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Abstract

In the face of the challenges of rising demand and increasing economic pressure, medi-
cal service innovations and university hospitals are becoming increasingly important as
cornerstones for the continuous development of medical care. Simultaneously, increasing
technological complexity, scarce funding, and resource-intensive technology development
are forcing university hospitals to open up their internal innovation processes. Numerous
studies have highlighted the beneficial effects of cross-sectoral collaboration on the innova-
tion performance of industrial entities, while neglecting the perspective of academic insti-
tutions. The impact of industry collaborations on the service innovativeness of university
hospitals in particular has not been addressed in previous research. Although the potential
for nonlinear effects of university-industry collaborations has been discussed in research,
adequate evidence, particularly in the healthcare context, has not been provided. Therefore,
this study addresses the questions: (1) What is the impact of university-hospital-industry
collaboration (UHIC) on the service innovativeness of university hospitals? (2) Can a
nonlinear relationship between UHIC and university hospitals’ service innovativeness be
empirically verified? The hypotheses are tested based on an unbalanced panel data set,
which combines three distinct data sources and comprises annual observations from 2011
until 2019 of all German university hospitals. The findings indicate that the UHIC intensity
has a positive effect on university hospitals’ service innovativeness with a one-year time
lag. Furthermore, a negative quadratic UHIC effect was found. In doing so, this study com-
plements existing research and opens the black box by uncovering the downside of cross-
sectoral collaboration for a more complete understanding of the underlying dynamics of
this growing area of research, with a particular focus on university hospitals.
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1 Introduction

University hospitals are widely recognized as cornerstones of the healthcare system for
their medical excellence and key role in the continuous development of medical care (Hey-
der, 2015; Lehoux et al., 2016; Weigel, 2011). Beyond the increasing competitive and per-
formance pressure on German university hospitals, there is a paradigm shift in the frame-
work conditions both in the context of medical care and in medical university research
(Topfer & Albrecht, 2017). With the introduction of the reimbursement system according
to “Diagnosis Related Groups” (DRG), medical services have been reimbursed according
to fixed lump sums since 2003, regardless of the actual use of resources. However, this
reimbursement system does not take into account the growing costs and scarce financial
and human resources in the hospital sector (Busse et al., 2013; Sturm et al., 2019). While
the proportion of economically active population is constantly decreasing, the proportion
of older and thus, multimorbid patients rises (Laubach & Fischbeck, 2007). According to
recent forecasts of case numbers and length of stay in Germany, the number of cases in
hospitals is expected to increase from 19.4 million to 22 million by 2030, while the pro-
portion of patients over the age of 60 is expected to increase from 51 to 61%. As a result,
university hospitals, as providers of the highest level of care, are under particular pressure
to deliver the highest quality of patient care at the lowest cost (Hinkelmann et al., 2017).

In the face of rising challenges in the healthcare system, innovation in medical services
has rapidly gained importance in recent years, forcing hospitals, including university hos-
pitals, to adapt the profitability of their service portfolios to increasing competition and
cost pressures (Hiussler et al., 2010; Savva et al., 2023). While most of the existing lit-
erature on innovation focuses on single activities (e.g., the introduction of new specific
technology), this study focuses on the portfolio level of service innovation. Given that the
benefits of single activities may be short-lived, relying on an innovative service portfolio
allows the hospital to strengthen its long-term market position (Cooper et al., 1999; Salge
& Vera, 2009; Schultz et al., 2012). Previous empirical studies demonstrate the crucial
role of the adoption of medical service innovations, in improving health service providers’
financial performance (Trinh et al., 2008; Zengul et al., 2018), as well as various clinical
outcome variables, such as mortality rate (Jiang et al., 2006), readmission rate and average
length of hospital stay (Moreira et al., 2017), operational efficiency measured as propor-
tion of outpatient surgeries (Dias & Escoval, 2015), and patient-perceived quality of care
(Wu & Hsieh, 2011). Thus, in order to ensure their long-term performance and quality of
care, hospitals need to implement medical service innovations that incorporate changes in
the technology, design, or delivery of a specific health service or a bundle of such services
(Greenhalgh et al., 2004; Mutlu & Siirer, 2015). University hospitals, in particular, as pro-
viders of the maximum level of care, are under particular economic pressure and thus are
forced to innovate in order to improve their efficiency (Bliimel et al., 2020; Hinkelmann
et al., 2017; Schultz et al., 2011). This study aims to explain the service innovativeness of
university hospitals in particular. Following the literature on service innovation, service
innovativeness is defined as the extent to which a service provider (i.e., a university hos-
pital) implements and offers new (medical) procedures within its existing service portfolio
(Greenhalgh et al., 2005; Lee et al., 2009; Schultz et al., 2012).

Rising technological complexity, scarcity of funds, and resource-intensive technology
development are prompting more and more university hospitals to open up their internal
innovation processes (Kesting, 2013; Lester & Sotarauta, 2007). Significant cuts in funding
for academic research and teaching, partly as a consequence of the Europe-wide financial
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crisis, have led to an existential dependence of universities on third-party funding (Heyder,
2015; Kesting, 2013). Consequently, in order to secure their existence and research func-
tion in long-term, medical university research needs to intensify innovation-oriented and
practice-orientated collaborations with industry partners (H&ussler et al., 2010; Lester &
Sotarauta, 2007). Despite the rising importance to implement innovative medical services,
research about university-industry collaboration (UIC) in the medical field are sparse (Tsu-
ruya et al., 2018). But the potential of collaboration between the industry and medical facil-
ities and health professionals are emphasized in numerous studies. For instance, Chatterji
et al. (2008) found that 20% of the approximately 26,000 patents filed in the U.S. medical
device industry between 1990 and 1996 were held by practicing physicians. In addition,
the study showed that physician patents had a stronger influence on subsequent invention
activity than pure industry patents without physician involvement. However, this finding
emphasizes the importance of cross-sectoral collaboration in the medical device discovery
process (Chatterji et al., 2008). The role of industrial funding of academic research has
further grown in the last decades, pinpointing the rising relevance of UIC for innovation
(Fischer et al., 2018; Gulbrandsen & Smeby, 2005). Given impede conditions of health
care organizations, literature has increasingly emphasized the role of research networks and
therefore the sharing of capabilities, resources and competencies with industry to create
new service innovations. In this regard, UIC is considered to be a main engine of innova-
tion in the context of the knowledge-intensive economy (Muscio & Pozzali, 2013; Tian
et al., 2022; Wirsich et al., 2016).

