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The purpose of this study was first to determine factors associated with

intellectual reputation, specifically among selected biomedical departments worldwide

within the university setting. Second, the study aimed to examine intellectual reputation

in relationship to doctoral graduates’ productivity in the biomedical sciences and in

relationship to organizational biomedical advancement and productivity. Third, the study

aimed to visualize a spatial relationship between intellectual reputation and local

organizational biomedical advancement and productivity in the United States and the

United Kingdom. Finally, a simulated research-based model was proposed for

understanding hospital productivity.
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The study used quantitative analysis in order to achieve these goals. The

Geographic Information System (GIS) and Geocommons were used to visualize possible

relationship between universities and hospitals in different regions. The findings from

this study suggest that the university’s research intensity, having a Nobel Laureate on

staff, Hirsch Index of the most prominent researcher on staff, scientific patent, scientific

publications, and affiliation with multiple countries are good predictors of intellectual

reputation. Correlation analysis suggests that university intellectual reputation is

associated with doctoral graduates’ productivity. When examining the relationship

between the university and hospitals, university intellectual reputation was positively

correlated with hospital biomedical advancement, r= .445, p =0.001. Hospital

productivity was significantly correlated with university intellectual reputation, r= .322,

p =0.001. University intellectual reputation was significantly correlated with hospital

capacity to absorb knowledge (r= 0.211, p =0.005) and knowledge spillover (r=.242,

p =0.001).

Regression analysis reveals that hospital capacity to absorb knowledge and

knowledge spillover are good predictors of hospital biomedical advancement, F (2, 176)

= 52.637, p = 0.001. Hospital capacity to absorb knowledge, affiliation with a university,

intellectual reputation of the affiliated university, and distance between the hospital and

the affiliated university were shown to be good predictors to hospital productivity, F (4,

106) = 11.115, p = 0.001.

Visual examination of the hospitals suggests that when the universities publish at

a large quantity, this tends to influence the hospitals within the area to publish a large



viii

quantity as well. Additionally, hospitals that are more productive tend to cluster around

universities with higher intellectual reputation.



ix

AN EXAMINATION OF BIOMEDICAL INTELLECTUAL REPUTATION IN

RELATIONSHIP TO GRADUATES’ PRODUCTIVITY, REGIONAL INNOVATION

AND ABSORPTIVE CAPACITY AT SELECTED UNIVERSITIES WORLDWIDE

Tables ………. ................................................................................................................... xi

Figures ……….................................................................................................................. xii

Introduction ….....................................................................................................................1
Problem Statement ..................................................................................................3
Purpose of the Study ...............................................................................................3
Research Questions..................................................................................................4
Hypotheses...............................................................................................................5
Significance of the Study .........................................................................................6
Conceptual Framework............................................................................................7
Overview of Research Design ................................................................................8
Limitations ..............................................................................................................8
Delimitations............................................................................................................9
Definitions of Terms ...............................................................................................9
Chapter Summary ..................................................................................................11

Literature Review...............................................................................................................12
Intellectual Reputation ..........................................................................................12
Tacit and Codified Knowledge .............................................................................16
Knowledge Spillover and Collaboration................................................................19
Chapter Summary ..................................................................................................19

Methodology ...................................................................................................................21
Research Study Design… ......................................................................................21
University Sampling Plan … .................................................................................22
Selection of Variables ...........................................................................................25

Predictors of Intellectual Reputation ........................................................25
Predictors of Hospital Biomedical Advancement .....................................26

Sample Selection ...................................................................................................28
University Selection ..................................................................................30
Doctoral Graduate Selection .....................................................................33
Hospital and Biomedical Laboratory Selection .........................................34



x

Data Collection for Each Sample ..........................................................................36
The University .........................................................................................36
The Doctoral Graduate .............................................................................37
The Hospital...............................................................................................39
The Laboratory...........................................................................................41

Data Analysis .......................................................................................................42
Chapter Summary .................................................................................................52

Findings ….........................................................................................................................53
The University .....................................................................................................53
The Doctoral Graduate .........................................................................................58
The Hospital...........................................................................................................61
The Laboratory.......................................................................................................78

Conclusions and Recommendations .................................................................................80
Summary of Findings ............................................................................................81
Discussion ............................................................................................................84
Conclusions............................................................................................................87

Appendices
A IRB Approval Letter .................................................................................89
B U.S. Poverty Level for 2010 .....................................................................92
C U.S. Population Estimates for 2010...........................................................94
D U.S. AHA Registered Hospitals 2010 .......................................................96
E Map of 5000 U.S. Hospitals by Admission 2010 .....................................98

References ….. .................................................................................................................100



xi

TABLES

Table 1. Means and Standard Deviations for University Variables.........................54

Table 2. Correlation Matrix of University Selected Variables ................................57

Table 3. Regression Results for University Intellectual Reputation........................58

Table 4. Means and Standard Deviations for Doctoral Graduates Variables .........59

Table 5. Correlation Matrix for Doctoral Graduates Variables ..............................61

Table 6. Means and Standard Deviations of Hospital Variables ............................63

Table 7. Means and Standard Deviations of Hospital Calculated Variables ...........64

Table 8. Correlation for Hospital Variables with University Intellectual Reputation

and University Influence Factor ................................................................65

Table 9. Correlation for Hospital Calculated Variables...........................................66



xii

FIGURES

Figure 1. Research and Methodology Steps ..............................................................22

Figure 2. Map of Average U.S. University Intellectual Reputation by State............51

Figure 3. Structural Shape of the Distributions of Publications vs. Publications

2005-2010 and Hirsch Index of Most Prominent Researchers vs. Number

of Affiliated Countries ...............................................................................55

Figure 4. Scatter Plots of Simulated Results .............................................................69

Figure 5. Scatter Plots of Observed and Simulated Hospital Cases..........................71

Figure 6. Probability Density of Simulated Hospital Cases ......................................73

Figure 7. Map of the United States by University and Hospital Publications...........74

Figure 8. Map of U.S. Hospital Productivity and University Intellectual Reputation

by State.......................................................................................................77

Figure 9. Map of UK Hospital Biomedical Advancement and University Intellectual

Reputation ..................................................................................................78



1

1. INTRODUCTION

Universities are multifaceted and complex systems. They are intellectual

powerhouses (Getz, 2005) and contribute tremendously to the economy. Additionally,

universities are “a reputation-driven industry” (Aula & Tienari, 2011; Marginson, 2009;

Mcquade & Butos, 2003). Therefore, many of the university’s activities are directly

related to creating and maintaining its intellectual reputation. Universities have also been

frequently associated with economic development (Feldman & Desrochers, 2003). In

addition to contributing to the provision of knowledge and skilled workers (Rosenberg &

Nelson, 1994), universities play a key role in innovative changes (Feldman &

Desrochers, 2003). Similarly, Davies (2008) addresses the idea that universities often

promote a region’s economic development through the provision of new employment for

locals and a new market for businesses in the area. Along the same lines, Davies (2008)

places importance on the role of the university in what he calls an effective local

innovation system. According to Doloreux (2003), an effective local innovation system is

“a set of interacting private and public interests, formal institutions and other

organizations, that function according to organizational and institutional arrangements

and relationships conductive to the generation, use and dissemination of knowledge”

(p.70). Biomedical departments, in particular, are often the producers of large amounts
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of intellectual property as well as research, generating large research grants and the

ownership of technology transfer. The means through which the university accomplishes

such goals are of particular interest to researchers as the university appears to play a

critical role in organizational and regional development at different levels.

Linton, Tierney, and Walsh (2011) point out that “universities have the role of

creating, storing, and disseminating knowledge” (p. 244). Creation of knowledge appears

to be deeply rooted in research, which is often practiced by the university. Thus,

universities have made research a strategic part of their planning in order to survive in

and contribute to the global marketplace (Linton et al., 2011). According to Linton et al.

(2011), emphasis is placed on reputation building in order to attract the best faculty,

students, and staff. The higher the intellectual reputation of the university, the more it

will be able to attract highly qualified faculty with innovative ideas as well as attract

funding; including philanthropy. More importantly, the intellectual reputation of the

university has been found to be correlated with student learning (Getz, 2005). Such

human and fiscal resources position the university to be better able to challenge students,

and leave them better equipped to contribute to society and to compete with their

counterparts in a worldwide economy. Each college within the university helps the

institution to achieve these goals, though some colleges such as engineering, business,

and science contribute more directly to the intellectual reputation building of the

university than others (Keith & Babchuk, 1998). Moses and Martin (2011) even went on

to suggest that biomedical research has become the main source to produce new drugs

and medical devices worldwide, which has tremendously helped the human population to
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improve and maintain its health. In this sense, the biomedical department not only plays

an important role at the university level, but it also has a global contribution.

Problem Statement

Intellectual reputation in universities and its role in interorganizational

relationships has not been well studied as evidenced in the literature. Information relating

to the relevance of intellectual reputation to student learning and productivity is also

largely unexplored.  Further, although various studies indicate intellectual reputation is

influenced by activities such as research involvement and publication, many universities

involved in these activities have not attained distinguished intellectual reputation as

perceived by the public or international ranking systems. An understanding of the

relationship amongst these activities is also lacking. Additionally, although studies have

indicated that intellectual reputation plays a role in organizational relations, there is a lack

of research conducted that explores a possible relationship with student productivity or

local advancement. These important elements of intellectual reputation, widely

unexplored, are the main focus of this study. Intellectual reputation, for purposes of this

study, is based primarily on the university’s rank within the selected international ranking

systems.

Purpose of the Study

The overarching purpose of this study is to contribute to the existing body of

knowledge pertaining to university intellectual reputation worldwide. This study includes

four purposes; first, the researcher will attempt to determine factors associated with

promoting intellectual reputation, specifically among selected biomedical departments

worldwide within the university setting. Second, the researcher will examine the
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intellectual reputation of the selected universities in relationship to doctoral graduates’

productivity in the biomedical sciences. Third, the study aims to examine the relationship

between the university and the hospitals and biomedical laboratories in the area; more

specifically, to determine if any relationship exists between university intellectual

reputation and organizational productivity and biomedical advancement in the local area.

Fourth, the researcher seeks to examine the activities of the selected hospitals and their

capacity to absorb knowledge to determine if there was any relationship between the

activities within the hospitals and biomedical advancement and productivity.  A proposed

simulated research-based framework/model will be developed that can be used to find the

predictors of biomedical advancement of a geographical region strictly based on the

activities of the local hospitals. A simulated model will also be proposed for the

prediction of the university’s influence on local hospitals’ productivity.

Research Questions

The research questions for this study are as follows:

1. What activities within biomedical departments worldwide are predictors of

intellectual reputation?

2. What is the relationship between the intellectual reputation of the university

and its doctoral graduates’ productivity worldwide?

3. What is the relationship between the intellectual reputation of the university

and local organizational biomedical advancement and productivity

internationally?

4. Can a graphic illustration of a predictive relationship between intellectual

reputation and local organizational biomedical advancement and productivity
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in the United States and United Kingdom be visualized using the Geographic

Information System?

5. What are the predictors of a geographical area’s organizational biomedical

advancement and productivity?

Hypotheses

The hypotheses are as follows:

1. H1o: Extensiveness of research activity, scientific publications,

collaboration/affiliation, number of affiliated countries, patent ownership, Hirsch

Index of the most prominent researcher, and Nobel laureate/renown awardees on

staff at the biomedical department level are not good predictors of university

intellectual reputation.

H1a: Extensiveness of research activity, scientific publications,

collaboration/affiliation, number of affiliated countries, patent ownership, Hirsch

Index of the most prominent researcher, and Nobel laureate/renown awardees on

staff at the biomedical department level are good predictors of university

intellectual reputation.

2. H2o: The intellectual reputation of the university is not associated with its post-

doctoral graduates’ productivity.

H2a: The intellectual reputation of the university is associated with its post-

doctoral graduates’ productivity.

3. H3o: The intellectual reputation of the university is not associated with local

organizational biomedical advancement and productivity.
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H3a: The intellectual reputation of the university is associated with local

organizational biomedical advancement and productivity.

4. H4o: Hospitals with higher productivity are more random and dispersed around

universities of different ranks within the United States and the United Kingdom.

H4a: Hospitals with higher productivity are clustered around universities with

higher intellectual reputation within the United States and the United Kingdom.

5. H5 0: Hospital capacity to absorb knowledge, university influence, university

intellectual reputation, and intensity of knowledge spillovers are not contributors

to hospital biomedical advancement and hospital productivity.

H5 a: Hospital capacity to absorb knowledge, university influence, university

intellectual reputation, and intensity of knowledge spillovers are contributors to

hospital biomedical advancement and hospital productivity.

Significance of the Study

Universities use various strategic approaches to increase their intellectual

reputation and spend additional dollars to increase their visibility (Lee & Park, 2012).

They also contribute to local economic development through various research innovation

and advancement. There has been a lack of research in the examination of intellectual

reputation and its association with student productivity and local organizational

biomedical advancement and productivity. As such, this study will contribute to the

existing body of the related literature. Intellectual reputation is proposed as a key strategy

that contributes to post-doctoral research output and productivity. In addition, the

framework emanating from this study can be used by institutions and firms to form

strategies that can facilitate innovative changes. It will also provide leaders in higher
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education institutions with a greater understanding of the significance of intellectual

reputation, and current investment strategies being employed.

Conceptual Framework

Resource Dependency Theory and Structuration Theory served as the conceptual

framework for this study. According to Pfeffer and Salancik (2003), organizations are

involved in networks of dependencies and relations where the influence of external

factors can constrain the organization. Pfeffer and Salancik (2003) go on to identify

possession, such as knowledge, to be a source of control and power. More specifically,

resource dependency theory deals with the ability to access resources from different

sources, and thus exert influence.

Structuration Theory addresses organizational relationships and actions (Giddens,

1984). Structures are indicative of resources available to agents within an institution.

Resources and structures can serve to either limit or expand actions and interactions. The

involved agents then reproduce the conditions that make these actions and interactions

possible.

In structuration theory, structure can be seen as “a property of social systems…

[and] embedded in time and space” (Giddens, 1984, p.170).  Bolman and Deal (2005)

also use a structural frame, similar in many respects to structuration theory to explain

organizational activities and relations.  Along these lines, Bolman and Deal (2005)

contend that “structure is a blueprint for formal expectations and exchanges among

internal players and external constituencies” (p.46). Garner (2006) used structuration

theory to conceptualize resource dependencies in his study of interorganizational power

and influence relationships at the National Aeronautics and Space Administration
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(NASA). In his study, Garner (2006) demonstrates how NASA is involved in a complex

network of interorganizational relationships, which has affected its activities and

outcomes. These networks, Garner (2006) proposes, in light of structuration theory and

resource dependency theory, can be problematic for organizational advancement. The

organization may be involved in highly routinized actions and interactions which may

inhibit learning from an incident. In the same context, in relation to the current study,

resource dependency theory and structuration theory may reveal how universities are

involved in interorganizational relationships and their dependency on or power over

resources to accomplish institutional tasks that involve the creation, storage, and

dissemination of knowledge.

