts when the idea appears for the first time si and
ends at the transfer or the last time it appears in the data, which is called “right-censoring”. Figure 2
displays the calculation of our dependent variable time until transfer (time-to-event) and other
independent time-related variables.

The baseline hazard function for the Weibull model, which is the instantaneous failure rate with all

covariates being zero if the observation has not yet experience the event (Moore, 2016), is given by

ho(t) = Ayt’ 1,

with the scale and shape parameters A >0 and y >0 as well as 0 < t < o. The proportional hazards

model, which in our case describes the hazard of transfer at time t for the ith idea, is
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h;(t) = exp(B,originofidea; + f,companyexperience; + Bzsendingcapacity;
+ Bsabsorptivecapacity; + fsknowledgecomplexity; + Begglobalnovelty;

+ B,internationalexpansion;) hy(t)

withi=1, 2, ..., n. The unit of observation in our model is ideas, measured as combinations of
technology groups. The dependent variable for the model is the time until transfer of the idea, as
described above. Table 3 provides a detailed description of the independent variables. The variable
origin of idea is dichotomous, taking a value of one for offshore locations and zero for domestic
locations in China. The variable labeled company experience measures the company’s age at the
creation of the idea. Furthermore, we include the knowledge complexity of the idea built upon the
structural diversity index by Broekel (2019). Global novelty is measured as the reversed time between
the first appearance of the idea among all USPTO patents and the first appearance at Huawei. Finally,
we include control variables for the transfer capacity of the idea as the intensity of application at the
sending location and the absorptive capacity as the familiarity with each component of the idea at the
receiving location as well as the international expansion of Huawei’s R&D activities. Table 8 in the
appendix provides an overview of the descriptive statistics of the variables and Table 9 provides the

correlation matrix of the independent variables, showing low correlations between the independent

variables.

variable description notation

origin of idea dummy variable for the location (offshore or do- or; € {offshore (1),
mestic) of the first observation of the idea within domestic (2)}
the company with 1 for offshore and 0 for domes-
tic locations

company experience time between the start of observation si of idea i ce; = Sitf
and the founding date of the company in years 365,25

transfer capacity experience with idea i at origin location ori meas- Zoing

(control) ured as sum of number n of observations of i at 1 = ==

ori before the event ei divided by the percentage
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of time idea i was observed at the company be-
fore the event (ei - si) compared to the company
experience at the event (ei - f)

absorptive capacity mean experience with technology components c1 (Rc1;+ nez;)
(control) and c2 underlying idea i at receiving location di- ac; = —moag —
vided by the percentage of mean time of observa- ei=f

tion mo of components c1 and c2 at the company
before the event moclc2 compared to the com-
pany experience at the event (ei - f)

knowledge complexity average structural diversity index sdi (Broekel, ke; = sdici+sdicp
2019) between 1987 and 2016 for components c1 2
and c2

global novelty reversed time between first worldwide observa- gn; = %

tion wi of idea i and first company observation si

international expansion cummulative number of distinct offshore com-
(control) pany locations nl at start of observation s

Table 3: Description of variables

ieg, =nl; +nl; + -+ nl,

4.2 Quantitative Results

For the data analysis, we use the R packages eha, smoothSurv, survival, survminer, SurvRegCensCov,
stargazer and the tidyverse (Brostrom, 2012; Hlavac, 2018; Hubeaux & Rufibach; Kassambara &
Kosinski, 2018; Komarek et al., 2005; Therneau, 2015; Wickham et al., 2019). Table 4 shows the
average values for the dependent variable for the origin of ideas and the state of the transfer. Looking
at the average time until transfer already gives us an idea of the difference of transfer speed between
the locations. While ideas from domestic locations take 4.37 years on average to be transferred to
offshore locations, transferring ideas from offshore to domestic locations takes only 2.3 years. This is
not an uncommon time span for transferring entirely novel ideas and represents an average for the

complete observation period.

Origin: Origin: Total
Domestic Offshore

Time until transfer 4.37 2.30 3.96
Transferred 1,420 353 1,773
observations
Non-transferred 1,138 318 1,456
observations
Total number of 2,558 671 3,229

observations
Table 4: Average time until transfer in years and number of observations
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Figure 3 shows the Kaplan-Meier Curves of the survival probability over time, comparing the origin
categories of ideas. The two distinct curves show that the transfer from offshore is faster at any point
in time and that the two lines are mostly parallel, confirming the proportional hazards assumption

underlying the model.
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Figure 3: Kaplan-Meier Curves for the covariate “Origin of idea”