Despite the extensive and growing literature on UIC and firms’ innovation performance
(Gretsch et al., 2019; Kobarg et al., 2018; Tian et al., 2022), little attention has been paid
to potential effects of industrial research collaboration in the innovation context from par-
ticularly health service providers’ perspective (Dhainaut et al., 2020; Wit-de Vries et al.,
2019). No quantitative study exists that has examined the role of industry research collabo-
rations on university hospitals’ service innovativeness. In this regard, this research aims
to provide a better understanding of how university hospitals may benefit from industrial
research partnerships, and how university hospitals should manage their research collabo-
rations in order to successfully respond to the increasing competitive and economic pres-
sures in healthcare. Following established theoretical frameworks of previous studies in
the UIC research field (e.g., the resource-based view (Barney, 1991)), this study argues
that university hospitals may use the external knowledge and resources gained from their
industry research partners to develop, refine, and implement new medical service innova-
tions. However, to close existing research gaps and complement previous research, this
study tests for the existence of a marginal effect of university-hospital-industry collabora-
tion (UHIC). On the one hand, limited capabilities (Muscio, 2010), increasing coordination
efforts (D’Este & Patel, 2007), and a growing perceived threat of losing academic freedom
(Azagra-Caro et al., 2006; Tartari & Breschi, 2012), as well as an increasing cognitive dis-
tance between academic and industrial researchers (D’Este & Perkmann, 2011; Muscio &
Pozzali, 2013), may limit the integration of too many external knowledge sources. On the
other hand, increasing marginal returns of UHIC intensity might exist because of learning
effects and emerging trust toward industry partners (Bruneel et al., 2010; Rajalo & Vadi,
2017).

The proposed hypotheses are tested by applying a panel data of all available German
university hospitals for the period between 2011 and 2019. This data allows us to consider
objective information about the degree of service innovativeness of hospitals as well as
the incorporation of relevant control variables. The UHIC intensity is measured based on
extracted publication data from Web of Science (WoS) following the co-authorship concept
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(Bozeman et al., 2013). To provide valid empirical evidence, this study introduced a set of
robustness checks with, for instance, an alternative measure for the hospital service inno-
vativeness and UHIC intensity. This study contributes to the sparse literature on the impact
of UIC on the implementation of service innovations in university hospitals and aims to
reconcile long-standing conflicting views on the marginal effects of cross-sectoral research
collaborations.

2 Theoretical background and hypotheses

2.1 The effect of industry collaboration on university hospitals’ service
innovativeness

Collaborative research between universities and industry are recognized to increase the rate
of innovation in diverse sectors (Mueller, 2006; Rajalo & Vadi, 2017). Substantial research
has been focusing on beneficial effects of UIC, as such positive effects on the quality of
new product ideas (Gretsch et al., 2019), technological product newness (Wirsich et al.,
2016), commercialization success of novel products (Duysters & Lokshin, 2011; Kobarg
et al., 2018), financial outcome and patent count (George et al., 2002; Tian et al., 2022).
Many studies have been focusing on innovative performance in the manufacturing industry,
but at the same time less attention has been given to the service industry (Hee et al., 2018).
Distinctive service quality is essential to service providers, particularly in the healthcare
sector (Eiriz et al., 2010; Trinh et al., 2008). However, there is a persistent lack of empir-
ical studies that focus on the relationship between industry research collaborations, and
the introduction of service innovations, particularly in the hospital sector (Dhainaut et al.,
2020; Tsuruya et al., 2018).

Since healthcare systems are facing greater scarcity of financial and human resources,
high quality and efficient medical treatment can be ensured by implementing new ser-
vice innovations (Lehoux et al., 2016; Preker & Harding, 2003). Recent literature empha-
sizes three major innovation-related benefits that can accrue to both sides in the course of
UIC. First, ideally, all parties involved gain valuable access to complementary resources.
According to the “resource-based view” (RBV), internal resources alone are often insuffi-
cient for the development of new products and/or services to cope with the increasing envi-
ronmental complexity and the speed of technological change (Barney, 1991; Peteraf, 1993;
van Rijnsoever et al., 2008). According to this view, in an increasingly dynamic environ-
ment, organizations rely more and more on external sources of knowledge and resources,
which can provide a significant portion of the inputs required to develop successful innova-
tions. Therefore, research collaboration has become an important vehicle in this knowledge
sourcing process, and thus firms, but also academic institutions, engage in UIC collabora-
tion (Belderbos et al., 2015; Enkel et al., 2009; Schultz et al., 2021).

Second, collaborative research is also associated with cost and risk sharing, which
can be particularly valuable for both sides, especially in the context of increasing tech-
nological complexity and investment-intensive research and development (Kobarg et al.,
2018; Wirsich et al., 2016). This is particularly true if the organization intends to intro-
duce services that are new to the organization, and if the organization plans to target
new market segments with either limited or no previous experience (Kock et al., 2011).
Furthermore, this is also important in the case of complex medical service innovations,
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where an imitation of innovation activities reduces uncertainty during the innovation
process (Kennedy & Fiss, 2009; Trinh et al., 2008).