Overview of Research Design

This study is ex post facto in nature and involves gathering information about

activities pertaining to intellectual reputation within the university system. The results

reflect the observations that come from differences in institutional activities as recorded

in the selected databases and as reported by the university, the hospital, and the

biomedical laboratory.

Limitations

This study is limited to biomedical departments in selected universities of

different ranks, based on the ranking methodology of the Times Higher Education (THE)

and the Academic Ranking of World Universities (ARWU) from 2005-2010. Another

limitation of this study is its use of THE and the ARWU rankings to determine

universities that have attained intellectual reputation based on their ranks on these

databases. Additionally, this study was limited by examining the productivity of the
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graduate students only five years after graduation, which did not allow the researcher to

observe the productivity of these students over a longer period of time. This study was

also limited by the reported data in the databases used to collect information on the study

subjects, thus results and/or conclusions may not be generalizable to the larger

population.

Delimitations

This study is delimited by a concentration on only the activities of the biomedical

department, which is generally resource rich and closely related to the institution’s

intellectual reputation.

Definition of Terms

Absorptive capacity has been defined as "a firm's ability to recognize the value of new

information, assimilate it, and apply it to commercial ends" (Cohen & Levinthal, 1989, p.

569). In this study, institutional absorptive capacity was measured through the hospital’s

number of beds, number of computer programmers, number of published authors, and

asset value.

Biomedical relates to the activities and applications of science to clinical medicine, as

well as the application of the principles of the natural sciences, especially biology and

physiology, to clinical medicine.

Biomedical Innovation is defined as the process involving the creation and application

of scientific and technological knowledge to improve the delivery of human healthcare

and the treatment of disease (Swan et al., 2007).

Biomedical Advancement means biomedical development observable directly through

the community’s hospitals. Biomedical advancement in this study is not to be confused
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with community engagement, which as defined by the Carnegie classification, is the

collaboration between institutions of higher education and their larger communities

(local, state, national, global). Although different, the effect of such engagement on local

advancement will be explored as well in this study.

Hirsch Index refers to a calculated index in an attempt to measure a scholar’s

productivity and the impact of his published papers. The Hirsch Index is calculated based

on a scholar’s cited papers and the number of citations.

Intellectual Assets refer to a number of distinct types of creations of the mind, that result

from human creativity, ingenuity, and inventiveness for which a set of exclusive rights

are recognized—and the corresponding fields of law. Common types of intellectual

property include copyrights, trademarks, patents, and industrial design rights.

Intellectual Reputation is the level of respect at which one or an organization is

regarded by others in respect to what is presumed to be its intellectuality. This, of course,

is observed in the amount of publication generated, patents earned, and students

graduating and performing well. For purpose of this study, intellectual reputation is based

on ranks from two international ranking systems; the Academic Ranking of World

Universities (ARWU) and the Times Higher Education (THE).

Knowledge Spillover is the exchange of new knowledge which has been made

accessible publicly. This shared knowledge is said to be non-rival and benefits the firm or

the individual who acquires it. For purpose of this study, knowledge spillover is

measured through the reported number of medical residents within the hospital for the

selected year as well as through the number of affiliated programs.
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Research Extensive Universities or RU/VH-Research University/ Very High

indicates research universities with very high research activities.

RU/H-Research University/ High indicates research universities with high research

activities.

Chapter Summary

This chapter covers intellectual reputation as well as the university as a

constituent involved in complex networks of relationships between firms locally, at the

state level, nationally, and internationally. The role of the university is complex, and the

university can be responsible for many advantages in today’s global economy.
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2. LITERATURE REVIEW

Intellectual Reputation

According to Burris (2004), intellectual reputation or prestige is defined within

groups, i.e., created by the constructs built by the individuals who are involved. Along

these same lines, Wartick (2002) contends that reputation includes the aggregation of the

stakeholders’ perception of that reputation. Burris (2004) goes on to note that “the

understanding of academic prestige and its impact on academic careers interpret the

rankings of departments as resting on the scholarly accomplishments of the faculty

employed and the graduates trained by those departments” (p. 240).

Keith and Babchuk (1998) further note that departmental reputation is represented

by two different typologies. The first typology suggests that reputation is based on merit

whereas the second one proposes that reputation is a consequence of repetition of the

same reputation. The latter simply suggests that reputation builds on prior reputation.

Conard and Conard (2000) go on to point out that the intellectual reputation of a

university plays a significant role in its positioning. The intellectual reputation of a

university in particular, contributes to the intellectual reputation of the departments

within the university, such that highly reputable departments within a reputable university

have been found to gain twice as much intellectual reputation as the same department in a

low ranked university (Burris, 2004; Sodano & Tracey, 2008).
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Building on the idea that academic reputation relies heavily on past reputation as

well as scholarship, Keith and Babchuk (1998) note that research shows there is a

relationship between departmental reputation and academic productivity generated by its

faculty. Others note that it is arguable as to whether the university relies on its publication

record to maintain its intellectual reputation or other factors, such as graduates’

positioning. Bruce (1998) maintains that student graduation and academic activities such

as research, impact university reputation. Consistent with Bruce (1998) and Keith and

Babchuk (1998), Heveron (1987) states that, “when graduate students are top-notch, they

perform research of the highest quality and are consequently well placed upon

commencement” (p. 188). Student productivity is not only critical to the economy, but

has also been found to contribute to organizational efficiency (Jorgenson & Fraumeni,

1992). Because student productivity is interlinked with knowledge, access to resources,

and intellectuality, when intellectual reputation is present, the organization tends to

experience tremendous benefits which can, in turn, lead to organizational efficiency and

success.

A number of research extensive universities in the United States are highly

recognized in terms of their intellectual reputation worldwide. These institutions typically

are older, and have a large amount of endowment to support their research. They have

also maintained academic activities such as Research & Development, human capital

investment, and software and patents which have greatly contributed to their intellectual

reputation. Intellectual assets (IA), defined as “those knowledge-based items an

organization owns which have the capacity to produce a future stream of benefits for the

organization” (Huggins & Weir, 2007, p. 708), as an important academic activity, have
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found popularity in most academic departments and are highly favored by research

extensive universities as well as those aspiring to that status. Pike, Fernstro¨m, and Roos

(2005) describe the strategic use of an institution’s intellectual assets such as Research

and Development (R&D) and patents as “value creation”. Further, how knowledge is

created, disseminated, retained and used for economic value have become subjects of

great consideration in the economy. Patents, for instance, have been a commonly known

indicator of intellectual capital (Powell & Snellman, 2004). Research universities are said

to have been the main contributors to the growth in patenting in the United States and

seem to reflect the newest scientific discoveries (Powell & Snellman, 2004).

In 2008, Bismuth and Tojo reported that:

Investments in intellectual assets in the Organizations for Economic Co-

operation and Development area, measured by investments in knowledge

(i.e. R&D, education, and software), are growing at a pace exceeding

those in machinery and equipment between 1994 and 2002. They averaged

more than 5% of the Gross Domestic Product (GDP), rivaling those in

gross fixed capital formation in some countries. (p. 229)

Intellectual assets such as R&D, investment in human capital and software highly

contribute to the economic growth of a country (Bismuth and Tojo, 2008; Organization

for Economic Co-operation and Development, 2007). Prusak (1998) and Kannan and

Aulbur (2004) maintain that when intellectual resources are “formalized, captured and

leveraged” (p. 389) to produce higher value resources, they become intellectual capital.

Such intellectual assets contribute to the organization’s ability to maintain competitive

advantage.
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Bismuth and Tojo (2008) note that intellectual assets such as brand, reputation,

trademarks, software, research and development, patents, staff skills, although hard to

measure, are of increasing importance in a globalized world. The industrial structures of

the developed countries such as the United States and Canada are going through an

economic shift. It is understood that the industrial structures of these countries are

becoming more knowledge-based with more competitive advantages given to innovations

and ideas (Gera & Mang, 1998), as opposed to being more technical-based. Powell and

Snellman (2004) define the knowledge economy as a “production and services based on

knowledge-intensive activities that contribute to an accelerated pace of technological and

scientific advance” (p. 201). It is for these reasons that intellectual assets are crucial not

only to the university but also to the economy. In this regard, the university, in addition to

being a knowledge powerhouse, can also be thought of as a business constituent.

The literature is scarce in terms of addressing the issue of local advancement in

relation to the university and intellectual reputation. It has been found however, that

having intellectual reputation can mean the difference between the ability versus a

lessened ability to engage in research and development, having access to and availability

of funding, innovative creations, and publication proliferation. Therefore organizations

have power based on the access and availability of resources they can generate as a result

of their social positioning (Pfeffer & Salancik, 2003). Interdependencies also affect

power dynamics within the organization such that entities within the organizations will

also have position power, oftentimes simply because of their place within the

organization.
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Tacit and Codified Knowledge

The university has the ability to create knowledge through research, and to store

knowledge through technology transfer and publication, as well as the ability to

disseminate knowledge in tacit or codified forms. Chatterton and Goddard (2003) suggest

that “regionally engaged universities can become a key locational asset and powerhouse

for economic development” (p. 19). The issue put forth by researchers is that if the

university seems to play such an important role in the economy, then its ability to

disseminate knowledge must be taken into greater consideration. Knowledge, from an

economic and social perspective is viewed as either tacit or codified (Davies, 2008).

Nonaka and Takeuchi (1995) defined tacit knowledge as that which occurs informally

through face-to-face interactions, which usually accounts for the social term ‘knowledge

spillover’. This type of knowledge, according to the authors, is experiential and cognitive,

and involves context-specific details which can only be understood by individuals who

share similar qualification. Adding to this view, Cohen and Levinthal (1989), proposed

that knowledge spillover involves “any original, valuable knowledge generated in the

research process which becomes publicly accessible, whether it be knowledge fully

characterizing an innovation, or knowledge of a more intermediate nature” (p. 571).

Codified knowledge, however, occurs formally, and at the university level it can be seen

in published journal articles, books, and other media.

Fritsch and Franke (2004) and Malmberg and Power (2005) address the idea that

knowledge spillover plays an important role on innovation processes and the

development of the economy. The authors also believe that this type of knowledge calls

for spatial proximity; where the source of knowledge has to be in proximity to the
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receiving firm. According to Davies (2008), knowledge spillovers from the university to

the industry are one of the main conduits of innovation. Similarly, Cassia and Colombelli

(2008) argue that “knowledge from universities flows in the economic system and

generates new market opportunities for companies” (p. 456). More specifically as

knowledge spillovers are often geographically localized, they are believed to play an

important role in the development of a region’s economy. Feldman and Desrochers

(2003) go on to point out that university knowledge spillovers can be localized but can

also be affected by geographical boundaries and that the transmission of this knowledge

within one geographical region can be affected by numerous factors including university-

industry cooperative affiliation, the history, and the mission and goals of the higher

education institution. Concurrent with Cassia and Colombelli (2008) and McCann and

Simonen (2005), a study by Fischer and Varga (2003) validate knowledge spillovers as

emanating geographically from the university. Fischer and Varga (2003) found evidence

suggesting a “distance decay pattern” (p. 315) of knowledge spillover which is also

consistent with previous studies. Along the same line, Cassia and Colombelli (2008)

suggest that there are specific characteristics within a region that serve to enhance the

economic advancement of organizations. Cassia and Colombelli (2008) also argue that:

The local environment may directly impact and facilitate the generation of

those factors determining firms’ growth, in particular through institutional

organizations such as the universities. The habitat in which firms operate

exerts a direct influence on their activity and, more in general, on the

economic development. (p. 455)
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Knowledge spillovers can be mediated through either local labor mobility or face-

to-face contact (McCann & Simonen, 2005). Similar to this view, Breschi, Lissoni, and

Montobbio (2005) suggest that two mechanisms are involved in knowledge spillover.

One channel involves employees moving from one place of employment to another, such

as when individuals move between academia and the industry. Industry employees may

also participate in courses offered by the local university, or they may move from an

industry position to the academia (Davies, 2008). These individuals can form social

networks or informal links, where exchange of knowledge takes place. The other channel

tends to occur formally between organizations located in proximity to each other.

Corresponding to the views mentioned above and more importantly, Fischer and

Varga (2003) argue that:

There are numerous channels through which knowledge might spread to

firms. It may seep into the public domain in publications or public

presentations of various types (university seminars, academic conferences

etc.). It may travel with graduates who take a job at a firm or start their

own. It may also be uncovered through reverse engineering and other

purposive search processes. The extent to which knowledge flows through

these different channels depends upon the capability of the recipient

(especially, his/her absorptive capacity), the nature of the knowledge itself

(for example, whether it is tacit or codified), and other factors that bring

academic and industry sector researchers together… Thus, the creation of

knowledge is a process that is essentially localized. (p. 304)
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Knowledge Spillover and Collaboration

According to de Faria, Lima, and Santos (2010), knowledge spillover is more

effective for innovation when the firm improves its internal capacity to absorb

knowledge. That is, organizations are better able to access and implement more

knowledge when they have higher absorptive capacity. de Faria et al. (2010) argue that

“firms with a higher internal technological capacity are likely to be better at absorbing

incoming spillovers” (p. 1087). The authors go on to suggest that cooperation is a means

through which organizations or institutions can improve their absorptive capacity, which

inherently is done through the sharing of resources. As such, organizations that cooperate

with one another “are involved in denser knowledge flows than are non-allied firms” (de

Faria et al., 2010, p. 1082).With this view, many organizations tend to establish

relationships with other organizations in order to achieve market strength or to exploit

new opportunities (de Faria et al., 2010). For instance, as mentioned by Swan et al.

(2007), Murray (2002) suggests that for scientific discoveries to transfer into new

medical treatments, technological and scientific networks have to exist at the institutional

level. In fact, connections to scientific networks are necessary as they provide channels

through which intellectual capital are developed (Swan et al., 2007).

Chapter Summary

In sum, the literature shows that organizations depend on resources as well as

structures to attain intellectual reputation. Both resources and structures can either

facilitate or constrain the organization’s ability to carry out certain activities, which in

turn contribute to their positioning in the global marketplace. Further, as seen in the

studies mentioned, inter-organizational networks are complex, therefore difficult to
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analyze without zooming in and deeply analyzing the different parts of the networks; but

it is the functional components within these networks that benefit what Swan et al. (2007)

call the ‘innovation ecosystems’.
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3. METHODOLOGY

Research Study Design

This study was designed to determine factors associated with promoting

intellectual reputation, specifically among selected biomedical departments worldwide

within the university setting. Second, the study aimed to determine if a relationship exists

between the intellectual reputation of the selected universities and doctoral graduates’

productivity in the biomedical sciences. Third, the study aimed to examine the

relationship between the university and the hospitals and biomedical laboratories in the

area; more specifically, to determine if any relationship exists between university

intellectual reputation and organizational productivity and biomedical advancement in the

local area. Fourth, the researcher sought to examine the activities of the selected hospitals

and their capacity to absorb knowledge to determine if there was any relationship

between the activities within the hospitals and biomedical advancement and productivity.

