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Abstract

The purpose of this content analysis was to asodfia prevalent themes, the challenges
that exist, and future directions for the mediaébrmatics (Ml) discipline. Seven scholarly
publications from the ten-year period of 2002 —2plovided the data. The sample included
article texts collected from the MI publicatiodsurnal of the American Medical Informatics
AssociatiomandInternational Journal of Medical InformaticsAdditional data came from the
related fields of medicine—thmurnal of the American Medical Associatiand theNew
England Journal of Medicireand management information system#anagement
Information Systems Quarterlypformation Systems ReseareindCommunications of the
Association for Computing Machineryll published article texts were collected frome
medical informatics publications for the ten-yearipd. For those publications outside the Ml
mainstream, advanced Boolean queries identifiedestfor collection. A total of 2,315 (2,188
retained) article texts were collected.

The first phase of the mixed methods approach wastgative and applie@entering
Resonance Analys{€RA) to identify themes in the data. The secapdlitative phase
consisted of manually coding the data against caiegdeveloped from the literature review.
CRA identified the following 10 themes emergingrirthe literature: Analytics, Healthcare
Operations and Standards (with sub-themes: OpastiRroject Management, and Information
Assurance), Aspects of Healthcare Research, Kngel@dansfer/Communication (with sub-

themes: Extending beyond the Organization, Intexm#tie Organization, and Patient-Provider),



Perceptions and Managing Expectations of Infornmafiechnology, and Software as a Service.
The manual coding identified that 34.5% (755) @ #nticles addressed Information
Architecture, 34.1% (746) addressed Direct Pattare, 10.7% (235) addressed Relative
Advantage, and 1.9% (41) addressed Compatibility.

The themes discovered indicate the discipline atssif information systems, healthcare,
operations, communication, and research. Withigointg legislation emphasizing digital health
records, dramatic and rapid improvements in tedgygland the ever-pressing need to reduce
healthcare costs, the demand for medical informmagigreat. Although medical informatics is
young, the field has established deep roots atagfoundation. We can expect to see
persistent growth and maturity in the field as $ai®) practitioners, and researchers continue to

provide value to the healthcare of the ever-inarepgopulation.
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Chapter 1. Introduction

It is remarkable that the first personal computkdsnot appear until the late
1970s, and the World Wide Web dates only to thyd®90s. This dizzying rate of
change, combined with equally pervasive and reimiary changes in almost all
international health care systems during the pasade, makes it difficult for health care
planners and institutional managers to try to eetd both issues at once (E. H.
Shortliffe & Cimino, 2006, p. 4)

Providing adequate healthcare to the populace is@easingly difficult task.
Healthcare providers contend with ever-increasosjs; restrictive regulations and medical
identity theft. Other challenges facing healthgam@viders include patients with access to a
virtually limitless supply of frequently contradiecty (Damman, 2010) medical information
available via the internet and minimal standardiraacross healthcare facilities (Weigel,
Landrum, & Hall, 2009). Healthcare professiongtsyernment agencies, and other entities
recognize that much of healthcare providers’ timggent on activities related to information
management (E. Shortliffe, Perreault, Wiederholdsaan, 2001). As a result, these bodies
embrace health information systems, as a partiz@ea, if not a complete cure-all, to the
aforementioned healthcare challenges (Angst anaweda2009; Carroll, et al., 2002; Koonitz
and Powner, 2007). The recently enacted AmericasofRery and Reinvestment/Health
Information Technology for Economic and Clinicaldfth Act (ARRA/HITECH; "American
Recovery and Reinvestment Act of 2009,"), Patientdetion and Affordable Care Act

(PPACA,; ("Patient Protection and Affordable Card,A2010), and Health Care and Education

Reconciliation Act (HCERA, "Health Care and EducatReconciliation Act ", 2010) provide



examples of the magnitude of emphasis the UnitateSgovernment places on improving
healthcare for U.S. citizens.