Finally, UIC literature often emphasizes the potential synergy effects underlying
the merging of basic academic research with the practice-oriented research of indus-
trial entities. In the context of knowledge translation, i.e., the transfer of findings from
basic research into practice, companies benefit through an appropriate share of the prof-
its, for instance, involving patenting and licensing of inventions as well as academic
entrepreneurship (Ortiz, 2013; Wit-de Vries et al., 2019). On the other hand, knowl-
edge translation is for academic research also a major motive to engage in UIC, for
instance, to test novel ideas and/or theories and apply them in practice-related settings
(Ankrah et al., 2013; Tseng et al., 2020). Thus, for university research, which is often
seen as a driver of basic research (Bruneel et al., 2010; Kesting, 2013; Ponds et al.,
2010), the opportunity arises for the application and timely implementation of applied
research (D’Este & Perkmann, 2011; Lang, 2013). It is also plausible to assume that
university medicine strives for a more effective translation of knowledge from basic
medical research into clinical practice. So, it should be underlined that research col-
laborations are not only driven by financial incentives (Colyvas et al., 2002; Tartari &
Breschi, 2012). Universities also devote many of their own resources to most collabora-
tive research projects (Lester & Sotarauta, 2007; van Rijnsoever et al., 2008). In this
context, D’Este and Perkmann (2011) were able to show in their qualitative study in the
United Kingdom that it is not the economic aspects that are decisive for academic sci-
entists, but rather the opportunity to advance their own research through an exchange of
content with industrial research. Given the high demand for medical service innovations
to improve the quality and efficiency of their own hospital operations (Greenhalgh et al.,
2005; Labitzke et al., 2014; Lehoux et al., 2016), this also seems plausible for German
university medicine. In addition, the gap between academic laboratories and the indus-
trial marketplace has shrunk, and therefore universities, teaching hospitals, and other
academic institutions have become more adept at commercializing academic research
(Lehoux et al., 2016; Lester & Sotarauta, 2007).

Within the large number of studies that have focused on the potential positive effects
of UIC on innovation at the organizational level, many previous studies have neglected
the possible time-lag effect of research collaborations (Wirsich et al., 2016). In fact,
research results in the form of new products, processes, or services usually cannot be
introduced into practice immediately after the development process or the publication of
the knowledge base (Ponds et al., 2010). In the medical field, the introduction of innova-
tions is related with a high level of uncertainty and thus, can be very time-consuming
(Angst et al., 2010; Schultz et al., 2011; Weigel, 2011). First, new medical services have
to be checked with the Institute for Hospital Payment Systems to see if they already
exist in the existing DRG system. If this is not the case, the concrete fees for the new
medical procedure must be negotiated with the statutory health insurers, which are often
rejected in the initial application rounds (Bliimel et al., 2020; Héaussler et al., 2010).
In this regard, it is conceivable that research collaborations with industry partners may
have a delayed impact on the introduction of new medical services in university hospi-
tals. In summary, university hospitals can gain valuable complementary resources from
UHIC, as well as the opportunity for knowledge translation and risk sharing during the
innovation process, which overall facilitates the implementation of new medical service
innovations. Based on these arguments, the following hypothesis is derived:
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Hypothesis 1 University-hospital-industry collaborations have a positive impact on the
service innovativeness of university hospitals.

2.2 Nonlinear effects of industry collaboration on university hospitals’ service
innovativeness

According to recent research, the effects associated with UIC on the creation of new
knowledge and innovations are not strictly linear (Cheng et al., 2020; Melnychuk et al.,
2021; Wirsich et al., 2016). At the same time, however, the results of studies in this area
of research are not consistent as to whether UIC has diminishing or increasing marginal
effects (Banal-Estafiol et al., 2015).

Scholars have argued that both university and industry actors are interested in building
long-term relationships with each other to take advantage of their complementary organi-
zational strengths (Arundel & Geuna, 2004; Azagra-Caro et al., 2006; Bruneel et al., 2010;
Mueller, 2006). However, the formation of ties and interactions for efficient knowledge
transfer in cross-sectoral research collaborations requires many different prerequisites, such
as familiarity, trust, common understanding and language, and a long-term commitment
to the collaboration (Muscio & Pozzali, 2013; Ortiz, 2013; Thune, 2007). For example,
a recent UIC review by Wit-de Vries et al. (2019) shows that interpersonal interactions
are often emphasized in studies by university and industry actors as the main mechanisms
for bilateral knowledge flows. By intensifying interactions, involved research partners can
learn about each other’s needs, capabilities, and competencies, and this can also lead to
internal capabilities to better coordinate and improve the required processes in collabora-
tive research (Ankrah et al., 2013; Tartari & Breschi, 2012). This, in turn, increases the
available (slack) resources and capabilities that would otherwise have to be invested in the
costly management of UIC and can thus be invested instead in internal innovation activi-
ties. To summarize, an increasing number of research collaborations and more intensive
networking activities can lead to a higher exchange of knowledge and resources due to the
growing trust and the emergence of informal relationships and learning effects between
university and industry actors. This leads to the suggestion that the effects of UHIC are not
linear, but may have an increasing marginal effect on the service innovativeness of univer-
sity hospitals:

Hypothesis 2a The positive effect of university-hospital-industry collaborations on ser-
vice innovativeness of university hospitals will show an increasing marginal effect.

Despite the often emphasized positive influence of UIC on service innovation, nega-
tive aspects and potential decreasing marginal (nonlinear) effects of UIC are still poorly
explored (Lin, 2017; Wit-de Vries et al., 2019). Literature often highlights that organi-
zations struggle to apply externally generated resources and knowledge due to limited
internal capabilities, since assimilation and integration of novel knowledge required an
immense amount of available resources and need to overcome different knowledge barri-
ers (Hee et al., 2018). Organizational theory has often emphasized that an organization’s
capacity, also known as its "absorptive capacity,” to integrate information and knowledge
from external sources to generate or implement innovations is limited by its available
resources and knowledge base (Azagra-Caro et al., 2006; Kobarg et al., 2018). According
to this view, the limited organizational capacity to digest new external knowledge will also
limit the potential impact of UHIC on the service innovativeness of university hospitals
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to a certain extent. As the number of research partners increases, so does the complexity
of managing a diverse portfolio of collaborations and the need to allocate limited internal
resources to managing them. As a result, UIC can be disproportionately costly and strate-
gically challenging, and potential problems arise from being "too open" and overweight-
ing the beneficial effects (Faems et al., 2010; George et al., 2002; Wirsich et al., 2016).
For instance, Duysters and Lokshin (2011) show that alliance complexity has an inverse
U-shaped relationship with innovation performance (i.e., introduction of new products
to the market). The results the study of Lin (2017) complements this view by revealing
that the number of industry collaborations has an inverted U-shaped relationship with the
academic innovation of universities, measured as the number of citations of the scientific
publications. Although these empirical studies do not focus on the perspective of univer-
sity hospitals and service innovation, they explain the diminishing marginal effect of UIC
by emphasizing the increasing complexity with increasing number of cross-sectoral col-
laborators. Besides complexity, coordination, decision-making, and monitoring efforts may
increase disproportionately with the number of collaborations, leading to redundancies
(Bruneel et al., 2010). As a result, the intensity of UIC may have diminishing marginal
effects on the service innovativeness of university hospitals.