A quantitative research design was used to achieve these goals. Further, the Geographic

Information System (GIS) and Geocommons were used to visualize possible relationships

related to intellectual reputation between the selected universities and hospitals located in

different regions of the United States and United Kingdom. Figure 1 below depicts the

five steps built into this research methodology.
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Figure 1

Research and Methodology Steps

University Sampling Plan

The Carnegie Classification System (Carnegie Foundation, 2011) was used to

classify the types of higher education institutions in the United States selected for

purpose of this study. In addition, the researcher used the Times Higher Education (THE)

and the Academic Ranking of World Universities (ARWU) international ranking systems

to select universities worldwide for purpose of the study.

The Carnegie Classification is a well known structure used for describing the

diversity of higher education in the United States (Carnegie Foundation, 2011). The
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Carnegie Classification system was updated in 2010 using the most recent national data

available on colleges and universities in the United States. According to the Carnegie

Foundation (2011), U.S. universities are categorized as either RU/VH (Research

Universities, Very High Research Activity), RU/H (Research Universities, High Research

Activity), or DRU (Doctoral/Research Universities); the classification of Research

Extensive, Research Intensive, and Research Universities are terms also used to describe

universities in the United States respectively. For purpose of this study, research

extensive universities will be used interchangeably with Research Universities, Very

High Research Activity (RU/VH). The Carnegie classification is used to classify only

U.S. universities in this study.

Many ranking systems have been developed over the years by different

stakeholders in order to assess the quality of institutions of higher education (Linton et

al., 2011). Although rankings may vary at different levels and can be controversial, they

are deemed to be essential, independent of their accuracy. They allow the public, outside

stakeholders, other organizations, and the institution of higher education itself, to

evaluate higher education institutional quality and effectiveness. According to Linton et

al. (2011), the most well-known international ranking systems are Academic Ranking of

World Universities (ARWU), Quacquarelli Symonds Limited Ranking of World

Universities (QS), Webometrics Ranking of World Universities (WR), and Higher

Education Evaluation and Accreditation Council of Taiwan (HEEACT). Another

prominent international ranking system is the Times Higher Education (THE) World

University Rankings. For purpose of this study, since the five international ranking

systems mentioned seem to yield similar results, THE and ARWU were selected to be
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used together to select 30 universities worldwide which are considered to have attained

intellectual reputation based on their  persistent high ranks on the THE and the ARWU

between 2005-2010. Sixty additional universities were selected for comparison, based on

their lower ranks on the THE and the ARWU between 2005-2010.

The ARWU was first published in June 2003 by the Center for World-Class

Universities and the Institute of Higher Education of Shanghai Jiao Tong University,

China. This system is updated annually and for the years selected for this study, it used

six objective indicators to rank world universities, including 1) number of alumni and

staff winning Nobel Prizes and Fields Medals, 2) number of highly cited researchers

selected by Thomson Scientific, 3) number of articles published in journals of Nature and

Science, 4) number of articles indexed in Science Citation Index, and 5) per capita

performance with respect to the size of the institution (Academic Ranking of World

Universities, 2011).

For the years selected for this study, The Times Higher Education (THE) rankings

were developed using universities across the world and employed thirteen separate

performance indicators designed to capture the full range of university activities. These

thirteen elements were brought together into five categories, which are the following: (a)

teaching, which accounted for 30% of the overall ranking score, (b) research, (c)

citations, (d) industry income, and (e) international mix (The Times Higher Education,

2011).
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Selection of Variables

Predictors of intellectual reputation. The literature reveals that there are certain

factors that have been persistent in shaping intellectual reputation, whether formally or

informally. According to Linton et al. (2011), the quantity of research plays a role in the

ranking of a university. Other studies (Keith & Babchuk, 1998) indicate that publication,

in general, has been found to be associated with the social positioning of a university.

Since research activities can lead to patenting, meaning there is empirical evidence that

shows an association between the two, this research study examined patenting in terms of

its association with intellectual reputation. Along the same line, collaboration,

partnership, and affiliation, are also viewed as playing a role in university rankings. In

addition, numerous studies (Keith & Babchuk, 1998; Linton et al., 2011; McQuade &

Butos, 2003) suggest that renowned faculty on staff who are highly prolific seem to

contribute to university attainment of intellectual reputation. Evidence in the literature

suggests that these five factors are inextricably linked. For purpose of this study the

researcher examined these variables (research activity, publication rate, patenting,

collaboration-partnership-affiliation, Hirsch Index of the most prominent researchers on

staff, renowned scientists on staff, and number of affiliated countries) as possible

predictors to intellectual reputation.

Intellectual reputation of a university, for purpose of this study was based on the

university’s rank on the ARWU and the THE. Research Universities that attained ranks

between 1-50 on the ARW and the THE from 2005-2010 were suggested to have had

attained higher intellectual reputation; those that attained ranks between 51-300 were

considered to be in the medium rank; and universities that attained ranks between 301



26

and higher or which were not mentioned at all in the two ranking systems were placed in

the lower ranked group.

The predictor variables of intellectual reputation were measured from data

gathered from SciVerse Scopus for each biomedical department within the selected

universities. Data for research activity, publication, patenting, affiliation/collaboration,

number of affiliated countries, and Hirsch index of the most prominent researcher on staff

were obtained manually from SciVerse Scopus based on the data collection procedures as

put forth by Linton et al. (2011). Ever having a renowned scientist or Nobel Laureate on

staff was obtained from the Nobel Prize official website. The scores or values yielded by

SciVerse Scopus for each variable were recorded and were associated with each

university selected for this study.

Predictors of hospital biomedical advancement. With regard to the biomedical

advancement of a region, de Faria et al. (2010) contend that an organization’s capacity to

absorb knowledge plays a large role in terms of whether it is innovative or not. De Faria

et al. (2010) go on to suggest that when firms cooperate, they tend to have higher

Research & Development intensity and perform higher than their counterparts because

they are able to share resources. This prompted the researcher to examine hospitals’ 1)

scientific publication, 2) contribution to medical-related conferences, 3) capacity to

absorb knowledge, 4) partnership, collaboration, or affiliation with other biomedical

firms or institutions, and 5) intensity of knowledge spillover as possible variables that

could play a role in organizational biomedical advancement. And for

biomedical/pharmaceutical laboratories, their publication and affiliation with other

institutions were considered.
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For purpose of this study, organizational biomedical advancement of the

community means biomedical advancement observable directly through hospitals’

productivity. Thus biomedical advancement was calculated using the average impact

factor (IF) of the top three journals in which the hospital published the most and the

square root of the total number of scientific publications generated by the hospital (TP)

divided by 35 years (the average years the hospitals selected for this study have been

publishing). Hospital productivity, which was also looked at in conjunction with

biomedical advancement, was measured by the hospital’s Return on Equity (ROE) for the

year 2010 times 100 plus the average impact factor (IF) of the top three journals in which

the hospital published the most, plus the square root of the total number of publications

generated by the hospital (TP) divided by 35 years. The square root of the total number of

publications divided by 35 is used in this case in order for the digit value of publications

to match the digit value of the other variables within the equation.

Impact factors for the top three journals in which the hospitals published in the

most were obtained from Thompson Reuter’s Journal Citation Reports, which evaluates

journals worldwide based on the journals’ citation data.  The calculated average impact

factor for the three journals was included in the equation for organizational biomedical

advancement.  In regards to hospital publication, 35 years was used as this figure

represents the average reported number of years the hospitals included in this study have

been publishing medical related scholarly work. Hospital biomedical advancement was

therefore measured by,
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Biomedical Advancement =
( )

+

Hospital productivity is measured by,

Hospital Productivity= ROE (100) +
( )

+

Where the hospital’s ROE for 2010 was calculated by obtaining the hospital’s Net

Income for the year 2010 divided by the hospital’s Equity (Net Asset) for 2010, such that,

ROE= ÷
Where,

Net Income 2010 = Total Revenue in 2010 – Total Expenses in 2010

and

Net Asset 2010= Total Assets in 2010 – Total Liability in 2010

Sample Selection

The following sections will address the selection process and data collection

procedures for the four particular entities that concern this study: The University, its

students, the hospital, and the laboratory. The methods of data collection consisted of

gathering data from multiple sources. More specifically to search for scientific

publications, citations, as well as to determine the extensiveness of research activity,

scientific patent ownership, collaborative affiliations, Hirsch index of the most prominent
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faculty the researcher used the SciVerse Scopus database. SciVerse Scopus is described

as the largest abstract and citation database containing peer-reviewed articles. This

database also includes support tools for research including links to full-text articles and

other library resources, journals’ impact factor, authors’ identifier to match published

research, including Hirsch index, citation tracker, and affiliation identifier, which

matches organizations with their research output.  Additionally, the official website of the

Nobel Prize was used to find out if a university ever had a Nobel laureate on staff.

SciVerse Scopus was mainly used in this study to collect data related to the selected

universities, doctoral graduates, hospitals, and biomedical laboratories. The Healthcare

Information and Management System Society (HIMSS) database, which is published by

the Dorenfest Institute for Health Information Technology and HIMSS Analytics, was

used to collect Information Technology (IT) related data on U.S. hospitals only. The

HIMSS has been collecting data on U.S. and Canadian health facilities since 1996. For

the year selected for this study, 2010, the HIMSS database contained data on more than

5000 U.S. hospitals and other health care facilities.

Tax information for non-profit hospitals within the United States was obtained

from Guide Star, which is an organization that collects information on IRS-registered

non-profit organizations. Grant Space, a service of the Foundation Center, which is a

source of information about philanthropy worldwide, was also used to download tax

information forms on non-profit hospitals included in this study. The American Hospital

Directory and FREIDA, a utility of the American Medical Association which contains

data on American medical education programs were also used to collect data on U.S.

hospitals.
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University selection. The thirty higher ranked universities were selected based on

their persistent ranking between 2005-2010 within the top 50 ranked institutions on the

THE and the ARWU. These universities included Harvard University, Massachusetts

Institute of Technology (MIT), Stanford University, University of Cambridge, Oxford

University, University of California Berkeley, Princeton University, Columbia

University, University of Chicago, Yale University, Cornell University, University of

Pennsylvania, University of Washington, University of Wisconsin-Madison, Johns

Hopkins University, The University of Tokyo, University College London, University of

Michigan- Ann Arbor, Swiss Federal Institute of Technology Zurich, Northwestern

University, University of California Los Angeles, University of Toronto, Duke

University, University of Colorado at Boulder, University of British Columbia, Imperial

College London,  California Institute of Technology,  The University of Manchester,

Kyoto University, and  New York University.

For purpose of this study all thirty universities mentioned above were selected

based on their ranks among the top 50 on the ARWU and the THE from 2005- 2010.

Twenty selected U.S. universities, in particular, were found to be part of the 108 U.S.

universities classified in the Carnegie Classification as RU/VH or research extensive. For

purpose of this study, it was therefore assumed that the remaining 10 universities from

the U.K., Canada, Japan, and Switzerland would have similar classification as those

within the United States since for the years selected, the ARWU and the THE considered

the university’s research volume as one of the most important weight for scoring.

The 30 selected higher ranked research extensive universities (RU/VH) were

placed in the higher ranked group. Thirty additional universities were selected
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internationally and were part of the medium ranked group; the last 30 selected

universities were part of the lower ranked group. Thus, the selected universities were

separated into three groups: high, medium, and low. For purpose of this study, the cut off

ranges for higher, medium, and lower intellectual reputation were based on the grouping

of ARWU alone, since this system ranked 500 universities as opposed to THE which

ranked only the top 200 universities for the years of interest. ARWU places the

universities in the following categories, 1-100, 101- 150, 151-200, 201-300, 301- 400,

401-500.

A frequency distribution was created for the number of universities that were

selected from these groups in order to yield the high, medium, and low ranks. Higher

intellectual reputation was categorized for universities that attained a rank of 50 or higher

between 2005-2010 on the ARWU and/or the THE; the medium are those universities

that attained ranks between 51-300; and the lower ranked universities are those that

attained ranks of 301 or higher or were not mentioned at all in these two ranking systems.

The higher ranked group was made narrower (1- 50) in order to have more homogeneity

in that group. Another inclusion criteria for each university was that it must have a

graduate program related to biology, biomedical sciences, medical sciences,

biotechnology, or bioengineering. It is important to note that although the universities

were placed or broken down into three different groups (high, medium, and low) based

on university rank, when analyzed, intellectual reputation, which is based on rank, was

left as a continuous variable. The separation of universities into three different groups

was employed only to facilitate the selection process of universities, students, hospitals

and biomedical/pharmaceutical laboratories.
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The medium and lower ranked universities were selected on a match by country

case basis where a medium and a lower ranked university were selected based on their

country and location relative to a higher ranked research extensive university.  In other

words, one medium and one lower ranked university were selected for each high ranked

research extensive university of the same country. But, the medium and lower ranked

universities were selected only if they were located 50 miles or more away from any

higher ranked university. This step was proposed in an attempt to isolate any existing

geographical effects of intellectual reputation on organizational biomedical advancement

in the area. For example, Oxford University is located in the United Kingdom and is

found in the higher ranked group. Therefore, one medium ranked university and one

lower ranked university from the UK were selected to match this higher ranked

university. Both the medium ranked and the lower ranked universities selected were

located 50 miles or more away from any high ranked universities within the UK.

Google Maps was used to determine a university’s proximity to other universities

within the region. Once a medium and a lower ranked university were identified from the

ARWU and the THE, their location was entered in Google Maps and was checked

against the location of any higher ranked university within the same country. If the

medium or lower ranked university chosen was less than 50 miles away from any higher

ranked university, that medium or lower ranked university was not selected, and another

university meeting the same criteria was selected in its place. Multiple campus locations

were not considered in this study, as the researcher only focused on the location of the

main campus of each university.
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After all 90 universities were selected to be included in this study, a list of

doctoral students who graduated from each respective university from 2005-2009 was

generated. 225 students were randomly selected based on their published doctoral

dissertation within a biomedical program from each selected university.

Doctoral graduate selection. Intellectual reputation was examined as a factor

influencing doctoral graduates’ productivity. As such, a list of biomedical doctoral

graduates over a four year span (2005-2009) was obtained from the 30 selected higher

ranked universities. A total of 75 biomedical doctoral graduates were randomly selected

from the higher ranked universities.  An additional 75 biomedical doctoral graduates

were selected from the medium ranked universities, and 75 more were selected from the

lower ranked institutions; totaling a sample of 225 biomedical doctoral graduates.

Students who graduated after 2009 were not selected since preliminary analysis

suggested that in most observed cases, it is probable that these individuals would not

have had the time to become as productive as those who graduated in earlier years. In

order to select the 225 student subjects for this study, the ProQuest Dissertations database

was used primarily and Worldcat Dissertations and Theses database was used as

supplementary to primarily find students from international universities.