Table 5 displays the main results from the Weibull model as hazard ratios with upper and lower
boundaries instead of asterisks, following a recent call by Wasserstein et al. (2019) on how to
responsibly report model results. The table includes the complete model (1) and then the data is split
along the origin of the idea into a model for ideas originating from offshore locations (2) and one for
ideas from domestic locations (3). Figure 4 visually compares the coefficients of models 2 and 3 and
the upper and lower boundaries of their confidence intervals. The coefficients and asterisks

corresponding to Table 5 are reported in the appendix in Table 10.

dependent variable: time until transfer
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Model (distribution)

PH (Weibull)

origin locations all offshore > domestic domestic - offshore
@) ) ®)
origin of idea 1.311
(1.156-1.488)
company experience 1.12 1.112 1.109
(1.092-1.148) (1.006-1.229) (1.079-1.139)
transfer capacity 1.068 1.049 1.139
(1.061-1.074) (1.039-1.059) (1.125-1.152)
absorptive capacity 1.015 1.019 1.017
(1.009-1.022) (0.992-1.047) (1.009-1.024)
knowledge complexity 1.187 1.187 1.188
(1.097-1.284) (1.019-1.382) (1.082-1.303)
global novelty 0.98 0.981 0.979
(0.975-0.985) (0.97 — 0.992) (0.974-0.985)
international expansion 1.001 0.997 1.004
(1.000-1.002) (0.993-1) (1.002-1.005)
scale parameterA 0.000 0.002 0.000
shape parametery 1.559 1.158 1.735
Observations 3,225 671 2,554
Log Likelihood -4,912.075 -865.066 -3,972.792

Note: PH: Hazard ratios reported with upper and lower boundaries in parentheses
Table 5: Main results for time-to-event analysis
Proportional hazard models based on Weibull distribution
Origin — Domestic --- Offshore
144 .
1.3 T i
o e
[ 4 ' '
5’ ! r ¢
N : :
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Figure 4: Comparison of confidence intervals

from models 2 (offshore to domestic) and 3 (domestic to offshore)

Models (1) - (3) report hazard ratios that show the percentage change in hazard rate for every
additional unit of the independent variable, allowing us to investigate the temporal properties of the
transfer. We also control for transfer and absorptive capacity in order to better understand the transfer
process itself. Turning to hypothesis one, model (1) shows that ideas from offshore locations have a
hazard ratio of 1.311, showing an increase in the hazard of transfer at a point estimate of 31.1% at a
95% confidence interval between 15.6-48.8% at any point in time compared to the ideas from China.
This confirms the hypothesis that the transfer of ideas from offshore to domestic locations is faster and
more successful.

Turning towards the second hypothesis on experience, model (1) shows that while the company gains
experience, the hazard of transfer is estimated to increase by 12%, meaning the transfer takes less
time. This confirms hypothesis 2 about the transfer process becoming faster over time with growing
company experience. This also puts the average number of years it takes to transfer ideas in
perspective, as it covers the complete observation period, meaning that more recent transfers can be
expected to happen much quicker. It further shows that the transfer of ideas from domestic locations
clearly becomes faster with increasing experience, indicating that over time, domestic locations might
start to create valuable ideas that are taken to offshore locations to build upon.

Next, we assess hypothesis three on knowledge characteristics. Model (1) shows that in terms of
speed, knowledge complexity increases the hazard of transfer by 18.7%. Ideas from offshore locations
arrive at domestic locations faster if they have a higher complexity. The effect is similar in both
directions. This result is contrary to our initial hypothesis and means that Huawei is able to overcome
the obstacles associated with transferring technology that is more complex and therefore transfers the
most valuable ideas faster. Concerning the global novelty of the idea, we find in model (1) that the
hazard rate decreases the younger and therefore closer to the current state of development the idea is.

This effect holds for both directions of transfer in models 2 and 3. This shows that novelty of an idea
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decreases the speed of transfer. Therefore, we can only partly confirm hypothesis 3 that complexity

and novelty decrease the speed of transfer.
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Figure 5: Weibull diagnostics plot for groups and general model fit for Weibull distribution

We perform a number of robustness and sensitivity checks. The shape parameter for the ideas
originating offshore and domestically confirm similar distributions. The diagnostics plots in Figure 5
show generally parallel and non-crossing lines for the two groups of idea origins, suggesting that a
proportional hazards Weibull model is adequate for analyzing the data. We also compare our results to
the results of other survival models as well as an OLS model in table 11 in the appendix. The results
show mostly slightly smaller effects sizes but the same direction of effects on the dependent variable.
The Log Likelihood and AIC measures of the models confirm that the Weibull model has the best fit.
Moreover, to test potential biases caused by time period restrictions, we limit the period for transfer
after the first appearance of the combination to five years in table 12, excluding cases in which the
combination appears again after many years. The results show that the magnitude and direction of the
results remain robust.