A frequently highlighted resistance to knowledge from external sources, known as the
"not invented here" syndrome (R. Katz & Allen, 1982), may also lead to a reduced effect
of UHIC on service innovation in university hospitals. According to this view, individu-
als generally have negative attitudes toward knowledge, ideas, or technologies from exter-
nal sources that may affect their status quo at work (Burcharth et al., 2014). In particular,
health professionals (e.g., physicians and nurses) may develop greater negative attitudes
toward ideas and innovations from external sources if they feel dominated and perceive a
threat to their professional role (Huynh et al., 2023). This may result from health profes-
sionals’ identity as caretakers of their patients’ lives, which may lead them to rely more
on their own expertise (Maccoby et al., 2013; McNeill, 2013). This mentality may foster
the not-invented-here resistance, which is intensified by the increasing number of industry
collaborations (Nissen et al., 2015). In this regard, Tartari and Breschi (2012) showed in a
large survey of university researchers that the decision to collaborate with industry partners
is crucially influenced by the perceived threat to the academic freedom of the researcher.
As the number of industry collaborations increases, the perceived threat reinforces the
overemphasis on external knowledge and ideas in the implementation of innovations. As
a result, too many collaborations and a substantial amount of external knowledge mitigate
the efficiency of UHIC and thus potential benefits on the innovation performance. As such,
the influence of UHIC on service innovativeness may be nonlinear, reflecting decreasing
marginal effects over the continuum of UHIC intensity:

Hypothesis 2b The positive effect of university-hospital-industry collaborations on the
service innovativeness of university hospitals will show a decreasing marginal effect.

3 Methodology
3.1 Data sources

The empirical approach to test the hypotheses is based on an unbalanced panel dataset,
which combines three distinct data sources and comprises annual observations from 2011
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until 2019 of 32 German university hospitals. As a first data source, this research processes
structural hospital and medical department data (e.g., number of beds, number of physi-
cians, disease and procedural case numbers) from publicly available hospital quality man-
agement reports. These report cards are part of the mandatory external quality monitoring
system operated by the executive authority in the German healthcare system, the “Federal
Joint Committee” (Gemeinsamer Bundesausschuss). As a second data source, regional dis-
trict-level data on the population and the district’s gross domestic product (GDP) are used
from the “Regionaldatenbank Deutschland — GENESIS” database, which is administered
by the statistical office of North Rhine-Westphalia. And as a third data source, this study
uses data from the WoS publication database in order to capture all research collaborations
of the examined university hospitals with industry partners (i.e., UHIC) based on the co-
authorship concept (for a similar approach, see Bozeman et al., 2013).

The dataset includes comprehensive information on all German university hospitals
available for the period 2011—2019, with the exception of the privately owned "Univer-
sity Hospital Giessen and Marburg", which was excluded from the analysis to maintain the
rigor of the study (Busse & Bliimel, 2014). Thus, this study utilized a representative sam-
ple of all German university hospitals, which are crucial components of medical research
and providers of maximum care, representing approximately 10% of all hospital beds in the
country (Bliimel et al., 2020).

3.2 Measurement

Service innovativeness as dependent variable. Based on service innovation literature
(Greenhalgh et al., 2005; Lee et al., 2009; Schultz et al., 2012), a health provider’s service
innovativeness is defined as its ability to implement a variety of new health services for
patient treatment in a timely manner. Medical progress and changing demands force hospi-
tals to regularly adapt their portfolio of medical services to be able to provide high quality
health services (Eiriz et al., 2010; Greenhalgh et al., 2004; Trinh & Begun, 2019). In this
study a university hospital’s service innovativeness (Servicelnnol) is therefore measured
based on the share of patients that are treated with medical operational procedures that
are newly implemented in the German health system in that particular year. In Germany,
medical procedures are officially classified by the so-called “Operationen- und Prozedu-
renschliissel” (OPS), which is the German classification system for operations, procedures,
and general medical activities, based on the International Classification of Procedures in
Medicine from the World Health Organization (Bliimel et al., 2020). Newly implemented
OPS codes are registered in annual, publicly accessible reports of the German Federal
Institute for Drugs and Medical Devices. The new OPS codes were manually extracted
from these reports for each year from 2012 to 2019. Only new OPS codes that represent
genuinely new medical procedures were included in the analysis (e.g., OPS codes that were
introduced as a result of splitting existing medical procedures into new subsidiary codes
were excluded).

As a robustness check, this study applied a second measurement for the dependent vari-
able (Servicelnno2). A university hospital’s service innovativeness is alternatively opera-
tionalized based on the share of patients that are treated with newly applied medical pro-
cedures in the focal university hospital in a particular year. By comparing the OPS codes
reported annually by each university hospital with those from the previous year, newly
applied medical procedures were identified for each considered university hospital. To
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meet the assumption of a normally distributed dependent variable, both service innovative-
ness measures are transformed using their natural logarithms.