The ARRA/HITECH Act, in particular, provides specifuidelines that healthcare
providers and healthcare facilities will need toetn® qualify for payment under the Medicare
and Medicaid Electronic Health Record incentivegoam. Deemedieaningful usethe act
specifically provided criteria that require the wdelectronic/digital healthcare information
systems. For example, the act requires the useaputerized physician order entry (CPOE)
system for medication orders and requires thaeptibe provided an electronic copy of their
health information (e.g., electronic health recprghon request. Other, less explicitly described
objectives related to electronic information systéntlude maintaining active medication lists
for patients, maintaining active medication alleligys for patients, and recording patient
demographics.

Of the three laws listed above, the ARRA/HITECH Aests the most dramatic direct
effect on the use of healthcare information systeAdthough not as specifically focused on
information systems, objectives of PPACA such gsrawving patient safety and reducing
medical errors ("Patient Protection and AffordaBlre Act,” 2010, p. SEC. 2717. Ensuring the
Quality of Care), also relate to the use of healtdénformation systems and provide material for
academic research and practitioner attention.

In defining healthcare information systems, infotimatechnology artifacts and their
nomological networks are included. Healthcarenmfation systems are comprised of systems
that support the healthcare mission and includeesyssuch as electronic medical/health
records, computerized physician order entry systefimscal decision support systems, and

personally-controlled health records—a health r@@mcessible by both physicians and patients



through varied means (Halamka, Mandl, & Tang, 2008)ese healthcare information systems
are tools used—in an ideal world—to improve thécefhcy and effectiveness of providing
healthcare to patients.

The field of research perhaps in the best postbamnalyze the benefits and intricacies of
healthcare information systems is the field of mabinformatics, which is at the intersection of
healthcare and computing. At its most generallJewedical informatics can be described as the
fusion of medicine and information systems appl@tnprove and enhance patient care.
Although research involving healthcare, medicime technology can be found predating their
1974 book, Anderson, Gremy, and Pages (1974) atldr0d986) provided one of the earliest
mentions of the terrmedical informaticsborrowing from the French termformatique a term
frequently used regarding medical information sceenMedical informatics as defined by
Shortliffe, Perreault, Wiederhold, and Fagan i€“study of biomedical information and its use
in decision-making” (2001, p. xi). Collen sharedraader view of medical informatics that
includes:

medical computing, medical data processing, mediéatmation processing, medical

computer science, medical information science, oadnformation systems, healthcare

information systems, computer hardware and softwamamputer and information
technology, applications of computers and datagesiag to the health services and

basic concepts of computer science fundamentaktticime (Collen, , p. 779).

Haux, in his reflection on the medical informatitiscipline, provides his own self-

assessed definition of medical informatics, “thecgiline, dedicated to the systematic processing

of data, information and knowledge in medicine aedlth care (Haux, 2010, p. 600).

Problem Statement

Scholars and practitioners of medical informati@s/rhe capable of providing solutions

to the challenges in healthcare required by ARRAECH, HCERA, and PPACA. While some
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fields of research have existed for centuries (@kilosophy, Mathematics; Cajori, 1991; Dunn,
2007; Marias, 1967) medical informatics researddtilsin comparative infancy. With origins
dating back only to the early 1960s, the field @dical informatics can be considered to be in
its early stages.

Much of the research in medical informatics hasmaftted to answer the question of what
occurred (describing the phenomenon) while leattreganswer to the question of why it
occurred (applying theory) to the readers’ speautatlf one considers research literature as a
continuing discussion about a field or topic, thare occasions when a pause in the conversation
is necessary during which participants reflect arier discussions and reassess future directions
for the conversation. The current study provideg@ortant opportunity to pause in the
medical informatics conversation and address aspéthe research in field.