In summary, the results can be considered robust and the choice for the Weibull model is justified. The
findings show that ideas from offshore locations are transferred to Huawei’s domestic locations faster
than in the other direction. It also shows that the transfer of ideas within Huawei increases speed with
growing experience. The speed and success of transfer depends on transfer capacity, in particular for

ideas from domestic locations. Concerning the characteristics of ideas, the results show that complex
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technologies are transferred faster. This means that the strategic intent of the company to absorb these
particularly valuable ideas overcomes the obstacles associated with transferring ideas that are more

complex.

5 Qualitative Analysis

In order to bridge the blind spots we usually have when analyzing patent data and in order to provide
contextualization we use qualitative interviews with the offshore patent inventors. The interviews were
conducted between February and October 2017 with former and current employees at Huawei’s
offshore R&D centers. In order to gain a more nuanced understanding of the knowledge transfer
mechanisms, of the 233 experts contacted, we interviewed 40 from eight different offshore locations
of the company, representing the biggest and most active ones in terms of patent application: San Jose,
Dallas, San Diego, Chicago, Bridgewater, Ottawa, Stockholm and Munich. Two experts were not
assigned to a specific location as they mostly worked remotely. The experts were selected via their
patenting activity for Huawei and their assigned location outside of China. The sample contains
mostly industry experts with prior work experience from established competitors and academia but
also two of the interviewees had worked for Huawei China before. Moreover, six of the interviewees
were of Chinese origin. Including the perspective of inventors who have a cultural insider perspective
on China or on Huawei in China is a very valuable addition to the sample. Sixteen out of the 40
interviewees were still working for Huawei at the time of the interview while 24 had either changed
jobs or retired. Table 7 in the appendix provides an overview of the interviews. Following ethical
guidelines, the interviewees have been anonymized and details potentially leading to their
identification have been kept confidential.

In the qualitative analysis, we particularly studied the mechanisms of intra-firm technology transfer.
Therefore, the main questions for the semi-structured interviews address the tasks of the offshore
experts and the communication within the company. An overview of typical questions for the
interviews is provided in the appendix. Some questions changed throughout the interview period
according to new insights from the interviews. For example, we initially asked how the interviewees
provide access to the local knowledge base for the company and how that knowledge is then
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transferred. We found out early that the interviewees have only little professional exchange outside of
the company once they work for Huawei. Therefore, the offshore experts are not so much connectors
to knowledge from outside, but rather the main source of knowledge themselves. Following this
finding, we shifted our focus away from their outside connections towards the interviewees

themselves.

Research questions for the qualitative analysis

How do the company’s offshore R&D locations contribute to its innovative output?

- What are the main tasks of the offshore R&D locations?
- How do offshore locations access technology from the (local & national) environment?
How does the company profit from the transfer of innovative technology between locations?

- How does the skill set of the offshore and the domestic employees differ?
- What are the main reasons for potential differences? How do they change over time?
- What kind of knowledge is transferred between the locations?

How is the transfer of innovative technology organized?

- How is internal cooperation between the locations organized?
- Which locations exchange knowledge? What is the direction of the exchange?
What are the channels for idea transfer? How successful are they?

Table 6: Sub-questions derived from quantitative analysis

The interviews were analyzed using the qualitative analysis software MaxQDA. The coding process
took place in three steps. First, the material was sorted into broader, partly overlapping fields of
interest to make it more accessible, such as personal education and career background, tasks at Huawei
as well as external and internal connections. The questions listed in Table 6 about the role of Huawei’s
offshore R&D in upgrading the company’s technology were derived from the quantitative analysis
representing the knowledge gaps that needed to be filled through qualitative analysis. These were then
used for the second round of coding, this time using an inductive coding procedure in order to keep an
open mind towards the perspectives of the interviewees. This enabled us to pick up concepts from the
interviewees themselves, such as specifying that the transfer of technology was specifically a transfer
of ideas rather than knowledge. The third step was the consolidation of the inductive codes to see
which statements refer to the same phenomenon. The text passages in the consolidated codes were
then split along the interviewee variables shown in Figure 6, using the segment matrix in MaxQDA.
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This enabled us to contextualize the coded fragments while analyzing. We then used the tables and

coding memos to summarize our findings and answer the questions.