For both of these databases, the name of the university was entered in the search

field as an institution, then the key words ‘biology, biomedical, medical’ were entered.

The specific years for the search were entered as 2005-2009 for only doctoral theses and

dissertations related to the selected university. A list of students who published their

theses during those years was shown, and two or three students were randomly selected

from each university.  The first student shown on that list, the 5th student, and the 15th
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student were selected. The name of the students and the title of their thesis were recorded

along with the year they published the thesis. If not enough students were generated from

the search related to a particular university and the researcher was having difficulty

selecting students at random, any students who came up under the search and who

published their doctoral dissertations from a biomedical program within the university

between 2005-2009 would be selected.  On many occasions, published theses from

international universities selected for this study did not appear on the ProQuest

Dissertation database or WorldCat Dissertations and Theses database. In such instances,

the researcher visited the e-library of the selected university to search for theses and

dissertations from doctoral students that met the study criteria. Occasionally randomness

for subject selection was not used because of the low number of published theses listed in

the library database. In such instances, the researcher selected doctoral students whose

theses met the study criteria.

Hospital and biomedical laboratory selection. Finally, the area in which the

selected universities are located was studied to identify the existence of biomedical

advancement and organizational productivity perceived to be stemming directly from

institutional activities engaged in by the selected institutions. Biomedical advancement

was measured primarily by the activities of the selected community hospitals and

biomedical or pharmaceutical laboratories, and was based on the existence of biomedical

research activity and biomedical technology.

The American Hospital Association (AHA) reported that for the year 2010, there

were more than 5000 registered U.S. hospitals, which included 4973 community

hospitals; while the total number of staffed beds for community hospitals was 797,403
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(Health Forum LLC, 2013). The total expense reported for community hospitals was

$702,091,034,815 and out of the 4973 community hospitals, there were approximately

3007 community hospitals in a system and 1535 community hospitals were affiliated with

a network. There were approximately 500 teaching hospitals within the United States,

which made up only about 10% of the total number of hospitals in the United States

(Health Forum LLC, 2013).

For each university in the study sample (i.e., the 30 higher ranked universities, 30

medium ranked universities, and 30 lower ranked universities), the researcher collected

data from two randomly selected hospitals and one biomedical laboratory within

approximately 10 miles from that university. This selection process yielded 180 hospitals

and 90 biomedical/pharmaceutical laboratories. Additional criteria for hospital selection

included the existence of emergency medicine and specializing in diverse clinical

services, of which two must be cardiology and cancer treatment. The exclusion criterion

was that a selected hospital or biomedical laboratory could not be approximately ten

miles from two or more universities of different ranks. Meaning, a selected hospital or

biomedical laboratory cannot be ten miles from any higher ranked university and ten

miles from a selected medium or lower ranked university at the same time. This step

included further investigation, where the researcher kept track of the rank of all

universities that were close to a selected hospital although the university may not have

been selected to be included in this study.
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Data Collection for Each Sample

The university. To collect data on each university, procedures for SciVerse

Scopus search were followed using the steps suggested by Linton et al. (2011). First, the

name of each university selected for purpose of this study was entered in the affiliation

field in the SciVerse Scopus database. Scopus then provided a list of all institutions or

organizations affiliated with the name entered. Next, affiliations were selected if they

were strictly a part of the university’s biological, biomedical, or medical department.

Hospital laboratories and other similar entities were excluded.  All documents published

by the selected affiliation were shown. The researcher then limited the search to

medicine, biochemistry, genetics and molecular biology, immunology and microbiology,

and neuroscience. The total number of documents ever published by the selected

university within the selected fields was shown and recorded by the researcher.

Following this procedure, the name of the most prolific researcher within the given fields

was identified. If the most active researcher was outside of and published the last 20

documents outside of the biomedical field, the next most prolific researcher was selected

instead.  Information for the number of publications, number of citations, and Hirsch

Index for the most prolific researcher were recorded.  Following this procedure, more

information was collected on each university in respect to the selected fields. The analyze

results tab was then clicked using the years 2005-2010 to generate data. The number of

publications for those years was recorded as well as the number of collaborations, and the

number of affiliated countries with which the university published. Finally SciVerse

Scopus along with SciVerse Hub were used together to collect data on scientific patent

production of each university. On the SciVerse Hub dashboard, the name of the
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university was entered with the key word patent. A list of published materials was

generated. This list was limited to patent-associated documents. Then the content sources

tab was selected and the search was limited to biomedical related topics within the U.S.

and European patent offices. The search list was further examined to ensure that the

documents published were actual patent granted documents. In some instances there were

multiple patent applications for the same invention. The researcher would then subtract

those repeated values from the value reported by SciVerse Hub. The United States Patent

and Trademark Office was randomly used to double check the accuracy of the data

generated. On rare occasions, there were a few omissions or duplicates of patent granting

documents on the SciVerse Hub database. Because these discrepancies were minimal,

and non-significant, when referring to patents in this study, the researcher notes that the

study includes the number of ‘reported patents’ on SciVerse Hub as opposed to the actual

number of patents the university may have.

The doctoral graduate. To search for scientific publications within the

biomedical field, patent ownership, citation of research for each selected doctoral

graduate, SciVerse Scopus and SciVerse Hub (for granted patents) were used as the main

sources for data gathering. In addition, Elsevier Science, PubMed Central, and Web of

Knowledge were used as supplementary databases complementary to SciVerse Scopus

mainly as means to randomly compare the data that was generated from SciVerse Scopus.

Consideration was given to the possibility of name changes that could have occurred (i.e.

due to marriage) after the graduates published their thesis. Consideration was also given

to the possibility of multiple researchers with the same name. These were limitations of

which the researcher was aware; nonetheless, according to SciVerse Scopus for author’s
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search, this error was expected to be minimal. The SciVerse Scopus author identifier

distinguishes similar author names by using an algorithm that matches authors based on

their affiliation, address, subject area, source title, dates of publication citations, and co-

authors. Scopus then groups author names under a unique author identifier number, while

taking last name variations, all possible combinations of first and last name with and

without initials into consideration. To search for subjects who have ever owned a patent,

SciVerse Hub was selected as the best database for data collection. The United States

Patent and Trademark Office (USPTO) was used to randomly assess accuracy.

To conduct searches in SciVerse Scopus on the 225 doctoral subjects included in

this study, first the Author Search tab was clicked. Then, the first and last name of the

author was entered. If the author had a middle initial, SciVerse Scopus gave the option to

enter this information as well.  The selected university from which the student published

his or her doctoral thesis was entered in the affiliation field. A list of authors was

generated, and the researcher selected the author who best matched the selected subject,

based on first and last name, the affiliated institution, the listed subject area of study, city,

and country. The number of documents reported for that particular student was recorded.

Following this, the number of times the author’s publications were cited, as well as the

author’s Hirsch Index were recorded. Data on the subjects’ inventions were found using

SciVerse Hub by entering the name of the subject in the search dashboard with the key

word patent. The same procedure mentioned above to obtain university patent was

followed to obtain patent information on student subjects.

The productivity of the resulting 225 biomedical doctoral graduates was examined

using SciVerse Scopus and was based on their: 1) scientific publications in peer-reviewed
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scholarly journals, using the number of publications the graduates generated; 2) patent

ownership within the biomedical field; 3) biomedical contribution (number of citations of

published articles), and 4) Hirsch Index.  These four variables, recorded from SciVerse

Scopus and SciVerse Hub, were left as raw and continuous variables as they were

obtained from the databases.

The hospital. Data were collected on the hospitals mainly to assess biomedical

advancement, productivity, and capacity to absorb knowledge where multiple databases

were used to record hospital activity. The first database used was SciVerse Scopus which

contains invaluable data points on hospital research activity. To collect data on hospitals

from SciVerse Scopus, the same procedure used to collect data on the universities was

followed. The number of all publications generated by each hospital was recorded along

with publications for the years 2005-2010. The researcher then recorded the number of

contributing authors from each hospital, with the number of countries the hospital

collaborated with, and whether or not the hospital published any materials in scientific

conferences for the years 2005-2010. In addition, the top three journals in which the

hospital published the most were recorded; the 5-year impact factor for each journal was

then obtained through SciVerse Scopus from Journal Citation Reports. The average

impact factor was calculated from the three impact factors and was associated with the

relevant hospital.

Currently SciVerse Scopus contains only data related to research and scientific

publications on hospitals; because of this, other databases were used to collect other

necessary data pertaining to the research questions of this study. The second database

used to collect data on only hospitals within the United States was FREIDA, a database
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of the American Medical Association. The name of the hospital was searched, and data

on the number of affiliated medical programs within the hospital was recorded, as well as

the number of beds, and the number of medical programs the hospital sponsors. The

researcher recorded whether or not the hospital was affiliated with the selected university

for which it is within 10 miles of. The researcher also noted if that hospital was affiliated

with any other university and recorded the rank of that university from the ARWU for

2010, whether the university affiliated with the hospital was selected to be part of this

study or not. The American Hospital Directory was also used to collect data on the

approximate number of medical residents who were practicing in each U.S. hospital for

the reported year. The fourth and fifth databases that were used to collect data on the

hospitals were Guide Star and Grant Space which have collections of income tax returns

for hospitals that are not-for profit and are located within the United States. Upon

receiving form 990 for the year 2010 on U.S. hospitals that listed their income tax return

for the selected year, the researcher recorded the variables of interest. The hospital’s

gross receipt for 2010 was recorded as well as total revenue, net income, and net asset

after accounting for liability. Then the researcher recorded the amount of dollars the

hospital spent on information technology, and the amount of dollars spent on conferences

and meetings.

Finally, the HIMSS database from the Dorenfest Institute was used to collect data

on the selected U.S. hospitals’ use of information technology. This database contains

information on American and Canadian hospitals’ use of information technology over

multiple years. This database is vast and rich and has been used by many researchers to

study hospital trend and its acquisition, maintenance, and the upgrading of its technology
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system to better facilitate patient needs and improve quality. For purpose of this study,

only the year 2010 was investigated to collect information on hospital use of technology

as reported in the HIMSS database. Data points for each U.S. hospital were collected for

net operating revenue, number of admissions, Chief Information Officer’s responsibility

for biomedical operations, number of computers in the hospital, number of workstations,

the largest amount of dollars an authorized individual can approve to spend on

information technology, the number of FTE working in operations, the number of FTE

programmers, annual operating cost, annual revenue, number of years since the current

information system plan has been in effect,  if the hospital provides Ambulatory EMR to

community physicians under the new Stark Relaxation laws, if the hospital has an

Information System steering committee, and the percentage of physicians using hand-

held devices. If data on information system steering committee was not sufficient for the

selected hospitals, the researcher then went through online documents on the hospitals to

search for any indication that a particular hospital may have or had an information system

steering committee.

Lastly, for a brief examination of some of the demographic characteristics of the

U.S. regions in which the hospitals are located, population data as well as poverty levels

for each state within the United States were obtained from the U.S. Census Bureau for the

year 2010 (U.S. Census Bureau, 2012).

The laboratory. SciVerse Scopus was also used to collect data on the biomedical

and pharmaceutical laboratories selected for this study. The same procedure used to

collect data on the universities and hospitals was followed. The number of all

publications generated by each laboratory was recorded along with publications for the
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years 2005-2010. Lastly, the researcher collected data on the number of laboratory

affiliations.

Data Analysis

The development of a list of predictors that contribute to building and sustaining

intellectual reputation in the biomedical department of a university was one aim of this

study. IBM Statistical Package for Social Sciences 21 was used to conduct the statistical

analyses that concern this study. Multiple Linear Regression was used to determine the

predictive ability of the selected variables that the researcher posited to potentially relate

to intellectual reputation. The predicted variable, Intellectual Reputation (IR) was

measured as a continuous variable and was based on university ranks on the ARWU and

the THE. Based on the review of related literature, certain variables were suggested as

associated with intellectual reputation (i.e. extensiveness of research activity, scientific

publications, affiliations, patent ownership, and Nobel Laureate on staff) which also

served as the predictor variables. The predictor variables are,

 Research intensity;

 Scientific publications;

 Collaborative partnership or affiliation;

 Number of affiliated countries;

 Patent ownership;

 Nobel laureate/renown awardees on staff; and

 Hirsch index of the most prominent researcher.

All of the variables were based on quantifiable scores recorded from SciVerse Scopus as

in Linton et al. (2011), from SciVerse Hub, and from the Nobel Prize website. These
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variables were used as predictor variables of interest, and were measured at the

biomedical departmental level for the selected universities (N= 90). The outcome

variable is identified as having different strength of intellectual reputation; and was based

on ranks pulled from the international ranking systems Times Higher Education (THE),

and the Academic Ranking of World Universities (ARWU) for the 90 selected

universities.

Doctoral graduate productivity was measured for the selected doctoral graduate

subjects (N= 225) based on the reported data for the following variables,

 Scientific (biomedical) publications;

 Hirsch Index;

 Biomedical contribution (measured by the number of citations); and

 Scientific patent ownership.

Doctoral graduate productivity was examined for any significant association with

university’s intellectual reputation, using correlation procedures, measured by Pearson

correlation, with an accepted 95% CI, at α < 0.05. All variables were left raw and

continuous as they were obtained from the databases.

After conducting the correlation analysis, Multiple Linear Regression was used in

order to examine the predictive ability of hospital capacity to absorb knowledge and

intensity of knowledge spillovers to hospital biomedical advancement. Multiple Linear

Regression was also used to examine the predictive ability of hospital capacity to absorb

knowledge, hospital affiliation with a university, the rank of the affiliated university, and

the distance of the hospital to the highest ranked affiliated university to hospital

productivity (N= 180). The first outcome variable is organizational biomedical
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advancement. As shown earlier in the selection of variable section, this variable was

measured by the average impact factors of the top three journals in which a selected

hospital publishes plus the square root of the hospital’s total publications divided by 35;

while hospital productivity included the hospital’s ROE for the year 2010 times 100 plus

hospital biomedical advancement.  The following shows the mathematical calculations of

the variables:

1. Biomedical Advancement    =
( )

+

2. Hospital Productivity =      ROE (100)+
( )

+

= (ROE(100) + Biomedical Advancement)

The predictor variables for biomedical advancement are the hospitals’

 Capacity to absorb knowledge; and

 Intensity of knowledge spillovers.

Capacity to absorb knowledge (CAP) is measured by the hospital’s number of hospital

beds (HB) plus number of computers (C) plus number of computer programmers (CP)

plus number of publishing authors (PA) plus the square root of the hospital’s net asset

(NA) divided by 10,000. The variable number of bed is used because the number of beds

of a hospital represents how large the hospital is and may have a direct relationship with

its available resources.
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CAP= HB + C+ CP+ PA + √ ÷ ,
Intensity of knowledge spillovers (KS) is measured by the number of reported residents

(MR) plus publication in conferences (PC) plus affiliated programs (AP) plus the square

root of the amount of dollars spent on conferences (CE) divided by 10,000.