UHIC intensity as independent variable. In this study, the UHIC intensity is operation-
alized as the share of industry publications relative to all scientific publications of a con-
sidered university hospital per year. A publication is defined as an industry publication if
at least one company is listed as an author organization. All research collaborations were
identified based on the publication data extracted from the WoS database according to the
principle of co-authorship. Although the co-authorship is a partial indicator for all research
collaboration, this concept is widely established and provides several advantages, including
verifiability, stability over time, data availability, and ease of measurement (Bozeman et al.,
2013; Chen et al., 2019; Katz, 1997). All relevant information about all industrial and non-
industrial research partners (e.g., organization names and addresses) were also retrieved
from the biometric data. Due to the fact that certain university hospitals use particular
organizational names and abbreviations in their publications, a specific search string was
created for each university hospital to identify all publications in the WoS database.

As robustness check, a second measurement for the independent variable was applied.
The intensity of UHIC is also measured as the share of industrial partners relative to all
partners in all published research (Share of industrial partners). This was done by counting
the distinct number of companies listed in the authors’ address information. Special care
was taken to ensure that a listed company was counted only once per publication. During
the initial data analysis, it was frequently found that numerous companies were listed more
than once in a publication, for example due to the naming of different departments, projects
or due to data entry errors. In order to avoid double counting, the number of companies
was recorded on the basis of the institute name, as this does not contain any additional
information, such as the project name or the department notation. Addresses with the same
company name but a different country addresses were considered as two different industrial
partners.

Control variables. The empirical model includes other hospital characteristics and envi-
ronmental variables that may affect an organization’s service innovativeness. To account for
each university hospital’s regional competitive pressure, the Herfindahl-Hirschman Index
(HHI within 30 km radius) was measured based on a university hospital’s share of patients
relative to other hospitals within a 30 km radius (Mollenkamp et al., 2022). The number of
beds (Total beds) is used to control for the size of the hospitals (Mutlu & Siirer, 2015; Rye
& Kimberly, 2007). Considering the fact that the top management is responsible for (re-)
allocating resources for innovation activities (Greenhalgh et al., 2004; Schultz et al., 2012),
this study controls for potential changes in the university hospital’s senior management.
The tested models differentiate between changes of the administrative (A AdminHead),
medical (A MedicalHead), and care (A CareHead) leadership. These changes are measured
respectively as binary dummy variables (O=not new; 1 =new). Available physician sup-
ply in the hospitals is often emphasized as a potential factor in their innovation behavior
(Labitzke et al., 2014; Schultz et al., 2012). To control for this, the number of physicians
per 1000 cases (PhysPer1000cases) is included. In order to account the general effect of
research collaborations, the number of all publications (Number of all publications) and
mean number of research partners per publication with a one-year time lag (Mean number
of research partners) were both included as controls (Greenhalgh et al., 2005). In addi-
tion, healthcare management literature increasingly highlights spatial knowledge spillovers
which can determine the uptake of novel medical devices and service innovations (Hughes
& Luft, 1991; Mollenkamp et al., 2022). The geographic proximity to neighboring hos-
pitals, helps focal hospitals to evaluate and assess the relative advantage of new service
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innovations (Angst et al., 2010; Trinh et al., 2008). In this regard, all tested models control
for the average service innovativeness of neighboring hospitals within a radius of 30 km
(Neighbors’ service innovation 30 km radius). Finally, exogenous socioeconomic factors
are also often considered to be determinants of organizations’ service innovativeness (Lee
et al., 2009; Preker & Harding, 2003); and thus this model controls for the district’'s GDP
per capita in 2012 prices (GDP). Some of the regressors introduced (Beds and GDP) are
measured in natural logarithms to account for unequal variation.

3.3 Statistical analysis

Given the underlying dataset consists of i=1, 2, ... N study units (i.e., university hospitals)
and whose observed characteristics are available for =1, 2, ...T at different time points
(i.e., observation years), panel regression analysis is particularly suitable (Cameron &
Trivedi, 2005). The standard linear panel regression equation is as follows:

Yie = X< ot uy

The term y,, represents the dependent variable, in this case the service innovativeness
of the i-th university hospital at time . x;, represents all observable independent variables
included in the model that may influence the dependent variable. While < represents the
marginal effect of a specific independent variable, such as the UHIC intensity, on the
dependent variable. Thus, it can be used to test Hypothesis 1 (if = > 0). The expression
@; includes all these unobserved time-constant factors that affect the dependent variable
but were not included in the analysis. It accounts for individual heterogeneity of the i-th
university hospital that does not change over time. Whereas u;, is the collective term for
unobserved factors (e.g., random shocks) that affect the dependent variable for the i-th uni-
versity hospital at time ¢ (Bigrn, 2017).

Panel regression analysis is a powerful method for studying datasets with both tempo-
ral and cross-sectional dimensions. It allows for the inclusion of entity-specific effects and
dynamic relationships over time, and enhances the researcher’s capacity for causal infer-
ence and efficiency gains in statistical estimation (Bell & Jones, 2015; Bigrn, 2017). Two
common methods for analyzing panel datasets are the "fixed effect model" and the "ran-
dom effect model". Both models differ with respect to the basic assumption that there is a
correlation between the unobserved time-constant factors ; and the observed explanatory
variables x;, (Aljandali & Tatahi, 2018). To determine whether to use a fixed or random
effects model, a “Hausman Test” was performed, with the null hypothesis that the preferred
model is random effects and the alternative is fixed effects (Hausman, 1978; Hsiao, 2022).
The conducted Hausman Test indicated that the random effects model is the appropriate
approach for the given panel dataset. The “Breusch—Pagan Lagrange Multiplier Test” was
also performed to test for heteroskedasticity in a linear panel regression model and to fur-
ther validate the suitability of the random effect model (Breusch & Pagan, 1980). In panel
data analysis, heteroskedasticity (i.e., the variance of the error term is not constant across
the observed university hospitals) can violate an underlying assumption of a linear regres-
sion model. This can lead to inefficient estimates and biased standard errors, which affects
the validity of statistical conclusions (Bigrn, 2017). The test statistic shown for all tested
models p-values below an appropriate threshold (i.e., p <0.05). Thus, the required assump-
tion (i.e., homoskedasticity) can be assumed (Bell & Jones, 2015). This study applies
common model selection quality criteria as the “Akaike Information Criterion” (AIC) and
“Bayesian Information Criterion” (BIC) and the “Log-Likelihood Ratio Test” (LRT) to
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verify for significant differences in the fit between the different estimated models (Hsiao,
2022).