Interviewee Variable Categories
Employment at Huawei current employee; former employee
Professional background academia; competitor; Huawei China

Time period of employment early offshore activities (< 2009); rapid expansion period (2009-2013);
industry take-over (> 2013)

Offshore location Dallas; San Jose; San Diego; Bridgewater; Chicago; Ottawa; Munich;
Stockholm; undefined
Cultural background Chinese; other

Figure 6: Interviewee variables and categories

5.1 Innovation Capability Gap

The first part of the qualitative analysis focuses on what kind of capability gap creates the need for
reverse technology transfers within the company in the first place. During the interviews, it became
apparent that we need to distinguish between the concepts of knowledge, ideas and organizational
knowledge. In the terms of the interviewees, knowledge refers to technological knowledge often
obtained from university that is needed to understand state-of-the-art technology and develop such
products. In contrast, ideas are outlines for new technologies beyond the current state of development
that require profound knowledge and understanding of the technology, but also creativity and industry
experience. From the interview material, we also identify a third category, organizational knowledge,
to which the interviewees refer mostly indirectly, describing for instance the ability to put together and
manage innovative teams.

When asked about the capability of domestic and offshore inventors, the interviewees see a gap
between Huawei’s offshore and domestic R&D, claiming that employees in China have caught up on
technological and organizational knowledge while still struggling to create new ideas. As one
interviewee puts it: “I had to go to Shenzhen, Shanghai or Beijing to discuss new products. [...] I got
the impression that they mainly wanted to transfer how we come up with new ideas, how we come up
with something novel.” (US04: 103-104). The interviewees claim that the engineers in China have the

technical skills, but do not know what to do, a question often left to the offshore experts, who state that
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their colleagues in China need to “think outside the box™. As one interviewee puts it: “they mainly
have to learn how to be innovative, not only the technological knowledge, but more the way to [create
innovations]” (EU0S: 45). Another interviewee describes the role of ideas in initiating the
development of new products as follows: ,,The Chinese don’t know what to do but they know how to
do it. We help them “what” to do, we give them the requirements and then they know how to do it.
They are ramping up very quickly.” (US16: 120-122).

Overall, we find that the R&D conducted in China mostly aims for more incremental improvements,
while research abroad creates more breakthrough novelties. Because these ideas are more valuable to
the firm, we observe a faster transfer towards the domestic locations than the other way round, as the
quantitative analysis shows. It becomes apparent from the interviews that the main reason for this
capability gap is the pool of mainly young graduates from university, often the best of their cohorts,
with only limited work experience or exposure to the global industry, from which Huawei is able to
hire in China. An interviewee states about his Chinese colleagues: “there is no shortage of smart
people in China, but they are very inexperienced and fresh out of school. | explained to them things
like “don’t believe everything only because it is written in a paper, think it through yourself, there
might be mistakes” and things like that, which you only learn from experience in working.” (CA0S5:
53-54). In contrast, Huawei’s offshore employees are mostly experienced senior engineers that have
been working for one of Huawei’s big competitors or in academia for a minimum of five years.
Another factor influencing the work done abroad and at home comes from different methods of
approaching tasks. The engineers in China often employ a trial and error approach from which they
learn. These results show that the offshore experts’ seniority and education offer a greater pool of
industry-specific experience and better training to search for new ideas compared to domestic
engineers. This is in line with the finding from the quantitative analysis, that the offshore locations are
the main generators of ideas, emphasized by the finding that the transfer of ideas from offshore to the
domestic locations takes 2.3 years on average, compared to 4.4 years in the opposite direction.
Concerning the development over time, the interview material indicates the need for high-quality
research developed only in the later phase of Huawei’s internationalization. Some offshore experts
report that in the early days of internationalization, the engineers in China were even resistant to new
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technical approaches and ideas at first, when technology underlying the ideas were unfamiliar to them.
By building absorptive capacity at the Chinese locations, the technological knowledge gap between
them and the offshore locations closed and the appreciation for new ideas increased. This provides an
explanation why the transfer of ideas towards China derived from the quantitative analysis still takes
on average 2.3 years, as this is an average for the complete timeframe and the models shows that the
transfer speed accelerated over time with growing company experience. This means that the transfer
speed in the beginning must have been slower than 2.4 years but became faster than this over time.
The first step was to catch up on state-of-the-art knowledge, which was done in the earlier phase of
internationalization through the transfer of technological as well as organizational knowledge.
Interviewees with a long employment history at Huawei emphasize how fast their colleagues in China
caught up on state-of-the-art technology. Nevertheless, the interviewees point out that the capability of
the Chinese R&D varies between different fields, as Huawei works on a very broad range of
technologies from analogous to digital in-house.