KS = MR + PC + AP + √ ÷ ,
The predictor variables for hospital productivity are

 Hospital capacity to absorb knowledge divided by 10,000;

 Hospital affiliation with a university;

 The rank of the affiliated university; and

 Proximity to the highest ranked affiliated university.

Capacity to absorb knowledge was calculated as above, except in this step it was divided

by 10,000 in order to match the digit values of the other three variables in the equation.

Affiliation with a university is measured as yes or no (1, 0); while proximity to the

highest ranked university the hospital is affiliated with was calculated by taking the

reciprocal value of the distance between the two institutions. Thus,

Proximity =
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Another particular interest of this study was the suggestion of a framework that

can predict the university’s likelihood to influence the hospital to be more productive

than it would have been if the university in question had no influence on the hospital’s

activities. This calculated influence will be referred to as an Influence Factor weighed

mainly on the university’s resources. This value, influence factor is calculated from the

reciprocal value of the university’s rank or intellectual reputation (IR) plus its resources

(R) (research intensity plus renown faculty on staff) raised to a 1.5th power. 1.5 in this

case is a constant that best represents the magnitude of the probable role of university’s

intellectual reputation and its resources in the presence of the other variables. This sum

was then added to 10 times the reciprocal value of the university’s distance from the

hospital plus any existing partnership (EP) with the hospital (1 or 0). Thus,

Influence Factor = ( + R ) 1.5 + 10( ) + EP

The influence factor assumes that the variables within the equation have different

effect on the university’s ability to influence a hospital to productivity.  All the variables,

except for distance may change within months; these variables, when changed are not

assumed to have a sudden effect on the hospital’s productivity. Distance, however will

remain unchanging unless the university builds a branch that may be closer to the

hospital.

A correlation analysis was conducted for influence factor with hospital

productivity in an attempt to find any significant relationship between the two. Then a

multiple regression analysis was conducted in order to find out if the university’s
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Influence Factor (IF), and the hospital’s capacity to absorb knowledge (CAP) can predict

hospital productivity. The two predictors of hospital productivity in this scenario are

 University Influence Factor (IF); and

 Capacity to absorb knowledge (CAP).

Following the last regression analysis, the Monte Carlo simulation procedure was

used in order to see possible outcomes for hospital productivity based on hospital

capacity to absorb knowledge and university influence factor. The impact the university

has on the productivity of hospitals is complex and rather difficult to measure, as

suggested by Feldman and Desrochers (2003) on the impact of the university on local

economic advancement. It is difficult to know for certain how the decision of a hospital

to build a branch near a highly productive university and to create partnership with that

university will impact the biomedical advancement of the hospital and its productivity.

The Monte Carlo simulation in this case was performed to assess the possible outcomes

for hospital productivity based on only those two selected variables. Basically from the

Monte Carlo simulation generated from the last regression analysis, the researcher wished

to estimate how likely the resulting outcomes of hospital productivity could occur in the

presence of university influence factor and hospital capacity to absorb knowledge.

Mainly, the Monte Carlo technique is a statistical method where multiple random

scenarios can be created to yield a simulated model. This process uses stochastic

modeling in which the probability distributions of potential outcomes are estimated while

taking variability into consideration. Monte Carlo simulations have been highly used in

businesses and other areas such as the medical field, to predict profit, expenditure,

treatment outcomes, and behavior, to name a few. In this study, the Monte Carlo method
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was used to examine the potential effects of university influence factor (a calculated

variable) and hospital capacity to absorb knowledge (also a calculated variable) on

hospital productivity. In the observed regression model, hospital productivity is equal to

biomedical advancement plus the hospital’s ROE for the year 2010. Capacity to absorb

knowledge (CAP) is the hospital’s number of hospital beds (HB) plus number of

computers (C) plus number of computer programmers (CP) plus number of publishing

authors (PA)  plus the square root of the hospital’s net asset (NA) divided by 10,000.

Influence Factor was calculated from the reciprocal value of the university’s rank or

intellectual reputation (IR) plus its resources (R) (research intensity plus renown faculty

on staff) raised to the 1.5th power. This sum was then added to 10 times the reciprocal

value of the university’s distance from the hospital plus any existing partnership (EP)

with the hospital.

The regression model was obtained from the regression analysis where hospital

productivity was predicted from university influence factor and hospital capacity to

absorb knowledge.  After the regression analysis was run, the beta values for the

predictor variables were obtained. The correlation coefficient between each predictor was

noted as well as the R2 value of the model. Upon obtaining this information, the model

was further analyzed for the predictors’ contribution within the model. The equation for

this regression model was used to create the simulation plan for the Monte Carlo

simulation using IBM SPSS 21. The same database that was used for the previous

analyses on hospitals was used for the simulation. The simulation tab was clicked, then

the option to create a simulation using a formula was selected. The formula from the

regression analysis was entered where,
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Hospital Productivity = β1(IF) + β2(CAP)

The predictor variables were then fitted to the model automatically. A simulation was run

for a maximum of 1000 cases and a second simulation was run for a maximum of 10,000

cases. This simulation process allowed for this study to account for the amount of

uncertainty it encountered due to sample size and other underlying variability that may

exist between the variables. Because the Monte Carlo simulation can enter many more

cases with different scenarios than the actual model has, it allows for more variability to

be present and gives additional insights on the possible direction of the model. In respect

to this study, the Monte Carlo simulation allowed the researcher to view the different

outcomes of hospital productivity and the desired outcomes of hospital productivity in

respect to university influence factor and hospital capacity to absorb knowledge.

Although regression analysis provided this study with insights on the predictive ability of

university influence factor and hospital capacity to absorb knowledge for hospital

productivity, it did not allow the researcher to view the possible outcomes of hospital

productivity. The Monte Carlo simulation was able to provide this information to the

study which contributed significantly to this study.

Lastly, the Geographic Information System (GIS) and GeoCommons were used to

map biomedical advancement in areas within the United States and the United Kingdom

where the selected universities for this study are located. GIS allows viewing and

visualizing data in many ways that reveal relationships and trends in the form of maps,

reports, and charts. For purpose of this study, data points for strength of biomedical
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advancement were recorded for each hospital within the United States and the United

Kingdom. GIS was used to visualize the location of these data points in proximity to the

selected universities with different intellectual reputation at the state level. These regions

from the United States and the United Kingdom were studied for the presence of different

hospitals with different biomedical advancement and productivity as defined by this

study. They were also examined in relationship to their geographic location relative to

universities at different ranks. Maps with U.S. state boundaries and United Kingdom city

boundaries were obtained from GeoCommons, an ESRI Community site which contains

open data and maps. Maps with U.S. state boundaries were also obtained from the ESRI

ArcGIS database of base maps. Topography of the states within the United States was

used as the base maps. Variables of interest for each hospital were entered in Microsoft

Excel, which were then geo-coded based on the hospital’s full address. Layers with each

hospital address and different information on the hospitals was then added to the base

map. For the United States, the first map layer included the base map with all the world’s

continents, but specifically contained state boundaries to the United States. The second

layer contained an aggregation of ranks of 165 U.S. universities (shown in Figure 2). This

first layer visually depicts the average ranks per state of 165 U.S. universities ranked by

the ARWU for the year 2010 and 5 lower ranked universities that were not listed on the

ARWU but received a rank of 900 from the researcher.
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Figure 2

Map of Average U.S. University Intellectual Reputation by State

The third layer contained selected variables on the universities which were

examined in relationship to hospital publication, productivity, and biomedical

advancement.  Hospitals were also examined visually for the number of admissions by

U.S. regions. For this step, 5000 U.S. hospitals from the HIMSS database were mapped

by their number of admission for the year 2010. The U.S. hospitals in this study were

further examined in terms of the demographic characteristics of the community in which

they were located. The U.S. Census reports population by state and poverty level by state

and county level for the year 2010. The data allowed the researcher to visually examine

the relationship between state population and poverty level. The data were examined

visually in relationship to hospital productivity.

51

Figure 2

Map of Average U.S. University Intellectual Reputation by State

The third layer contained selected variables on the universities which were

examined in relationship to hospital publication, productivity, and biomedical

advancement.  Hospitals were also examined visually for the number of admissions by

U.S. regions. For this step, 5000 U.S. hospitals from the HIMSS database were mapped

by their number of admission for the year 2010. The U.S. hospitals in this study were

further examined in terms of the demographic characteristics of the community in which

they were located. The U.S. Census reports population by state and poverty level by state

and county level for the year 2010. The data allowed the researcher to visually examine

the relationship between state population and poverty level. The data were examined

visually in relationship to hospital productivity.

51

Figure 2

Map of Average U.S. University Intellectual Reputation by State

The third layer contained selected variables on the universities which were

examined in relationship to hospital publication, productivity, and biomedical

advancement.  Hospitals were also examined visually for the number of admissions by

U.S. regions. For this step, 5000 U.S. hospitals from the HIMSS database were mapped

by their number of admission for the year 2010. The U.S. hospitals in this study were

further examined in terms of the demographic characteristics of the community in which

they were located. The U.S. Census reports population by state and poverty level by state

and county level for the year 2010. The data allowed the researcher to visually examine

the relationship between state population and poverty level. The data were examined

visually in relationship to hospital productivity.



52

Chapter Summary

This proposed study’s primary intent was to examine international intellectual

reputation in relationship to selected variables, such as student productivity and local

organizational biomedical advancement. This chapter described the procedures that were

employed to conduct this study, including selection of study sample, data collection, and

data analysis. Universities spend a great amount of resources to build their intellectual

reputation. If intellectual reputation is an important contributor, particularly with regard

to student productivity and local advancement, this determination needs to be more

clearly evidenced in the literature.
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4. FINDINGS

This chapter discusses the findings from the analyses carried out in support of

determining the relationship between university intellectual reputation and student

productivity and organizational biomedical advancement and productivity in the local

community. The instruments used for purpose of data analysis were IBM SPSS 21.0 and

ESRI ArcGIS along with Geocommons.

The University

To address the first research question, which aimed to assess the predictive ability

of scientific publications, university affiliations, number of affiliated countries, scientific

patent ownership, Nobel Laureate on staff, and Hirsch Index of the most prominent

researcher to intellectual reputation at the university level, 90 universities were selected

internationally based on their ranks on the ARWU and the THE. 60 (67%) of these

universities were located in the United States, and the remaining 30 (33%) were located

across the United Kingdom, Japan, Canada, and Switzerland. Although the initial aim of

this study was to look at universities worldwide, the higher ranked universities, based on

the ARWU and the THE, were found to be located in these countries, and subsequently,

the selection process for the medium and lower ranked universities was conducted on a

match-by country case basis. The majority of the universities selected for
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purpose of this study, however, were categorized as very high research universities; with

31 (34.4%) universities at some point ever having a Nobel Laureate on staff. In terms of

ownership of biomedical/medical patents, 9 (9.9%) universities owned 5 scientific patents

or less, 40% owned 6-50 patents, 27% owned between 51-200 patents, and 18% owned

201 patents or more. 3 (3.3%) of the selected universities owned more than a 1000

scientific patents. All of the universities (100%) were affiliated with at least 5 countries,

published more than 400 scientific articles, and within that number, 18 (19.8%) carried

out more than 50,000 scientific related publications; individually, 100% of the

universities collaborated with at least 130 other organizations, and had a most prolific

researcher with an Hirsch Index of 7 or more. In addition, 40% of the universities had a

prolific researcher with a Hirsch Index of 50 or higher. Figure 3 below provides a visual

of the distribution shape of scientific publications, Hirsch Index of the most prominent

researcher, and number of affiliated countries. Table 1 indicates the means and standard

deviations for the variables of interest related to the university.

Table 1

Means and Standard Deviations for University Variables

N=90 Intellectual
Reputation

Scientific
Patents

Scientific
Publications

Affiliations
Hirsch
Index

Nobel
Laureate

Affiliated
Countries

Mean 195.46 162.23 26204.33 157.52 49.37 0.34 79.84

SD 170.28 330.21 27147.07 3.02 26.50 0.48 34.59
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Figure 3

Structural Shape of the Distributions of Publications vs. Publications 2005-2010 and

Hirsch Index of Most Prominent Researchers vs. Number of Affiliated Countries
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Regression analysis was used to assess the predictive ability of scientific

publications, affiliations, scientific patent ownership, number of affiliated countries,

Hirsch Index of the most prominent researcher on staff, Nobel Laureate on staff, and

research intensity to intellectual reputation. Correlations between the predictor variables

and the outcome variable are summarized in Table 2. As shown in the table, all the

predictor variables are revealed to be significantly and positively correlated with

intellectual reputation except for affiliations, r= 0.165, p = 0.138. Additionally, there is a

negative correlation between affiliations and research. Although that correlation was not

significant (r= -0.06; p= 0.221). Additionally, affiliations was significantly correlated the

number of countries universities are affiliated with (r= 0.26; p = 0.03). Upon creating the

correlation matrix to evaluate the relationship between each predictor variable, a

regression model was created. These variables were then examined for multicollinearity,

and it was found that there were no serious problems with multicollinearity; nor was there

any problem with homoscedasticity (data not shown). All the variables had VIFs between

1 and 1.9 except for scientific publications and number of affiliated countries which had

VIFs of 4.6 and 4.2 consecutively.
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Table 2

Correlation Matrix of University Selected Variables

N= 90
Intellectual
Reputation

Nobel
Laureate

Scientific
Patents

Scientific
Publications

Affiliations Hirsch
Index

Affiliated
Countries

Research
Intensity

Intellectual
Reputation

r
p

0.71
.000

0.40
.000

0.69
.000

0.165
.138

0.58
.000

0.77
.000

0.60
.000

Nobel
Laureate

r
p

0.71
.000

0.37
.000

0.67
.000

0.10
.370

0.45
.000

0.60
.000

0.29
.006

Scientific
Patents

r
p

0.40
.000

0.37
.000

0.50
.000

0.06
.613

0.30
.004

0.42
.000

0.18
.067

Scientific
Publications

r
p

0.69
.000

0.67
.000

0.50
.000

0.12
.305

0.60
.000

0.82
.000

0.33
.002

Affiliations r
p

0.17
.138

0.10
.370

0.06
.613

0.12
.305

0.16
.147

0.26
0.03

-0.06
.229

Hirsch
Index

r
p

0.58
.000

0.45
.000

0.30
.004

0.60
.000

0.16
.147

0.61
.000

0.40
.000

Affiliated
Countries

r
p

0.77
.000

0.60
.000

0.42
.000

0.82
.000

0.26
0.03

0.61
.000

0.48
.000

Research
Intensity

r
p

0.60
.000

0.29
.006

0.18
.067

0.33
.002

-0.06
.229

0.40
.000

0.48
.000

The regression model for the predictors of university intellectual reputation

includes the university’s intellectual reputation as the outcome variable, where the

predictors are research intensity of the university, collaboration/affiliation with other

institutions, ownership of scientific patents, Nobel Laureate on staff, Hirsch Index of the

most prolific researcher on staff, number of affiliated countries, and biomedical

publications, where N= 90. The resulting specifications for the model are shown in Table

3; the model was shown to be statistically significant, such that the variables selected for

this model predicted a significant amount of criterion variance, F (7, 65) = 36.511,

p = 0.001. R2 = 0.80 suggests that the model explains 80% of the variation that occurs

when intellectual reputation is concerned, which is regarded as a strong contribution.