4 Results
4.1 Descriptive statistics

The examination of the descriptive statistics and correlations of the underlying variables
revealed that most correlations among the explanatory variables have a moderate value
(see Table 1). However, because this study controls for organization-specific effects in the
random effects panel model, high correlations among the “raw” variables will not (inevita-
bly) cause problems of multicollinearity in the estimation.

The results of the descriptive analysis of the past UHIC for the period 2011 to 2019
show that networking activities between university hospitals and industrial entities have
grown significantly each year. As for instance, the average number of industry partners
per university hospital grew from 90.22 in 2011 to 418.8 in 2019, an increase of 363.73%.
The average number of all research partners per publication, regardless of industry or non-
industry background, also shows an increase of 315.09% between 2011 and 2019. In addi-
tion to the increasingly dense network structures (larger research groups), the results show
that university medical research in general has not only opened up its internal innovation
processes more to industry, but has also formed research communities much more fre-
quently overall (see Appendix Table 3).

4.2 Random effects panel regression results

Table 2 reports the results of the linear and quadratic effect for both innovation measures,
Servicelnnol and Servicelnno2. In order to take account of whether the size and statisti-
cal significance of any of the results might depend on the inclusion or exclusion of some
of the variables from the regression, the independent variables were added step by step
in the regression analysis. Parameter estimates for the year dummies (2012 to 2019) are
not shown to economize on space. In Model (1) and (4), only the control variables are
considered.

The results in Model (1) and (4) indicate that different control variables have a statisti-
cally significant effect on university hospitals’ service innovativeness, depending on how
service innovativeness is measured. As such, the covariates GDP (In), total number of
beds, and HHI within 30 km radius (In) have a positive significant influence on the service
innovativeness measured as Servicelnnol. With Servicelnno2 as the dependent variable,
the control variables Physicians Per 1000 cases and change of medical department heads
show a positive effect on the service innovativeness of university hospitals.

When considering the LOGLIKE, AIC and BIC statistics, all tested models with the lin-
ear and quadratic UHIC effect obtain a higher model fit compared to the estimations of the
basic model (Model (1) and (4)). These improvements are highly statistically significant
(»<0.01), as indicated by the conducted LRT.

The results of Model (2) and (5) show that UHIC intensity has a significant positive
impact on the service innovativeness of university hospitals (Model (2), =5.597, p<0.01,
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Model (5), B=5.451, p<0.01). Interestingly, both coefficients are quite similar and both
are statistically significant at 1% level. The findings therefore support Hypothesis 1.

Finally, the estimation results in Model (3) and (6) show both a negative significant
quadratic effect of UHIC (Model (3), B=-44.366, p <0.05 and Model (6), B =—42.656,
p<0.05) and provide support for Hypothesis 2b. Thus, this observation suggests that
industry collaborations have a positive effect on the innovativeness of university hospitals
only up to a critical level. Beyond this critical value, the UHIC effect is reversed, imply-
ing that as the UHIC intensity (i.e., share of industry publications) increases, the service
innovativeness of university hospitals decreases. In the following, the quadratic effect is
analyzed and discussed in more detail.
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Fig. 1 Marginal effect plots with both service innovativeness measures
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4.3 Quadratic effect of industry collaboration on university hospitals’ service
innovativeness

To further illustrate the marginal UHIC effect, the following Fig. 1 shows the marginal
effect plot for both service innovativeness measures integrated with the histogram show-
ing the frequency distribution of the independent variable (UHIC intensity). For a better
interpretation of the results, the plotted values of both service innovativeness measures on
the y-axis are the exposed (non-logarithmized) values. The upper plot depicts the negative
marginal effect with ServiceInnol as the dependent variable. Both plots show the decreas-
ing marginal effect of UHIC and a similar trend.

With the innovation measure Servicelnnol, the calculated optimum is equal to 0.168
and with the variable Servicelnno2, the optimum of the marginal UHIC effect lies at 0.169.
Both optimum values are very similar.

This suggests, for example, that if a university hospital exceeds the critical value of
16.83% in its share of industry collaborations, it can expect a negative, rather than a posi-
tive, effect of UIC on its service innovativeness. Looking at the given frequency distribu-
tion of UHIC, it becomes apparent that most of the university hospitals in the sample are
below the estimated critical thresholds. Thus, it can be presumed that none of the consid-
ered university hospitals have observed negative effects on their innovation performance so
far. It can also be assumed that university hospitals may be aware of the critical threshold
and therefore manage their collaborations with industry in a targeted manner.

4.4 Robustness checks

All above presented random effect regression models were also conducted with share of
industry partners (i.e., share of industry research partners in proportion to all research
partners) as alternative independent variable. The results are consistent with the findings
in case of the proposed positive linear UHIC effect and thus provide support for Hypoth-
esis 1 (see Appendix 4 Model (8) and (11)). However, the results of this additional robust-
ness check provide only partial support for Hypothesis 2b, as only a statistically signifi-
cant decreasing marginal UHIC effect on the service innovativeness of university hospitals,
measured as Servicelnno2, was found (Model (12); 3=—-561.958, p<0.1). Considering
these results, the critical threshold is estimated to be x=0.039. In particular, this means
that a university hospital with up to 3.91% industry partners in its collaboration portfolio
can expect a positive UHIC effect on its service innovativeness, but after this threshold
is exceeded, the UHIC effect will reverse. It should be noted, however, that these results
should be treated with the highest degree of caution, as this study was only able to provide
statistically significant results for this quadratic effect at the 10% significance level and for
only one of the two service innovativeness measures.