From the interviewee’s perspectives on capability endowment discussed above, we find that the
offshore and domestic R&D locations fulfill different tasks in Huawei’s innovation process. Ideas
from abroad have to be taken to China, where the larger and less costly workforce takes over the more
work-intensive tasks, aligning development with production. The lack of experience for idea creation
at home is the main reason for accessing ideas abroad, as transferring all capabilities necessary for the
innovative process itself is a lot more difficult than transferring results. In order to bridge this lack of
innovativeness, Huawei splits its R&D activities between research in established industry locations
abroad and development in China for immediate access to innovation capabilities. The interviewees
claim that today, the gap in experience between offshore and domestic engineers might be slowly

closing.

5.2 Systematic Exchange between Locations

Turning towards the organization of exchanging new ideas, we find that Huawei’s headquarters
hierarchically control the flow of information, directing all communication between offshore R&D
locations through China. All offshore locations work closely with Huawei’s respective technology
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hubs in China, where Shenzhen, for example, would be more oriented towards telecommunications
and Beijing more towards internet. The interviewees state that working with the respective locations in
China is greatly encouraged by Huawei, while competition within the company hinders the exchange
of ideas between offshore locations. In a few cases, engineers from different offshore locations worked
together, but the interviewees claim that this kind of exchange was not encouraged by headquarters.
An interviewee from a US location states: “It is more rare to work with other Huawei offices outside
of China. I did it once [...] but only on smaller projects. You might share ideas with other offices but
you always have to come back to the headquarters and that’s exhausting for us, that’s why we don’t
do it as much. We mostly work with China.” (US19: 92-95). Another interviewee from a European
location states: “I hated the trips to China, [they were] exhausting. [...] They would bring everybody
associated in the area. The dinners were fantastic. /...] The only thing that was interesting for us.: to
exchange ideas with other inventors from different [offshore] locations. We discussed with [...]
[inventors from other offshore locations] and even tried to start a project without initiation from the
headquarters, but that was impossible.” (EU03: 190-194). The direction of exchange is therefore very
clear. The interviewees claim that the offshore side is expected to meticulously report their work to
China, while the domestic side is more restricted: “There was a larger group working on architecture
too, in Shanghai. They were directly connected to the products /...J. They were very secretive about
their ideas but they wanted to know everything that we did.” (US18: 60-63). This explains why the
unintended transfer of ideas towards offshore locations is a lot slower than the intended transfer
towards the company’s domestic locations.

The interviewees mention various channels for the transnational transfer of knowledge and ideas.
Many project teams consist of offshore and domestic engineers to ensure that results are directly
transferred to China. The interviewees state that the particular transfer channel depends on how
complex the technology is. A lot of knowledge exchange happens via personal contact. Many of the
interviewees travel regularly to the respective technology hub in China, which in some cases helped to
establish personal relationships to Chinese co-workers and improve communication between domestic
and offshore locations. Visitors usually give presentations, explain the newest technology in detail to
their co-workers in China and distribute the slides containing the technical details. The exchange via
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documents and slides is feasible over distance and helps to overcome language barriers by using
universally understood mathematical formulas and technical drawings. Other forms of communication
over distance include video conferences, desktop sharing and electronic messaging. Some experts say
that it was sometimes difficult to work with co-workers in China because of the cultural and language
barriers as well as spatial distance and the time difference that requires nighttime phone conferences.
Moreover, there are certain technologies, in particular those of military relevance, that fall under
export control rules, which means that those technologies cannot be transferred to China, as some
interviewees explained.

In terms of development of transfer channels, we find that in the early stages of Huawei’s R&D
internationalization, offshore experts bridged the knowledge gap between themselves and the global
industry. The offshore experts were sent to represent Huawei in standardization and EU-financed
research projects or to talk to customers. Their role changed when Huawei caught up on state-of-the-
art knowledge and aspired to become an industry leader. Now they provide the company with
innovative ideas, for which they draw on their long-term experience. One of the interviewees describes
the requests from China this way: “We were very often invited to Shenzhen, every two to three month.
We had to present and participate in seminars [...] [and] they would always say “give us ideas”.”
(EU03: 186-189). This shows that the main ideas for innovative products often come from abroad,
while the engineers in China do the fine-tuning. Transferring their ideas to China causes discontent for
some offshore engineers, because they are not involved in bringing their own idea to the market,
which many of them are used to from working for established competitors. Another mechanism for
transferring technology that was changed over time is engineer expatriates from China working for
one to three years at the offshore location. Their task is to help with the communication with China by
translating and transferring the knowledge they acquire abroad back to China. However, this practice
is used less frequently now, as some interviewees report.