“The goal of any science is the production of clative knowledge” (Hunter &

Schmidt, 2004, p. 17). In the sciences, the gbedsearch is to expand and accumulate
knowledge in the field (Cooper, 2010). Scholatsrapt to learn more about a particular topic
by analyzing previously performed studies and bygoming additional studies. This iterative
and repetitive process has led to the current stdtes field of medical informatics. However,

to provide for the continued growth of a fieldisimportant to summarize a body of knowledge,
lest the number of studies performed in the fiedddimes too large for an individual scholar to
consume. Without such summaries, the sheer vobirseidies becomes a morass for an
individual scholar to wade through and slows thegpess of new knowledge. For example, a
simple query for the Boolean phrase “medic* AND qutf” (the asterisk equating to a wild
card value) in publications between 1950 and 198@erad with substantially fewer computers

than today—yields 5,594 citations. Update thedetr include the years 1980 through 1990



and the number of citations jumps to over 26,000 unreasonable to expect that each medical
informatics researcher would read and absorb tge volume of material.

A more manageable approach is to combine studiesingle consolidated reviews
based on a particular theory, topic, or theme.s Bhudy analyzes medical informatics from the
perspective of the medical informatics literatunel ¢ghe related fields of the management
information systems and the field of medicine. ihgka sequential mixed methods approach to
the analysis, this study synthesizes medical in&pigs literature from two leading journals in
the field of medical informatics, three leadingroails from the closely related field of
management information systems, and two leadingaakurnals. Using these publications,
the study extracts themes from the literature dedtifies challenges and future directions for

the discipline. The next section elaborates os flarpose in detail.

Purpose

The purpose of this content analytic inquiry isszertain what has been written about
medical informatics since its inception in the 19@0dd to extend the discussion based on current
themes of discussion in the literature. The quatnte first phase of the investigation takes a
semi-automated approach through noun phrase igenittn. The second, qualitative phase is
manual coding using categories developed fromitéeature review. Investigating a broad
spectrum of seven scholarly publications includimgdical informatics, management
information systems, and medical publications stuely attempts to discern the state of the field
over the past decade—from 2002 to 2011—and disativections for future research in the

academic and practitioner-based areas of the madfoamatics field.



Research Questions

This study elicits from the literature the themed #opics that are the most frequent
topics of conversation in the professional literatuThis study examines several aspects of the
journal publications and the articles that focuswedical informatics to ascertain what
difficulties, if any, have arisen in the field, amthat is the context of the current trends in
medical informatics. Specifically, given that firdd of medical informatics continues to grow
and appears to have a bright future, this studyrgits to answer the following research
guestions and sub-questions:

Research Question 1: What themes have emerged meHical informatics discipline

since its inception in the 1960s?

Sub-question 1: What themes emerge from the meuticaimatics literature?

Sub-question 2: What medical informatics themesrgem&om the related fields of

medicine and management information systems?

Research Question 2: What challenges exist fomiadical informatics discipline?

Research Question 3: What future directions doeditdrature suggest for the field?
These questions provide the basis for the codidgaaalysis of the sample of articles collected.
The diffusion of innovations theory provides thedretical framework for the research. Using
both qualitative and quantitative content analyséthods, the research obtains and analyzes the

data. Subsequent chapters explain in detail hethhteoretical framework and analytic methods.

Worldview

The approach to this study is guided by a pragnatitdview; rather than being tied to a

specific approach, the methods used are approj@sted on the research problem or the



research questions. In essence, pragmatists eehavwhat works at the time of the research
study is appropriate. The focus remains on thearet questions and the methods used maybe
guantitative, qualitative, or mixed methods. Bgusing on the research questions and not the
methods in particular, pragmatic researchers hesa&tey freedom to choose what works at the
time of the study and what is necessary for théqudar study. The pragmatic worldview

allows a focus on the problem at hand and usesaay available techniques and approaches as
necessary in an attempt to answer the problemsh@negsearch questions (Rossman and
Wilson, 1985, from Creswell & Clark, 2007, p. 10).