To further bolster the study findings, all original models presented in Table 2 were also
tested with alternative service innovativeness measures. As such, Alternative Servicelnnol
measures the percentage of OPS codes (instead of the number of treated patients) used by
the focal university hospital that are newly implemented in the system. While Alternative
Servicelnno? represents the percentage of OPS codes that are new to the focal university
hospital’s service portfolio for each considered year. The results of the estimated random
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effect models provide also empirical support for Hypothesis 1 and thus, suggest that uni-
versity hospitals likely are able to utilize the UHIC to improve their service innovativeness
by implementing new medical procedures (see Appendix Table 5 Model (14) and (17)).
Considering the log-likelihood, BIC and AIC statistics, the inclusion of the linear and
quadratic UHIC effect improves the model fit in comparison to the basic model.

It was additionally examined whether the linear as well as the quadratic effect of UHIC
could be found statistically significant without the proposed time lag of one year. However,
the findings confirm that UHIC do not show a statistically significant effect on the service
innovativeness of university hospitals without a respective time lag. Only when the Ser-
vicelnno2 measure is considered as the dependent variable, the robustness check reveals
a weakly significant quadratic at the 10% significance level (see Appendix Table 6 Model
(21); B=—49.643).

5 Discussion
5.1 Theoretical implications

The study provides empirical evidence on the relationship between UIC and service inno-
vativeness from the perspective of university organizations. The research findings show
that the intensity of UHIC has a positive impact on the service innovativeness of university
hospitals. This suggests that university hospitals engaging in collaborations with indus-
try partners are more likely to exhibit higher levels of service innovativeness. The study
provides empirical evidence that such collaborations can positively influence innovation
adoption in service-based organizations, expanding the understanding of innovation adop-
tion beyond product-centric contexts. To the best of my knowledge, no other study has
adopted so far, a similar, rigorous quantitative approach to empirically investigate the effect
of UHIC and university hospitals’ service innovativeness. In doing so, the results of this
study add valuable evidence to the existing literature on healthcare innovation and UIC by
highlighting the relevance of a relatively new and often neglected form of cross-sector col-
laboration for the service innovativeness of university hospitals. The study utilizes panel
data regression analysis with random effects, providing a robust methodological approach
to analyze objective longitudinal data from 2011 to 2019. It also conducts a great set of
robustness checks, strengthening the reliability of the research findings. Furthermore, the
additional robustness check confirms the relevance of considering a time lag of the effect
of industry collaborations on the service innovativeness of university hospitals. As the
time lag is often neglected in empirical studies, the results of this study help to improve
the understanding for future studies and enrich the sparse literature on university-industry
knowledge transfer in the healthcare context. This study introduces also two alternative
measures of service innovativeness following existing service innovation definition in lit-
erature (e.g., Lee et al., 2009; Schultz et al., 2012) and finds consistent results with the
main analysis. This expands the understanding of service innovativeness and confirms
the robustness of the findings. In addition, these measurement approaches can inspire the
development of more precise and context-specific metrics for service innovation in further
sectors.
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Although no comparative studies are available, it can be claimed that the finding that
industry collaborations have a positive effect on the innovation performance of academic
organizations is consistent with the results of other recent studies. For example, the com-
prehensive literature review by Ankrah et al. (2013) shows that most of the studies in this
area found consistent results that one of the main motivations of university actors to engage
in UIC is to facilitate the implementation of innovation through knowledge/technology
transfer. The findings of this study also complement existing evidence of recent research,
as for example, the study of Tseng et al. (2020) which revealed that UIC positively impact
universities” technology innovation performance.

Moreover, this study also examined potential nonlinear effects of UHIC on service inno-
vativeness. It was observed that the positive impact of UHIC on service innovativeness
reaches a critical point, beyond which the UHIC effect becomes negative. In other words,
while collaborations with industry partners initially lead to increased service innovative-
ness, excessively high levels of such industry collaborations may hinder or decrease the
university hospitals’ ability to introduce new medical services in their portfolio. By identi-
fying this negative quadratic UHIC effect on service innovativeness, this research empha-
sizes the nuanced nature of UIC dynamics in healthcare. These finding challenges exist-
ing assumption of linear relationships and between UIC and innovation adoption in the
healthcare context, emphasizing the need for more context-specific theories and research.
Furthermore, it helps to reconcile conflicting views in UIC research on diminishing and/
or increasing marginal effects of UIC. By doing so, this study sheds light on the underex-
plored area of cross-sectoral collaboration in healthcare and highlights the importance of
considering both the positive and negative consequences of industry collaboration on inno-
vation adoption from the perspective of university actors. This, in turn, can be incorporated
into existing theories of UIC and innovation management.

5.2 Managerial implications

A large number of previous empirical studies (e.g., Jiang et al., 2006; Moreira et al., 2017;
Zengul et al., 2018) have shown that the introduction of new medical services has a very
high practical relevance for the performance of health service providers and thus for their
long-term competitiveness. Thus, the study’s findings can support evidence-based deci-
sion-making for university hospital managers, healthcare policymakers, and researchers
seeking to improve the quality of healthcare services, patient outcomes, and the overall
innovation ecosystem. For example, university hospital leaders should recognize the poten-
tial benefits of collaborating with industry partners to access knowledge, resources and
technologies that can enhance the adoption of new medical services. In addition, university
hospital managers should recognize the importance of organizational policies that support
efficient knowledge transfer with cross-sectoral research partners. They should foster an
environment that encourages the exchange of knowledge and expertise between academic
and industry partners. Implementing practical measures, such as establishing research
hubs for cross-sectoral teamwork, implementing key performance indicators to measure
the impact of collaborative research, and creating clear policies on intellectual property
issues, can create an environment for successful and mutually beneficial research collabo-
rations between academic and industry actors. This, in turn, supports the implementation
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of innovative medical services in the operations of university hospitals, ultimately enhanc-
ing patient care.

At the same time, however, university hospital managers should be wary of the risks
associated with too much collaboration with industry, which can lead to a decline in the
university hospital’s own capacity for innovativeness. University hospital managers and
policymakers must strive to find a proper balance between collaboration and maintain-
ing the hospital’s internal capacity for its core practices. Thus, this research highlights the
importance of a continuous monitoring and evaluation system to assess the impact of col-
laborations over time in order to maintain an optimal level of collaborations to avoid poten-
tial diminishing returns on internal innovation activities.