In summary, we find that the reverse technology transfers Huawei uses is costly and requires a lot of
effort, as the offshore experts need to travel to China regularly to give workshops and explain ideas
that are not codifiable to their Chinese colleagues directly. Transferring ideas to China has required

Huawei’s domestic locations to catch up on technological knowledge, which the company achieved
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through knowledge absorption in the initial phase of R&D internationalization. Gaining absorptive
capacity enabled the domestic locations to use the offshore experts’ ideas to develop state-of-the-art
technology as, even if the company’s R&D in China has caught up on technological and
organizational knowledge and still struggle to create innovative ideas because of a lack of experience
on the part of the young Chinese employees, as shown in Figure 7. Therefore, the company accesses
experience in the form of hiring senior experts abroad and transfers their ideas for new technologies
via strategically created channels to its domestic R&D, where the development of products takes
place. This strategy enables the company to access innovative ideas abroad while reducing the risks of

knowledge spillovers.
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Figure 7: Findings from the qualitative interviews: from knowledge-seeking to idea-seeking

6 Conclusion

Huawei managed to use reverse technology transfers in order to gain output capability despite aiming
for more difficult to transfer, complex ideas. Huawei’s unique strategy of greenfield R&D
internationalization leads to internalized innovation capability and therefore poses a special case of
achieving output capabilities without external (to the firm) innovative output. However, because this
means the firm still relies on foreign input instead of building innovation capabilities at home, the
strategy remains risky and resembles more strongly what the literature describes as output than
innovation capability (Awate et al., 2012). This configuration provides new insights into the
distinction between output and innovation capabilities and how firms might be able to use internal

reverse technology transfer for creating innovative output.
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Our study shows how Huawei’s strategically orchestrated transfer of new ideas for complex
technologies from offshore to domestic locations shaped its ability to produce innovative output. This
shows that R&D internationalization employing differentiated R&D strategies at home versus host
locations has the potential to bridge a lack of innovation capabilities if strategic knowledge transfer
and matching spatial configurations are in place. Huawei’s knowledge flow orchestration is based on
establishing R&D offices in technologically leading host regions and transferring distant technology
back to its domestic locations to synthesize with internal, seemingly less competitive, capabilities.
However, those offshore locations are not used as typical listening posts from where the company
constantly taps into the local knowledge pool through building local linkages. Instead, tapping into
local capability pools in this case means internalizing knowledge by hiring experienced personnel that
is strongly incentivized to only share ideas within the company with very limited knowledge exchange
with actors outside the firm. In fact, Huawei directs this kind of exchange specifically towards its
domestic locations and puts up barriers against other directions of exchange.

A limitation of this paper’s approach is that the data used for the quantitative model is not suited to
provide a causal relationship. The model aims mainly at revealing the larger patterns found in the
patent data, which only become meaningful in combination with the qualitative insights. Moreover,
the quantitative section focuses on patents, which only represent the codifiable elements of knowledge
and ideas, while the results from the qualitative section refer to the interviewees’ individual concepts
of knowledge and ideas. In addition, a potential bias that might arise from sampling interviewees is
that particularly employees that felt confident enough to talk about their experiences accepted our
invitations. Therefore, employees that had a very tense relationship to their (former) employer might
be more reluctant to answer our interview requests. This might cause us to miss extreme cases.
Moreover, employees at the beginning of their career might be less inclined to answer our request, as
they might not have enough confidence to talk to outsiders about their experiences. This group might
also not feel addressed by our request as they might feel that they do not have enough experience to
contribute any insights, which we tried to avoid by explicitly stating that we are interested in their
unique role as industry experts. Another point is that we measure ideas as an abstract concept in the
form of new combinations of technology groups listed on patents. This approach, while being
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increasingly used in the literature (Fleming, 2001; Kim et al., 2016), might also capture some noise.
Future research should address these shortcomings, expand the generalizability of our findings and
look further into innovation capability generation over space.

Regarding our theoretical and managerial contributions, our findings confirm the literature in that
Huawei first needed to fill its knowledge gaps and build a knowledge base in order to be able to
transfer novel ideas (Luo & Tung, 2018; Wang et al., 2014). This is supported through our model that
shows that the technology transfer picks up speed and that absorptive capability is key for transferring
ideas, as well as through the findings from the interviews that show the firm moving from the transfer
of knowledge towards a transfer of ideas over time. These insights adds to the literature on reverse
knowledge transfer the notion that we need to pay more attention to which kind of information is
exchanged in which phase of the company’s development, as it has different implications for the
transfer process. While knowledge can be learned but needs more in-depth interaction, ideas can be
more easily codified if the receiving side has the needed absorptive capacity. It also shows that
building absorptive capacity is not the same as building innovation capability, but that absorptive
capacity might be used in an intra-firm setting with strategic technology transfer in place in order to
leapfrog innovation capability building and create innovative output sooner. The case shows that
building effective technology transfer abilities seems to be a spatial configuration that can at least
temporarily bridge a lack of innovation capabilities at home.