While mixed methods studies are gaining in poptyiathere are detractors of this
research approach. The primary argument agaieshiked method design lies in what is
consideredncompatibility theory This theory asserts that qualitative methodscuraohtitative
methods “cannot and should not be mixed” (Bran2605; Howe, 1988, p. 14; Onwuegbuzie &
Leech, 2005). Evaluating the opposing reasonimgagehes (logic) to the methods, deductive
for quantitative and inductive for qualitative, améght consider the premise behind
incompatibility theory plausible. Likewise, thegitvist worldview behind quantitative studies
seems to contrast starkly that of the interpretiarsd constructivist worldviews found in
gualitative research. However, “the goal of mixeethods research is not to replace either of
these approaches but rather to draw from the gtrieragnd minimize the weaknesses of both in
single research studies and across studies” (Jol&sanwuegbuzie, 2004, pp. 14-15).

Likewise, Brannen (2005) argues that there is megezlap than dissimilarity between the two
methods and encourages readers to reconcile thdigars that associate, for example, numbers
with quantitative methods and words with qualitatimethods. Taking the mixed methods

approach, researchers can use qualitative datgppmsg quantitative results and vice versa.



Scholars synthesizing the two methods are ableaige a rich understanding of phenomena of

interest.

Significance of the Study

The study is significant for at least three reasdfisst, this study constitutes a starting
point from which to understand the evolution of thedical informatics. Starting with a
literature review to examine the field from itsrsia the 1960s, the study analyzes the literature
of the last decade to identify themes and futurecatiions the field may take. Further, despite
several calls to study medical informatics disomssioutside the boundaries of journals focused
specifically on medical informatics, there is adroi such research. This study identifies
emerging themes related to medical informaticsganaing the medical, management
information systems, and the medical informatiteréture.

Another contribution of this study lies in its metts. This study introduces a
guantitative method of text analystgntering resonance analygiSorman, Kuhn, McPhee, &
Dooley, 2002), to the field of medical informatic€entering resonance analysis (CRA) is a
“text analysis method that has broad scope ancerand can be applied to large quantities of
written text and transcribed conversation. It idfeeg discursively important words and
represents these as a network, then uses struptopmrties of the network to index word
importance” (Corman, et al., 2002, p. 157). As rbaynferred from the previous quote, CRA
can handle voluminous bodies of text that woul@keemely difficult for manual, human
coding.

Those who work in the information systems or mddidarmatics areas will find this
study useful because it provides current, viabiermation about the field that enables the

practitioners to be more effective. Summarizing tiedical informatics literature to date offers
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a concise, meaningful understanding of the statheotliscipline. Without such summaries, the
sheer volume of studies becomes unwieldy for aiviidaal scholar to consume. The results of
this study provides a single consolidated review esference point for the field and its current
state.

As previously stated in the purpose of the stuldy,three-fold substantive objectives of
this study are (a) to understand the themes andsttipat have received heightened attention in
the literature, (b) to discern the state of the ice@dnformatics field from 2002 to 2011, and (c)
to discover possible directions for future reseancthe academic and practitioner-based field of
medical informatics. While there are several dgéns of medical informatics, the prevailing
definitions include aspects of information systaniefmation technology used to provide more
effective and/or efficient medical care of patiefAaderson, et al., 1974; Collen, 1986; E.
Shortliffe, et al., 2001). For the purpose of ttisdy, medical informatics is definedthe
discipline dedicated to the systematic processanglysis, and dissemination of health-related
data through the application of digital informatiegstems (computers) to various aspects of

healthcare, research, and medicine

Summary of Chapter One and Outline of Chapters

Chapter One

Chapter One introduced the research study, provadeaverview of the context of the
study, introduced the research questions, the sebtipns, and the research problem. The
chapter discussed the objectives of the study @nated the topic within the literature of
medical informatics, medicine, and management méion systems. Chapter One introduced

the significance of the study and explained thgmaic worldview used in the study.