58

Nonetheless, when examining the variables further, it is obvious that some of the

variables contribute more significantly to the model than others. For instance, having a

Nobel Laureate on staff significantly contributes to the model (t= 5.21; p= 0.000), and so

does university research intensity (t= 4.52; p = 0.000). Scientific publications did not

contribute much to the model, (t= 0.394; p = 0.695) although it was shown to be highly

correlated to university’s intellectual reputation (r = 0.69; p = 0.000).

Table 3

Regression Results for University Intellectual Reputation

Model Unstandardized Coefficients t p

B Std. Error

Constant 1194.225 566.198 2.109 .039

Nobel Laureate 155.517 29.859 5.208 .000

Biomedical Patents 0.033 0.033 1.011 .316

Publications 0.000 0.001 0.394 .695

Collaboration
2.880 3.542 0.813 .419

Hirsch Index 0.381 0.505 0.755 .453

Countries 1.362 0.603 2.258 .027

Research Intensity 118.956 26.343 4.516 .000

The Doctoral Graduate

225 students who graduated with a doctoral degree in any biomedical field

between 2005-2009 were selected from the sampled universities. To be included in this

study, students must have published their doctoral theses between 2005-2009. At least 2

graduate students were selected as part of the study sample from each of the selected

universities. No demographic information was collected on the graduates except for
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gender. 156 (69.3%) graduates were from U.S. institutions, while 69 (30.7%) were from

the United Kingdom, Canada, Japan, and Switzerland. Concerning the variables of

interest, 30 (13.3%) of the student graduates owned 1 patent or more, while 195 (86.7%)

did not own any scientific patents. Also, with  regard to students, 88% had a Hirsch Index

of 10 or less, while 12% had a Hirsch Inxex of 11 or more; 3.6% were cited more than a

thousand times, among this percentage, 2 students were cited more than 2500 times,

while on the low end, 14 (6.2%) of the student graduates were never cited and 2.9% were

cited between 1 to 10 times. Individually, the graduates produced up to 61 publications,

where 10.39% published 20 scientific articles or more. Only 4 students (1.8%) did not

produce any scientific publications at any time. Table 4 below shows the means and

standard deviations for the variables of interest.

Table 4

Means and Standard Deviations for Doctoral Graduates Variables

N=225 Scientific Publication Citations Hirsch Index Scientific Patents

Mean 10.17 230.31 5.32 0.25

SD 8.691 368.820 3.665 0.903

The research question pertaining to the graduate students and the university asks

if there is a relationship between the university’s intellectual reputation and student

productivity. The alternate hypothesis for this research question states that The

intellectual reputation of universities is associated with their post-doctoral graduates’

productivity. In order to test this hypothesis, a correlation analysis was conducted using
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Pearson correlation, two-tailed, for significance at alpha <0.05 at 95 % CI.  Table 5

shows the results of the correlation, and as indicated on the table, graduate students’

scientific publications was significantly correlated with university intellectual reputation,

r= 0.234, p = 0.001 although only about 5% of the variance in intellectual reputation is

predictable from students’ scientific publications; the number of times the graduate

students were cited was also correlated with university intellectual reputation r= 0.268,

p = 0.001; while students’ Hirsch Index was significantly correlated with intellectual

reputation, r = 0.268, p = 0.000, where only about 7% of the variance is predictable from

students’ Hirsch Index. Scientific patent ownership was a very flat variable, where the

majority of graduates (86.7%), regardless of university rank did not own a patent. There

was not much variability in this variable and the non-significant correlation (r= 0.120, p =

0.072) is an indication of the lack of variability within this variable.
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Table 5

Correlation Matrix for Doctoral Graduates Variables

N= 90 Intellectual
Reputation

Research
Intensity

Scientific
Publications

Citations Hirsch Index Scientific
Patents

Intellectual
Reputation

r .821 .234 .268 .268 .120
p .000 .000 .000 .000 .072

Research
Intensity

r
p

.821

.000
.134
.045

.106

.112
.116
.081

.052

.436

Scientific
Publications

r .234 .134 .528 .846 .126
p .000 .045 .000 .000 .059

Citations r .268 .106 .528 .655 .144
p .000 .112 .000 .000 .031

Hirsch
Index

r .268 .116 .846 .655 .148
p .000 .081 .000 .000 .026

Scientific
Patents

r .120 .052 .126 .144 .148
p .072 .436 .059 .031 .026

The Hospital

The alternative hypotheses 3 through 5 state that,

H3a: The intellectual reputation of universities is associated with local organizational

biomedical advancement and productivity.

H4a: Hospitals with higher productivity are clustered around higher ranked universities

within the United States and the United Kingdom.

H5a: Hospital capacity to absorb knowledge, university influence, university intellectual

reputation, and intensity of knowledge spillovers are contributors to hospital biomedical

advancement and hospital productivity.

In order to test these hypotheses, different analytical steps were taken. 180 hospitals were

included in this part of the study. 120 (67%) hospitals were from the United States; 15
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(8.3%) were from the United Kingdom, 45(25%) were from Canada, Japan, and

Switzerland. 69.8 % of these hospitals have 200 beds or more; 13.2% of the hospitals

published more than 5000 scientific related articles. 16.2% published between 1000-

4999 scientific articles; 30% had between 101-999 scientific publications, while 32.2%

published about 1-100 scientific articles, and 8.4% hospitals did not have any

publications in any journals. Another important variable within this study was

participation or publication in conferences, which is suggested to increase knowledge

spillover. The data show that 63.7% of hospitals published and participated in

conferences while 36.3% did not publish in any conferences. Table 6 illustrates the

means and standard deviations for all the variables considered between university’s

intellectual reputation and hospital biomedical advancement and productivity.
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Table 6

Means and Standard Deviations of Hospital Variables

Mean SD

Number of Beds 504.52 343.815

Number of Residents 139.16 217.197

Affiliated Programs 11.59 21.96

Collaborating Authors 654.05 1583.21

Scientific Publications 2289.36 7060.557

Affiliated Countries 20.71 65.648

Operating Revenue $301,831,035.2 $472079934.6

Computer Programmers 3.55 10.076

Information System Operators 1.04 2.980

Ambulatory EMR Services 0.27 0.446

Steering Committee 0.30 0.461

Gross receipt $558,813,514.5 $765,762,555.1

Revenue $468,733,181.2 $594,024,845.4

Net Assets $302,046,547.8 $513,796,547.1

Information Technology Expenditure $4,548,766.52 $9,765,749.444

Conference Expenditure $279,048.52 $584,797.774

Distance to Selected University(mile) 3.1084 2.8439

Distance to Affiliated University 206.4514 241.1534

ROE 0.77362 0.12952

Net Income $35,730,257.28 $75,997,302.66

Table 7 shows the means and standard deviations for the variables calculated by

the researcher. Table 8 shows the correlation results between university intellectual

reputation and hospital related variables. The table also shows correlation results between

these hospital variables and university influence factor. In terms of university intellectual

reputation, relevant hospital variables such as number of residents, number of

collaborating authors, publications, net assets, and revenue, were shown to be
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significantly and positively correlated with the variable, r= .349; p = .000  , r= .265;

p =.000,  r= .227 : p = .002, r= .242; p = .024, r= .217, p =.044 consecutively. Other

relevant variables such as having a steering committee for information technology (r=

.109; p = .173), expenditure on information technology (r= .110; p = .311), expenditure

on conferences (r= 0.002; p = .974), ambulatory EMR (which is the provision of services

to community physicians) (r= .039; p = .745),  and ROE (r= .022; p = .837) were not

significantly correlated with university intellectual reputation, although all seem to show

a somewhat weak positive relationship with university intellectual reputation. Intellectual

reputation was also shown to be significantly correlated with hospital capacity to absorb

knowledge (r= 0.211, p = 0.005) and knowledge spillovers (r=.242, p = 0.001).

Table 7

Means and Standard Deviations of Hospital Calculated Variables

Study Calculated Variables Mean Standard Deviation

Hospital Productivity 14.214 14.390

Biomedical Advancement 10.454 11.101

Average Journal Impact Factor 5.654 6.593

University Influence Factor 6.557 2.232

Knowledge Spillover 101.850 201.143

Capacity to Absorb Knowledge 1729.900 3021.724
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Table 8

Correlation for Hospital Variables with University Intellectual Reputation and University Influence Factor

Income Beds Residents Collaborating
Authors

Scientific
Publications

Affiliated
countries

Operating
Revenue

Computer
Programmer

Information
System
Operators

Ambulatory
EMR

University
Intellectual
Reputation

r
p

.056

.604
.205
.008

.349

.000
.265
.000

.227

.002
.050
.502

0.219
.018

.062

.517
-0.012
.885

0.039
.745

University
Influence
Factor

r
p

.153

.152
.219
.004

.425

.000
.325
.000

.293

.000
.121
.106

.285

.002
0.021
.825

-0.047
.617

.017

.859

Steering
Committee

Gross Receipt Revenue Net Asset Info Tech
Expenditure

Conference
Expenditure

Distance1 Distance2 ROE

University
Intellectual
Reputation

r
p

.109

.173
.201
.062

.217

.044
.242
.024

.110

.311
0.002
0.974

.099

.189
.337
.000

.022

.837

University
Influence
Factor

r
p

.178

.025
.302
.005

.354

.001
.331
.002

.224

.037
.321
.002

-.127
0.090

-.547
0.000

.021

.848

65
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Based on the results of the correlations on Table 9, we can reject the third null

hypothesis, in that the university’s intellectual reputation was shown to be positively

correlated with hospital biomedical advancement r= .445, p = 0.000. To further address

the relationship between university’s intellectual reputation and hospital’s advancement,

the productivity of the hospital was looked at in relationship to university’s intellectual

reputation. Hospital productivity and University influence factor were shown to be

positively and significantly correlated, r= .322, p = 0.000.

Table 9

Correlation for Hospital Calculated Variables

Hospital Productivity Hospital Biomedical
Advancement

Hospital Capacity to
Absorb Knowledge

University Influence
Factor

.402

.000
.500
.000

.252

.001

Hospital Capacity to
Absorb Knowledge

.458

.000
.596
.000

Knowledge Spillover .347
.000

.398

.000
.460
.000

Distance1 -.236
.001

-.224
.003

-.242
.001

Distance2 -.228
.002

-.235
.002

-.171
.022

University Intellectual
Reputation

.322

.000
.445
.000

.211

.005

Hospital biomedical advancement is an important component to hospital

productivity, patient quality, and innovation. In this study, biomedical advancement was

studied for any association with university intellectual reputation, and as seen earlier, the

correlation results suggest that there is a positive and significant relationship between
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these two variables. Since the networks that connect hospitals and universities are rather

complex, the study further investigated the relationship between these two organizations.

A linear regression analysis was conducted where hospital capacity to absorb knowledge

and knowledge spillover were considered as predictors to hospital biomedical

advancement. The results from the regression analysis suggest that hospital capacity to

absorb knowledge and knowledge spillover predict a significant amount of criterion

variance. The model was significant F (2, 176) = 52.637, p = 0.001, R2= .374.

Additionally, both variables were shown to contribute significantly to the model, (t=

2.344; p = 0.02 and t= 7.76; p = 0.000) consecutively.

Hospital productivity was also examined within a regression model in support of

hypothesis 3. Hospital capacity to absorb knowledge, hospital affiliation with a

university, the intellectual reputation of the affiliated university, and the distance of the

hospital in relationship to the affiliated university were considered as possible predictors

to hospital productivity. This model was also shown to be significant where F (4, 106) =

11.115, p = 0.001; R2= 0.295. Hospital capacity to absorb knowledge, and the

intellectual reputation of the affiliated university contributed significantly to the model

(t= 2.974; p = 0.004 and t= 2.937; p = 0.004), while a hospital being affiliated with a

university and the distance between the hospital and the affiliated university did not

contribute significantly to the model (t= 1.247; p = 0.215, t= -.176; p = 0.861).

Hospital productivity was further examined in relationship to hospital capacity to

absorb knowledge and university influence factor as predictor variables. In this case once

again, the model was shown to be significant, where university influence factor and

hospital capacity to absorb knowledge as predictors of hospital productivity yielded a
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large F value, F (2, 176) = 37.271, p = 0.001, R2 =0.296. Both predictor variables

contribute significantly to the model (t= 5.835, p = 0.001; t= 4.686, p = 0.001)

consecutively. In sum for the hospital data, the regression models examined were: (1)

Hospital biomedical advancement = Capacity to absorb knowledge and Knowledge

spillover; (2) Hospital productivity = Hospital capacity to absorb knowledge, Affiliation

with a university, Intellectual reputation of the affiliated university, and Distance to the

affiliated university; (3) Hospital productivity= University influence factor and Hospital

capacity to absorb knowledge. All three models were shown to be statistically significant

where the selected variables were shown to predict a significant amount of criteria

variance for hospital biomedical advancement and hospital productivity.

Organizational risk assessment plays a large role in how organizations move

through new ventures or stay in a particular situation. The goal of this study within this

context was to explore hospital productivity in the presence of hospital capacity to absorb

knowledge and university influence factor, using a Monte Carlo simulation. In this

scenario, a simulated model composed of 7000 simulated cases was created, for the same

purpose it has been done in other areas such as in medical related fields and business. In

this study the aim was to assess different possibilities of hospitals’ productivity, given

their capacity to absorb knowledge and the influence factor of the university nearby. As

stated earlier, the Monte Carlo simulation plan was based on the regression model of the

observed hospital cases where hospital productivity was predicted from hospital capacity

to absorb knowledge and university influence factor.

Figure 4 shows a scatter plot of the 7000 simulated cases. The graph shows a

positive direction for hospital productivity when hospital capacity to absorb knowledge
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increases; and the same results persist when the variable was in the presence of university

influence factor growth. This suggests that university influence factor, a researcher-

calculated variable, can be a strong key player in hospital productivity. This relationship,

of course, implies that university intellectual reputation and the university’s own

productivity may have a great influence on how well the surrounding hospitals do.

Evidently, consideration has to be given to the existence of partnership with the hospital

and other underlying factors that exist, whether internal or external. It is worth noting that

this relationship between hospital productivity and hospital capacity to absorb

knowledge, and with university influence factor is based on the third hospital related

regression model in which 29.6% of the variation was explained by the model.