Huawei splits its R&D activities between research in established industry locations abroad and
development in China for immediate access to innovation capabilities. Through this spatial
configuration of technology transfer the company achieves output capability before reaching
innovation capability at home (Awate et al., 2012). Following this spatial knowledge strategy the
company has to deal with the issue of having to continuously transfer ideas caused by the immobility
of the innovation capability needed to create them (von Hippel, 1994). The core issue here is that
highly innovative inventors will not move easily from abroad to China and moving all capabilities
necessary for the innovation process is very difficult and time-consuming. This is why the company
needs to keep the reverse technology transfer channels open in order to create innovative products.
Nevertheless, even if the current market position of the firm marks the successful transformation from
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a follower to a technology leader, we find that the company has not yet managed to conduct its most
innovative R&D at its domestic locations due to a lack of innovation capability available in China.
Relying on this strategy might create a dependency on technology absorption, and a competitive
advantage that depends on lower wages and production costs at home might not be sustainable
(Gereffi & Lee, 2012). Therefore, we need to better understand how sustainable the approach of
bridging lack of innovation capability through reverse technology transfers is, as it might make the
firm depend on its offshore location’s R&D activities for competitive advantage. We know that this
approach might be less safe and more costly than concentrating the most crucial R&D activities at
home (Gassmann & von Zedtwitz, 1998; von Zedtwitz & Gassmann, 2002) and therefore building

innovation capability there. For instance, the ongoing conflict between Huawei and some Western

governments shows, this approach can be risky if transferring ideas leads to a dependency on offshore

activities in potentially hostile environments. However, particularly the quantitative results show the

gradual and systematic accumulation of experience at Huawei’s domestic locations and therefore

possibly changing roles in the spatial configuration of tasks. This might be a sign that Huawei’s global

R&D organization is on its way to ambidexterity (Dodourova et al., 2023; He & Wong, 2004),

upgrading the role of its domestic R&D within its R&D network.
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Appendix

Guidelines for semi-structured interviews

Experts
Where did you work / study before?
Why did the company hire you?

What is your main task at Huawei? Is it different from tasks at your former employer?

Locations

Is there a difference in tasks between offshore and domestic locations?

Cooperation
Do you (regularly) work with colleagues from different locations at Huawei?
If yes: how closely do you work with Chinese expatriates at your location / offshore experts at other

offshore locations / Chinese employees at locations in China?

Knowledge distribution
Do you share newly created technologies within the company? If yes: how?
Do people from other R&D locations contact you with questions / collaboration requests?

How much knowledge exchange usually takes place between different locations?
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Currently working

Interviewee ID Month of interview Employment Region for Huawei?
EUO1 02.2017 Europe no
EU02 02.2017 Europe no
EUO03 02.2017 Europe no
EU04 03.2017 Europe no
UsSo1 03.2017 USA no
USo02 05.2017 USA no
USo03 05.2017 USA yes
US04 05.2017 USA no
USo05 05.2017 USA no
USo06 05.2017 USA no
uso7 05.2017 USA no
USo08 05.2017 USA no
US09 05.2017 USA no
US10 06.2017 USA no
USI11 06.2017 USA no
US12 06.2017 USA no
USI13 06.2017 USA yes
US14 06.2017 USA yes
USI15 06.2017 USA yes
US16 06.2017 USA yes
US17 06.2017 USA yes
EUO05 06.2017 Europe no
USI18 06.2017 USA no
US19 06.2017 USA yes
EU06 07.2017 Europe no
US20 07.2017 USA no
EU07 07.2017 Europe no
EUO08 08.2017 Europe yes
US21 08.2017 USA no
CAO01 08.2017 Canada yes
EU09 08.2017 Europe no
CA02 08.2017 Canada no
CAO03 08.2017 Canada yes
EUI0 08.2017 Europe yes
EU11 08.2017 Europe no
CA04 08.2017 Canada yes
EU12 08.2017 Europe yes
CAO5 09.2017 Canada yes
EU13 09.2017 Europe yes
EU14 09.2017 Europe yes