Policymakers should consider supporting and incentivizing strategic collaborations
between universities, hospitals and industry, while also encouraging internal research
and innovation initiatives within university hospitals. Policymakers can also support the
effectiveness of UHIC by establishing policies that specify the goals, scope, and intensity
of collaborations that are aligned with the innovation goals and strategic priorities of the
actors involved.

6 Conclusion

In conclusion, this study has provided valuable insights into the relationship between
UHIC and service innovativeness in German university hospitals. By analyzing objective
panel data from 2011 to 2019 and employing robust regression models including a set of
robustness checks, the study has demonstrated that UHIC has a significant positive impact
on university hospitals’ service innovativeness. This finding emphasizes the importance of
fostering collaborations between academia and industry in the healthcare sector to drive
service innovation and improve patient care. Moreover, the study’s exploration of the quad-
ratic effect of UHIC on service innovativeness has revealed a critical point beyond which
the positive impact diminishes and may even become negative. This nonlinear relationship
underscores the need for thoughtful management of industry collaborations and highlights
the potential risks of overburdening the coordination of industry partnerships.

As with any other research, this study has some limitations that provide avenues for
future research. The investigation focused on German university hospitals, and thus the
generalizability of the findings to other healthcare systems and settings requires further
research.

This study examined a particular part of the overall innovation ecosystem in healthcare.
The innovation ecosystem encompasses a broader network of organizations, stakeholders
and factors that contribute to the innovation process. For example, it includes collaboration
between industry partners, other academic institutions, regulatory bodies, and individual
users, such as health professionals and patients, who influence or are influenced by the
innovations introduced (Dedehayir et al., 2018; Kapoor & Lee, 2013; Schiavone, 2020). In
this study, the number of all research publications and the average number of research part-
ners were included as control variables to capture the potential role of collaborations with
other relevant partners of university hospitals, such as other hospitals and academic medi-
cal intuitions. The results did not statistically prove that these factors have a significant
impact on university hospitals’ service innovativeness. However, the role of collaboration
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mechanisms with other relevant stakeholders and users on the service innovativeness of
university hospitals should be explored in broader future studies. This can inform not only
the specific outcomes of collaborative research projects between different types of stake-
holders, but also the implications for how to promote the diffusion of service innovations in
the healthcare ecosystem.

Moreover, it is conceivable that further contextual factors may drive the relationship
between UHIC and service innovativeness of university hospitals. In particular, UIC research
often suggests that certain characteristics of the research collaboration itself, such as the
degree of diversification of collaboration areas, may moderate the impact on innovation activ-
ities (e.g., Melnychuk et al., 2021; Wirsich et al., 2016). In this regard, a number of addi-
tional moderation analyses were conducted in this study, such as testing the UHIC diversifi-
cation, measured as the number of different disciplines in university hospitals’ publications
with industry partners based on the “Web of Science Categories”, as a moderator variable
for both service innovativeness measures. The analyses do not confirm any significant mod-
eration effects. However, to further improve the understanding of the complex relationship
between UHIC and service innovativeness of university hospitals, future research should focus
more on the characteristics of research collaborations and their potential impact on innovation
outcomes.

Although numerous studies have demonstrated the impact of service innovativeness on
hospitals’ performance (e.g., Moreira et al., 2017; Zengul et al., 2018), future research should
still investigate the effects of UHIC on different healthcare performance indicators, including
patient satisfaction, cost-effectiveness, and clinical outcomes in university hospitals. Under-
standing how medical service innovations resulting from UHIC translate into improved patient
care and health outcomes can provide crucial insights for healthcare policy and management.
Unfortunately, the underlying dataset does not provide information to assess efforts to improve
care efficiency and patient satisfaction.

In addition, it is important to note that the quantitative approach using bibliometric data
in this study may not fully capture the depth and diversity of research collaborations between
industry partners and university hospitals. This approach may miss valuable information such
as informal interactions and knowledge sharing, discrete mistakes and failures during the col-
laboration. In this regard, complementing the rigorous quantitative analysis of this study with
qualitative research methods, such as interviews and case studies, can provide a deeper under-
standing of the mechanisms and processes underlying successful UHIC, but also how health
professionals and patients can benefit from UHIC and service innovations. This could provide
practice-relevant insights into the expected benefits, as well as the factors that facilitate or hin-
der effective knowledge exchange and innovation between university hospitals and industry.
In doing so, further qualitative research could also help to explore hidden mechanisms and
factors (e.g., openness to change) that mediate the relationship between UHIC and service
innovativeness.

Extending the research to include a cross-country comparative analysis of UHIC in differ-
ent healthcare systems could offer insights into the role of contextual factors in shaping inno-
vation outcomes. Comparing the findings across countries with varying healthcare policies
and structures may reveal best practices and policy implications. Focusing on specific medi-
cal service innovations and their development through UHIC could provide a more targeted
analysis of the impact of such cross-sectoral collaborations on different aspects of healthcare
delivery. For example, exploring the adoption and implementation of telemedicine or digital
health solutions through industry collaborations could be a valuable research direction.
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Appendix

See Tables 3, 4, 5 and 6.

Table 3 Development of research collaborations of German university hospitals and industrial partners
between 2011 and 2019

Year  Per university hospital

Mean number ~ Mean number of publi- Mean number of Mean number of ~ Mean share of

of publications  cations with industry total partners industry partners  industry partners
2011 799.063 62.469 5,290.469 90.219 0.017
2012 853.750 67.219 6,537.094 97.000 0.015
2013 907.219 74.656 7,193.344 124.750 0.017
2014 942.531 87.094 8,100.313 147.594 0.018
2015  1,007.156 97.000 10,013.781 167.750 0.017
2016  1,054.875 113.406 13,296.938 208.625 0.016
2017  1,071.875 118.750 12,865.719 238.500 0.019
2018 1,135.625 136.031 15,223.656 265.219 0.017
2019  1,236.500 148.656 21,959.750 418.375 0.019

Only published scientific journal articles were considered, and only in English language; 32 German uni-
versity hospitals considered

@ Springer
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