Figure 4

Scatter Plots of Simulated Results
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In Figure 5, the simulated results for 1000 cases are compared with those of the

observed hospital cases. The plot between hospital productivity and hospital capacity to

absorb knowledge shows in the observed cases that there is a positive trend between

hospital productivity and capacity to absorb knowledge, as seen earlier in Table 9,

r=.458; p = 0.000, although as observed in the scatter plot, that relationship seems to be

hard to decipher as the points appear to be clustered in one particular area. In the

simulated cases this trend is also evident (see Figure 5a and compare the superimposed

data points which represent the observed hospital cases with the simulated hospital

cases).  In Figure 5b, the superimposed data points for the observed hospital cases are

more scattered, however it illustrates a significant relationship between hospital

productivity and university influence factor as shown in Table 9 (r= .402, p = 0.000).

Nonetheless, looking at the simulated hospital cases (Figure 5b), there is once again a

clear positive relationship between hospital productivity and university influence factor.
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Figure 5

Scatter Plots of Observed and Simulated Hospital Cases

If one further examines the current results from the Monte Carlo simulation, one

can gain a better understanding of the importance of hospital capacity to absorb

knowledge and university influence factor on hospital productivity.  University influence

factor is significantly correlated with hospital capacity to absorb knowledge (r= 0.252,

p = 0.000). Most hospitals within this study that attained a positive ROE for the year

2010, that had more than 100 scientific publications, and published within journals with

impact factors of 10 or more were able to attain a productivity value of 22 or more. The

maximum productivity value in this study was 70.457, while the minimum value was

-20.783.
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Having these observed values to extrapolate from, from the probability density,

the simulated model suggests that there is only 5% likelihood for hospitals to attain a

productivity score of 22 or more based on the scenario presented (graph not shown).

However, with the Monte Carlo simulation, if the values for which the outcome variable

depends on are further manipulated, there is a possibility to increase the odds of the

desired outcome. In this case, if the maximum value for university influence factor or

hospital capacity to absorb knowledge were to increase, it could increase the odds of a

hospital having a productivity of 22 or higher. These assumptions are critical and were

further explored in this study. In Figure 6a, the mean university influence factor (6.56)

was explored in comparison to the maximum value of influence factor observed in this

study which was 12.00. As shown in Figure 6a when in the presence of a university with

high influence factor, which is 12.00 in this case, a hospital has a 62% chance of attaining

a productivity value of 22.19 or more, as opposed to a 9% chance when the university’s

influence factor is within or below the mean. Changing the maximum values for hospital

capacity to absorb knowledge did not seem to have much effect on increasing chances for

hospitals to attain a higher productivity value. This simulated analysis suggests that

university influence factor had more effect on hospitals’ productivity than hospitals’

capacity to absorb knowledge. This could mean that university’s productivity and

influence on the hospital is more critical for hospital’s productivity considering the

complexity of hospital assets and human resources. This is a rather complex assumption

in which more investigations need to be conducted. The results could also mean that

hospital capacity to absorb knowledge is even more complex; so complex that the
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analyses within this study did not break it down enough to understand, and

underestimated the complexity of this variable.

Figure 6

Probability Density of Simulated Hospital Cases

a. influence factor iteration

b. capacity to absorb knowledge iteration
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The visual representation of the relationship between the university and the

hospital is of particular relevance to this study since the geographic visualization of the

relationships mentioned earlier can suggest many implications. For this part of this study,

only the hospitals and universities within the United States and the United Kingdom were

geographically visualized. The map illustrated in Figure 7 depicts the relationship

between university publications and hospital publications. Supporting the positive

correlation between university intellectual reputation and university publication, and

between university intellectual reputation and hospital publication, there seems to be an

indication that when the surrounding universities publish at a large quantity, this appears

to influence the number of publications produced by the hospitals nearby as well.

Figure 7

Map of the United States by University and Hospital Publications
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Along the same line, in support of hypothesis 4, Figure 8 illustrates that there

seems to be a cluster of hospitals with greater productivity around universities with

higher intellectual reputation. The areas that stand out the most are the northeastern

region of the United States, and within the state of Massachusetts in particular; and the

western region of the United States in certain areas in California.  To evaluate two

regions that show some differences in hospital productivity, the researcher elected to

compare some states in the northeastern region of the United States (Massachusetts, New

Jersey, New York, and Pennsylvania) with some states in the southeastern region of the

United States (Florida, Georgia, and Louisiana). To further evaluate the demographic

characteristics of the two regions within the United States, the U.S. Census Bureau

(2012) estimated that the number of individuals for all ages who were in poverty in the

state of Florida for 2010 was 3,048,621, while the state’s total population for that year

was 18,845,967, which yielded a 16.2% poverty level for the state. Along the same line,

831,512 were in poverty in Louisiana, while the state population for that year was

4,544,125, which put the state of Louisiana at 18.3% poverty level. Georgia had

1,698,004 in poverty and a population of 9,714,748 (17.5% poverty level). For the

northeast region of the United States, Massachusetts’ poverty for all ages was 724,845,

with a state population of 6,563,259, yielding 11% poverty level. New Jersey had a

population of 8,803,388 and included 883,643 individuals who were in poverty (10%

poverty level). New York had a population of 19,399,242, with 2,840,564 in poverty,

yielding a 14.6% poverty level. Finally, Pennsylvania had a population of 12,711,308

with 1,645,097 living in poverty (12.9% poverty level). These population dynamics,

among others not examined in this study are suggested to play a role in some part of the
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hospital productivity. Visually, when examining the northeastern region and the

southeastern region from Figure 8, it is clear that these regions differ in terms of hospital

productivity and university intellectual reputation. Along with university influence, the

current figure can allow us to infer that population dynamics may contribute to the

activities or productivity of the hospital. The same results observed in the United States

seem to persist in the United Kingdom; based on the illustration in Figure 9, there seem

to be clusters of hospitals with higher biomedical advancement around universities with

higher intellectual reputation.
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Figure 8

Map of U.S. Hospital Productivity and University Intellectual Reputation by State
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Figure 9

Map of UK Hospital Biomedical Advancement and University Intellectual Reputation

The Laboratory

The last examination of the region’s biomedical advancement was carried out on

the biomedical and pharmaceutical laboratories within the local area of the selected

universities.  The correlation results suggest that there is a significant and positive

correlation between the laboratory’s publication and the local university’s intellectual

reputation r= 0.326, p = 0.002. Laboratory affiliation, on the other hand did not seem to

be correlated with university intellectual reputation, r= 0.233, p = 0.148, while laboratory
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publication and affiliation were significantly correlated r= .664, p = 0.000. These results

are consistent with the hospital results where hospital publication was significantly

correlated with university intellectual reputation, but not the number of affiliations the

hospital has.



80

5. CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was four-fold; first, it was to determine factors

associated with promoting intellectual reputation, specifically among selected biomedical

departments worldwide within the university setting. Second, the study aimed to

determine if a relationship exists between the intellectual reputation of the selected

universities and doctoral graduates’ productivity in the biomedical sciences. Third, the

study aimed to examine the relationship between the university and the hospitals and

biomedical laboratories in the area; more specifically, to determine if any relationship

exists between university intellectual reputation and organizational productivity and

biomedical advancement in the local area. Fourth, the researcher sought to examine the

activities of the selected hospitals and their capacity to absorb knowledge to determine if

there was any relationship between the activities within the hospitals and biomedical

advancement and productivity.

The subsequent sections will cover a summary of the major findings along with a

discussion and implications of the results. The researcher will then make

recommendations for practice and future research studies.
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Summary of Findings

The findings of this study have many implications. More specifically, it is

important in the way the university and hospitals create, maintain, or sever relationships

with each other.  In regard to the first research question, a correlation analysis was

conducted to examine the relationship between intellectual reputation and the predictor

variables. The university’s research intensity, having a Nobel Laureate on staff, Hirsch

Index of the most prominent researcher on staff, scientific patent production, scientific

publications, being affiliated with a number of countries were shown to be significantly

correlated with university intellectual reputation (Table 2). Following this procedure, a

regression model was created with university intellectual reputation as the predicted

variable. The model was shown to be significant F (2, 176) = 36.511, p = 0.000. The

regression results suggest that the selected variables predicted a significant amount of

criterion variance.

The next phase of this study focused on university intellectual reputation and

student productivity. Student productivity was based on student graduates’ scientific

publications, citations, Hirsch Index, and scientific patents.  A correlation analysis was

conducted for these variables in relationship to university intellectual reputation.  All the

variables, except for scientific patent, were significantly correlated with university

intellectual reputation. This suggests that a university’s intellectual reputation seems to be

associated with the productivity of its graduates.

The next concern of this study was on the university’s intellectual reputation and

its contribution to organizational advancement.  To examine this relationship, hospitals

and biomedical and pharmaceutical laboratories in proximity to the university were
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studied.  Additionally, the internal capacity of the organization to absorb knowledge was

studied in respect to the organization’s biomedical advancement and its ability to be

productive. Knowledge spillover was also explored under the same conditions.

University’s intellectual reputation was positively correlated with hospital biomedical

advancement r= .445, p = 0.000. Additionally, hospital productivity was studied in

relationship with university intellectual reputation, where these variables were suggested

to be significantly correlated, r= .322, p = 0.000. On the same line, university intellectual

reputation was also suggested to be significantly correlated with hospital capacity to

absorb knowledge (r= 0.211, p = 0.005) and knowledge spillover (r=.242, p = 0.001).

The results from the regression analysis for  hospital biomedical advancement as

the predicted variable from hospital capacity to absorb knowledge and knowledge

spillover also show supporting evidence for these two variables as predicting a significant

amount of variance criterion, where the model was shown to be significant F (2, 176) =

52.637, p = 0.000. Hospital capacity to absorb knowledge, hospital affiliation with a

university, the intellectual reputation of the affiliated university, and the distance between

the hospital and the affiliated university were measured as possible predictors to hospital

productivity. This model was significant where F (4, 106) = 11.115, p = 0.000. Hospital

productivity was further examined for being dependent on hospital capacity to absorb

knowledge and university influence factor. With F (2, 176) = 37.271, p= 0.000, the

model was suggested to be significant.

Upon receiving these results, a Monte Carlo simulation was created for the

purpose of examining organizational risk associated with the chances of hospitals to be

productive. The Monte Carlo simulation was based on the last regression analysis
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conducted in which hospital productivity was predicted from hospital capacity to absorb

knowledge and university influence factor. Within the conditions provided in the current

study, the Monte Carlo simulation results suggest that there is a relationship between

hospital productivity and hospital capacity to absorb knowledge, as well as hospital

productivity and university influence factor. Nonetheless, under the conditions provided

by the researcher, hospitals only had a 5% chance to have a productivity of 22 (which is a

fairly good standing for the hospital) or higher. However, when university influence

factor is increased to the maximum value observed, hospitals had a 62% chance of

reaching a good productivity value. Under the same research question, the biomedical

and pharmaceutical laboratories were suggested to be publishing scientific materials at a

quantity that seem to significantly correlate with intellectual reputation, suggesting that

there is a significant relationship between the university’s intellectual reputation and the

scientific publication of the biomedical or pharmaceutical laboratory in the area.

A visual examination of the hospitals within the United States and the United

Kingdom using the Geographic Information System was also conducted in order to better

study hospitals in relationship to the university.  The illustrations from the maps

developed suggest that within the United States, when the surrounding universities

publish at a large quantity, this tends to influence the hospitals within the area to publish

a large quantity as well (Figure 7). Additionally Figure 8 shows that hospitals that are

more productive tend to cluster around universities with higher intellectual reputation.

The same results shown in Figure 7 persisted in the United Kingdom (Figure 9), in which

clusters of hospitals with higher biomedical advancement were observed in and around

the London area, which is where a number of universities with higher intellectual
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reputation are located.  These results, as a whole, suggest that the intellectual reputation

of the university contributes tremendously to student productivity and the advancement

of the local area.

Discussion

Several parts of this study support prior research; however, some explorations of

this study were not well examined in the literature and will need to be further studied.

The conditions the university lay out in order to contribute to hospital biomedical

advancement and its productivity will need to be looked at in more depth, although

previous studies such as in Fischer and Varga (2003), Cassia and Colombelli (2008), and

Feldman and Desrochers (2003) examined the role of the university on the economic

advancement of the local area, and the results from these studies were consistent with the

questions addressed here.

To press on the issue of population dynamics and the characteristics of a

particular area, Cassia and Colombelli (2008) propose that specific characteristics in a

region can contribute to the promotion of economic advancement of the organization.

Additionally, de Faria et al. (2010) state that organizations in the economic world tend to

cooperate with each other, and when they do, they are exposed to a stronger flow of

knowledge than organizations that do not create affiliations or partnerships with each

other. Supporting these findings, the correlation results from this study suggest that

hospital affiliation with any university is associated with the intensity of knowledge

spillover within the hospital (r=0.531, p = 0.000). It is true that universities as well as

hospitals and biomedical laboratories will exploit and explore new opportunities in order

to gain market strength and to better serve the consumer. The present study suggests that
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there are complexities involved in the relationships that these organizations create, as

well as within the activities they carry out. Nonetheless, it is evident that an

organization’s productivity is favorable to the community’s economic advancement.

This study encountered many limitations, especially in terms of the hospitals.

First, the necessary data were difficult to find on the hospitals worldwide. The researcher

developed two surveys that contained specific questions that measured biomedical

advancement, capacity to absorb knowledge, and knowledge spillover. The researcher

encountered a lack of transparency such that only a handful of individuals answered the

hospital surveys. The survey was broad in nature, in that it asked technology, staff,

equipment, hiring, scientific publications, and research related questions such that one

particular individual may have a hard time answering, unless that individual was at the

very top of the administrative ladder and was aware of the majority of activities within

the hospital. Such difficulty in collecting data from personnel within the hospital led to

the researcher contacting several other organizations such as the National Institute of

Health (NIH), the United States government, and the Medicaid office, to name a few, in

order to find the necessary information for the study. These organizations claimed they

did not collect the requested information on hospitals, which caused the researcher to

have to resort to seeking other sources.

It is also useful to know that when calculating biomedical advancement, the

researcher did not take how many publications the hospital published within a specific

journal. Another useful way to calculate this variable would be to multiply the number of

publications the hospital published within the journal by the journal’s impact factor. The

researcher found that in some cases, a hospital only published once within a journal with
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a high impact factor while the remainder of the publications were within journals with

much lesser journal impact factors, while another hospital may have had published 200

times or more within the journal with high impact factor. Although it is not believed that

this greatly impacted the outcomes of this study, it probably is a good consideration for

calculating biomedical advancement for future studies.

Another important issue to address is that although tax information was obtained

for only the year 2010 on the selected hospitals, prior tax years were briefly examined for

each hospital and it appears as though each hospital maintained a trend in assets, revenue,

net income, and the amount spent on technology and conferences. In other words, in

recent years, most hospitals’ financial activities did not significantly change across the

years.