Table 7: Overview of anonymized semi-structured interviews
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Metric dependent variable PH mean standard deviation min max
time until transfer 3.89 3.06 0.002 15.58
Metric covariates
company experience 22.59 3.74 12.60 29
transfer capacity 0.74 4.67 0.02 191
(sending location)
absorptive capacity 2.84 5.02 0 112.87
(receiving location)
knowledge complexity 11.12 0.7 8.79 13.05
global novelty -23.72 10.43 -63.97 0
international expansion 73.26 79.63 0 300
Dummy covariates Coded 1 Coded 0 Frequency of 1 Frequency of 0
origin of idea offshore location domestic location 671 2558
Table 8: Descriptive statistics of covariates
transfer absorptive
origin of company capacity capacity knowledge global
idea experience (sending (receiving complexity novelty
location) location)
company experience 0.297
transfer capacity
0.05 0.06
(sending location)
absorptive capacity
0.135 -0.015 0.021
(receiving location)
knowledge complexity -0.055 -0.448 -0.005 0.097
global novelty -0.083 -0.329 0.002 0.1 0.311
international
0.26 0.854 0.065 -0.021 -0.421 -0.262
expansion
Table 9: Correlation matrix of covariates
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Dependent Variable

time until transfer

Model proportional hazards (Weibull distribution)
all offshore domestic
locations locations locations
() ) ®3)
origin of idea 0.271***
(0.065)
company experience 0.113*** 0.106** 0.103™"
(0.013) (0.051) (0.014)
transfer capacity 0.066*** 0.048™" 0.130™"
(0.003) (0.005) (0.006)
absorptive capacity 0.015*** 0.019 0.016™"
(0.003) (0.014) (0.004)
knowledge complexity 0.172%** 0.171™ 0.172™
(0.040) (0.078) (0.047)
global novelty -0.020%** -0.019™ -0.021™"
(0.003) (0.006) (0.003)
international expansion 0.001* -0.003** 0.004™"
(0.001) (0.002) (0.001)
scale parameterA 0.0004 0.002 0.0003
shape parametery 1.559 1.158 1.735
Observations 3,225 671 2,554
Log Likelihood -4,903.6 -865.066 -3,972.792

Note:

*p<0.1; **p<0.05; ***p<0.01;

standard errors in parentheses

Table 10: Corresponding coefficients and significance values to Table 4
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Dependent Variable

time until transfer

Model proportional hazards model oLsS
Weibull Exponential Cox Normal
(parametric) (parametric) (semi parametric)
1) (4) (5) (6)
origin of idea 0.271*** 0.252*** 0.283*** -0.310***
(0.065) (0.064) (0.065) (0.102)
company experience 0.113*** 0.062*** 0.162*** -0.615***
(0.013) (0.012) (0.014) (0.021)
transfer capacity 0.066*** 0.045*** 0.286*** -0.049***
(0.003) (0.003) (0.029) (0.008)
absorptive capacity 0.015*** 0.014*** 0.016*** 0.004
(0.003) (0.003) (0.003) (0.008)
knowledge complexity 0.172%** 0.131*** 0.175%** -0.423***
(0.040) (0.040) (0.04) (0.065)
global novelty -0.020*** -0.018*** -0.021%** -0.015%**
(0.003) (0.003) (0.003) (0.004)
international expansion 0.001* -0.0004 -0.0002 0.003***
(0.001) (0.001) (0.001) (0.001)
Observations 3,225 3,225 3,225 3,225
R? - - 0.191 0.475
Log Likelihood -4,903.6 -5,105.612 -12,170.790 -
AIC 10,227.22 9,825.2 - 5,140.233
Note: *p<0.1; **p<0.05; ***p<0.01;

standard errors in parentheses

Table 11: Sensitivity analysis of transfer of ideas
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Dependent Variable

time until transfer

Model proportional hazards (Weibull distribution)
all offshore domestic
locations locations locations
@) ®) 9)
origin of idea 0.289***
(0.069)
company experience 0.168*** 0.131** 0.140***
(0.017) (0.058) (0.019)
transfer capacity 0.060*** 0.047*** 0.118***
(0.003) (0.005) (0.007)
absorptive capacity 0.015*** 0.019 0.016***
(0.003) (0.015) (0.004)
knowledge complexity 0.227*** 0.177** 0.251***
(0.046) (0.080) (0.056)
global novelty -0.02%** -0.020*** -0.021***
(0.003) (0.006) (0.004)
international expansion -0.001 -0.004** -0.003***
(0.001) (0.002) (0.001)
scale parameterA 6.672 6.249 6.035
shape parametery 0.344 0.125 0.458
Observations 3,225 671 2,554
Log Likelihood -3,498.836 -787.864 -2,663.392

Note:

*p<0.1; **p<0.05; ***p<0.01;

standard errors in parentheses

Table 12: Robustness check for 5-year timeframe for transfer
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