Some perplexing observations that were apparent while conducting this study

concerned a hospital in an area where universities are productive and other hospitals are

productive, but that hospital was not highly productive, had a negative ROE, and was not

publishing at a large quantity. The hospital did not seem to have a relationship with the

universities nearby or any other universities. In a different scenario, another hospital in

proximity to low ranked universities was affiliated with a university located in another

state more than 200 miles away. That hospital, although it did not produce any scientific

publications, had a positive ROE. Another hospital was affiliated with more than one

higher ranked university and was well published in terms of scientific publications, but

had a negative ROE for 2010. These complexities underlying the data relative to the

hospitals, their activities, and their relationships with other organizations need further

examination. Another component mentioned in this study but which was not explored are
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population dynamics and the demographic composition of the population that the hospital

primarily serves.

The results within this study propose that hospitals need to work on building their

capacity to absorb knowledge and to also consider creating strong partnerships with

universities that are highly productive. It may be difficult for smaller hospitals to gain

such partnerships, however, there are possibilities at different levels, and a partnership

can begin at any point if it is sought. In some cases, it may not be the university’s goal to

affiliate with a local hospital or to invest its resources to sustain that partnership.

Hospitals investing in their capacity to absorb knowledge will of course be a business

decision, just like any other decision that requires assessment of risk and uncertainty.

Financial analyses and other risk assessments will have to take place and have to be taken

into great consideration.  It is understood that hospital biomedical advancement and

hospital productivity are the results of rather complex activities, relationships,

environmental and internal factors, nonetheless, an in-depth examination of these

variables can bring a clearer understanding to the organization as well as the partnering

organizations that may contribute to its success.

Conclusions

The results from this study seem to align well with the literature, first within the

context of university intellectual reputation, student productivity, then with

organizational capacity to absorb knowledge, and with knowledge spillover. The results

of this study suggest that when the university is highly productive it tends to influence its

students and the surrounding organizations to be productive as well. Based on the results

of this study, the researcher is not arguing that only the students and the local
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organizations benefit from the productivity of the university, but it is believed that this is

a two way street where the university benefits from other organizations and its graduates

as well.
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State
FIPS

Postal
Code Name

Poverty
Estimate
All Ages

90% CI
Lower
Bound

90% CI
Upper
Bound

Poverty
Percent
All Ages

90% CI
Lower
Bound

90% CI
Upper
Bound

Median
Household

Income

90% CI
Lower
Bound

90% CI
Upper
Bound

00 US United States 46,215,956 45,975,650 46,456,262 15.3 15.2 15.4 50,046 49,982 50,110
01 AL Alabama 883,078 867,106 899,050 18.9 18.6 19.2 40,538 40,081 40,995
02 AK Alaska 76,850 72,916 80,784 11.0 10.4 11.6 63,456 62,061 64,851
04 AZ Arizona 1,105,075 1,082,284 1,127,866 17.6 17.2 18.0 46,787 46,278 47,296
05 AR Arkansas 529,710 518,451 540,969 18.7 18.3 19.1 38,413 37,806 39,020
06 CA California 5,785,036 5,732,381 5,837,691 15.8 15.7 15.9 57,664 57,316 58,012
08 CO Colorado 651,744 636,277 667,211 13.2 12.9 13.5 54,411 53,726 55,096
09 CT Connecticut 348,881 338,009 359,753 10.1 9.8 10.4 64,321 63,372 65,270
10 DE Delaware 104,456 99,719 109,193 11.9 11.4 12.4 56,172 55,018 57,326
11 DC District of Columbia 107,279 102,359 112,199 18.8 17.9 19.7 60,729 59,552 61,906
12 FL Florida 3,048,621 3,014,414 3,082,828 16.5 16.3 16.7 44,390 44,071 44,709
13 GA Georgia 1,698,004 1,670,505 1,725,503 18.0 17.7 18.3 46,252 45,792 46,712
15 HI Hawaii 146,923 140,582 153,264 11.1 10.6 11.6 62,774 61,500 64,048
16 ID Idaho 244,009 236,574 251,444 15.8 15.3 16.3 43,259 42,380 44,138
17 IL Illinois 1,732,129 1,707,831 1,756,427 13.8 13.6 14.0 52,967 52,541 53,393
18 IN Indiana 960,402 942,495 978,309 15.3 15.0 15.6 44,616 44,178 45,054
19 IA Iowa 368,965 358,787 379,143 12.5 12.2 12.8 48,031 47,421 48,641
20 KS Kansas 374,677 364,111 385,243 13.5 13.1 13.9 47,888 47,096 48,680
21 KY Kentucky 796,208 781,996 810,420 18.9 18.6 19.2 40,089 39,605 40,573
22 LA Louisiana 831,512 816,150 846,874 18.8 18.5 19.1 42,510 41,852 43,168
23 ME Maine 169,076 163,712 174,440 13.1 12.7 13.5 45,882 45,042 46,722
24 MD Maryland 559,937 545,242 574,632 9.9 9.6 10.2 68,933 68,100 69,766
25 MA Massachusetts 724,845 708,843 740,847 11.4 11.1 11.7 62,133 61,734 62,532
26 MI Michigan 1,614,110 1,591,644 1,636,576 16.7 16.5 16.9 45,354 45,052 45,656
27 MN Minnesota 595,485 583,230 607,740 11.5 11.3 11.7 55,422 54,978 55,866
28 MS Mississippi 644,156 629,743 658,569 22.4 21.9 22.9 36,992 36,390 37,594
29 MO Missouri 888,471 872,312 904,630 15.3 15.0 15.6 44,306 43,819 44,793
30 MT Montana 146,257 140,628 151,886 15.2 14.6 15.8 42,303 41,341 43,265
31 NE Nebraska 224,530 216,981 232,079 12.6 12.2 13.0 48,415 47,608 49,222
32 NV Nevada 393,605 380,753 406,457 14.8 14.3 15.3 50,987 50,262 51,712
33 NH New Hampshire 110,096 104,548 115,644 8.6 8.2 9.0 60,917 59,946 61,888
34 NJ New Jersey 883,643 865,040 902,246 10.2 10.0 10.4 67,719 67,011 68,427
35 NM New Mexico 400,779 389,376 412,182 19.8 19.2 20.4 42,186 41,505 42,867
36 NY New York 2,840,564 2,806,009 2,875,119 15.0 14.8 15.2 54,047 53,677 54,417
37 NC North Carolina 1,618,597 1,596,260 1,640,934 17.4 17.2 17.6 43,417 43,053 43,781
38 ND North Dakota 81,176 77,653 84,699 12.5 12.0 13.0 48,878 47,689 50,067
39 OH Ohio 1,771,404 1,746,640 1,796,168 15.8 15.6 16.0 45,151 44,860 45,442
40 OK Oklahoma 613,067 601,462 624,672 16.8 16.5 17.1 42,076 41,680 42,472
41 OR Oregon 596,649 584,161 609,137 15.8 15.5 16.1 46,536 46,018 47,054
42 PA Pennsylvania 1,645,097 1,623,338 1,666,856 13.4 13.2 13.6 49,245 48,824 49,666
44 RI Rhode Island 143,132 137,475 148,789 14.1 13.5 14.7 52,053 51,032 53,074
45 SC South Carolina 813,939 798,358 829,520 18.1 17.8 18.4 42,117 41,702 42,532
46 SD South Dakota 114,798 110,248 119,348 14.6 14.0 15.2 45,861 44,856 46,866
47 TN Tennessee 1,102,643 1,082,798 1,122,488 17.8 17.5 18.1 41,461 41,068 41,854
48 TX Texas 4,411,273 4,369,830 4,452,716 17.9 17.7 18.1 48,622 48,281 48,963
49 UT Utah 362,689 352,107 373,271 13.3 12.9 13.7 54,740 54,150 55,330
50 VT Vermont 74,720 71,172 78,268 12.4 11.8 13.0 49,393 48,253 50,533
51 VA Virginia 865,746 848,523 882,969 11.1 10.9 11.3 60,665 60,222 61,108
53 WA Washington 890,251 871,019 909,483 13.5 13.2 13.8 55,584 55,058 56,110
54 WV West Virginia 327,459 318,847 336,071 18.2 17.7 18.7 38,241 37,435 39,047
55 WI Wisconsin 731,564 717,890 745,238 13.2 13.0 13.4 48,974 48,492 49,456
56 WY Wyoming 62,636 59,142 66,130 11.4 10.8 12.0 53,757 52,440 55,074

Source: U.S. Census Bureau, Small Area Estimates Branch

Table 1: 2010 Poverty and Median Income Estimates - States
Source: U.S. Census Bureau, Small Area Estimates Branch
Release date: 11.2011
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Census Estimates Base 2010 2011 2012
United States 308,745,538 308,747,508 309,326,225 311,587,816 313,914,040
Northeast 55,317,240 55,317,245 55,376,926 55,597,646 55,761,091
Midwest 66,927,001 66,927,489 66,972,135 67,145,089 67,316,297
South 114,555,744 114,557,147 114,853,800 116,022,230 117,257,221
West 71,945,553 71,945,627 72,123,364 72,822,851 73,579,431

.Alabama 4,779,736 4,779,745 4,784,762 4,803,689 4,822,023

.Alaska 710,231 710,231 714,046 723,860 731,449

.Arizona 6,392,017 6,392,015 6,410,810 6,467,315 6,553,255

.Arkansas 2,915,918 2,915,919 2,922,750 2,938,582 2,949,131

.California 37,253,956 37,253,956 37,334,410 37,683,933 38,041,430

.Colorado 5,029,196 5,029,196 5,048,472 5,116,302 5,187,582

.Connecticut 3,574,097 3,574,097 3,576,616 3,586,717 3,590,347

.Delaware 897,934 897,934 899,824 908,137 917,092

.District of Columbia 601,723 601,723 604,989 619,020 632,323

.Florida 18,801,310 18,802,690 18,845,967 19,082,262 19,317,568

.Georgia 9,687,653 9,687,663 9,714,748 9,812,460 9,919,945

.Hawaii 1,360,301 1,360,301 1,364,274 1,378,129 1,392,313

.Idaho 1,567,582 1,567,652 1,570,784 1,583,744 1,595,728

.Illinois 12,830,632 12,830,632 12,840,459 12,859,752 12,875,255

.Indiana 6,483,802 6,483,800 6,489,856 6,516,353 6,537,334

.Iowa 3,046,355 3,046,857 3,050,321 3,064,097 3,074,186

.Kansas 2,853,118 2,853,116 2,858,837 2,870,386 2,885,905

.Kentucky 4,339,367 4,339,357 4,346,655 4,366,814 4,380,415

.Louisiana 4,533,372 4,533,372 4,544,125 4,574,766 4,601,893

.Maine 1,328,361 1,328,361 1,327,585 1,328,544 1,329,192

.Maryland 5,773,552 5,773,552 5,787,998 5,839,572 5,884,563

.Massachusetts 6,547,629 6,547,629 6,563,259 6,607,003 6,646,144

.Michigan 9,883,640 9,883,635 9,877,670 9,876,801 9,883,360

.Minnesota 5,303,925 5,303,925 5,310,737 5,347,299 5,379,139

.Mississippi 2,967,297 2,967,299 2,969,137 2,977,457 2,984,926

.Missouri 5,988,927 5,988,924 5,996,092 6,008,984 6,021,988

.Montana 989,415 989,417 990,735 997,667 1,005,141

.Nebraska 1,826,341 1,826,341 1,829,696 1,842,234 1,855,525

.Nevada 2,700,551 2,700,552 2,703,758 2,720,028 2,758,931

.New Hampshire 1,316,470 1,316,469 1,316,843 1,317,807 1,320,718

.New Jersey 8,791,894 8,791,898 8,803,388 8,834,773 8,864,590

.New Mexico 2,059,179 2,059,180 2,064,767 2,078,674 2,085,538

.New York 19,378,102 19,378,104 19,399,242 19,501,616 19,570,261

.North Carolina 9,535,483 9,535,471 9,559,048 9,651,103 9,752,073

.North Dakota 672,591 672,591 674,363 684,740 699,628

.Ohio 11,536,504 11,536,502 11,538,290 11,541,007 11,544,225

.Oklahoma 3,751,351 3,751,354 3,759,482 3,784,163 3,814,820

.Oregon 3,831,074 3,831,073 3,838,212 3,868,229 3,899,353

.Pennsylvania 12,702,379 12,702,379 12,711,308 12,743,948 12,763,536

.Rhode Island 1,052,567 1,052,567 1,052,769 1,050,646 1,050,292

.South Carolina 4,625,364 4,625,364 4,635,835 4,673,348 4,723,723

.South Dakota 814,180 814,180 816,223 823,593 833,354

.Tennessee 6,346,105 6,346,113 6,356,673 6,399,787 6,456,243

.Texas 25,145,561 25,145,561 25,242,683 25,631,778 26,059,203

.Utah 2,763,885 2,763,885 2,775,093 2,814,347 2,855,287

.Vermont 625,741 625,741 625,916 626,592 626,011

.Virginia 8,001,024 8,001,031 8,025,105 8,104,384 8,185,867

.Washington 6,724,540 6,724,543 6,743,636 6,823,267 6,897,012

.West Virginia 1,852,994 1,852,999 1,854,019 1,854,908 1,855,413

.Wisconsin 5,686,986 5,686,986 5,689,591 5,709,843 5,726,398

.Wyoming 563,626 563,626 564,367 567,356 576,412

Puerto Rico 3,725,789 3,725,789 3,721,208 3,694,093 3,667,084

Table 1. Annual Estimates of the Population for the United States, Regions, States, and Puerto Rico:
 April 1, 2010 to July 1, 2012

Geographic Area Population Estimates (as of July 1)April 1, 2010

Note: The estimates are based on the 2010 Census and reflect changes to the April 1, 2010 population due to the Count Question Resolution program and geographic
program revisions. See Geographic Terms and Definitions at http://www.census.gov/popest/about/geo/terms.html for a list of the states that are included in each region.
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Total Number of All U.S. Registered * Hospitals 5,724

Number of U.S. Community ** Hospitals 4,973

Number of Nongovernment Not-for-Profit
Community Hospitals 2,903

Number of Investor-Owned (For-Profit)
Community Hospitals 1,025

Number of State and Local Government
Community Hospitals 1,045

Number of Federal Government Hospitals 208

Number of Nonfederal Psychiatric Hospitals 421

Number of Nonfederal Long Term Care Hospitals 112

Number of Hospital Units of Institutions
(Prison Hospitals, College Infirmaries, Etc.) 10

Total Staffed Beds in All U.S. Registered * Hospitals 924,333

Staffed Beds in Community** Hospitals 797,403

Total Admissions in All U.S. Registered * Hospitals 36,564,886

Admissions in Community** Hospitals 34,843,085

Total Expenses for All U.S. Registered * Hospitals $773,546,800,000

Expenses for Community** Hospitals $702,091,034,815

Number of Rural Community** Hospitals 1,984

Number of Urban Community** Hospitals 2,989

Number of Community Hospitals in a System *** 3,007

Number of Community Hospitals in a Network **** 1,535

The American Hospital Association conducts an annual survey of hospitals in
the United States. The data below, from the 2011 annual survey, are a
sample of what you will find in AHA Hospital Statistics, 2013 edition.
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