Chapter Two

Chapter Two addresses the literature review. Bmxthe study is a content analysis of
the medical informatics literature, the literatuegiew will differ from standard research
designs. Chapter Two provides an overview of tleeioal informatics literature, develops the
context in which the issue resides, the types estjans that have been asked and answered, and
the types of research methods previously appligte research concludes the review of the
literature with a discussion of theory developmemd the overriding theory for this study.
Diffusion of Innovationss an appropriate theory for understanding thevgran the medical
informatics literature and Chapter Two providestaded discussion of this theory in the

context of this study.

Chapter Three

Chapter Three describes the research design ®ostildy. The chapter includes an
overview of content analysis, a discussion of tlehmod of data collection, an explanation of the
two methods of analysis—quantitative and qualigthand a discussion of the applicability of
the methods to this study. In discussing the dallaction, Chapter Three addresses the body of
texts sampled and the inclusion and exclusionraite=rom the data collection discussion, the
chapter explains the coding categories, and thedikdy to be achieved. The chapter provides
an explicit enumeration of the steps in the conderalysis procedure, including the data cleaning

and the identification of the themes and topicsiifieation, and the inferential techniques used.
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Chapter Four

The findings chapter, Chapter Four, presents thatseof the quantitative and qualitative
analyses performed. This chapter shares the nsafiifidings, those that are explicitly visible,
presented in the form of themes derived from a tjiadive semi-automated approach, centering
resonance analysis and exploratory factor analy®isceeding from the qualitative analysis—a
manual coding of the texts—the chapter developditicengs and presents them as primary
themes of research that were identified durinditBmture review and adapted during the

subsequent methodological stage.

Chapter Five

Chapter Five summarizes and concludes the dissertay providing the interpretation
and discussion of the findings. This chapter askle the strengths and limitations of this study
and elaborates on future directions for researctineriopic. The chapter closes by summarizing
the chapter and study with general comments abeutdntributions to both the academic field

and the practitioner aspects of medical informatics
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Chapter 2. Literature Review

The literature review is used for, among otherdhijrbuilding a cohesive understanding
of previous research in a particular field, filliggps in the scholarly discussion of the topic, and
setting the framework for situating a study in ateat in which the issue resides (Cooper, 2010;
Creswell, 2009; Krippendorff, 2004). The chaptegibs the chapter with a discussion of the
origins of digital information systems. The dissios proceeds to integrate healthcare and
information systems history, thereby providing awerstanding of the origins of the field of
medical informatics. Following this discussiore tthapter overviews several key analyses of
medical informatics literature and the outcomethote studies to allow the reader to gain a

historical perspective of the development and tlogvth of the field since inception.

Origins of Medical Informatics

ENIAC, theElectronic Numerical Integrator And Computeras the first electronic
digital computer—able to solve a wide variety ofgl-purpose problems. Although originally
designed to calculate artillery firing tables fbetUnited States Army during World War Il
(Fritz, 1996), ENIAC arguably started an informatgystems explosion and changed our world
forever. While some pundits thought businesse® wet interested in the ENIAC, it was only a
few years from ENIAC’s public operational date 48 that the digital computer entered the
business world when the International Business MashCorporation—more commonly known

as IBM—began developing computers for commercidlgovernment use (Cortada, 2006).
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Thus began the entry of information systems ineovilorld of business as tools to aid managers
in making better decisions. On the medical framthose early years of digital computing, the
sheer costs of maintaining the large systems aifiretjuired to support the systems was
prohibitive for all but very large medical faciés of first world countries (Tan and Global,
2009).

Interestingly, while ENIAC was developed for usetbg U.S. Army for computing
artillery trajectories and subsequent digital cotepapplications extended into the business
world, the concept for the electronic computer bartraced back to the U.S. Army Medical
Department in 1879 (Collen, 1986; Ginn, 1997). déddjiohn Shaw Billings, then Assistant
Surgeon General of the U.S. Army, was asked te® U.S. Census Bureau for the 1880 and
1890 censuses. At that time, the census was psetbmanually and required tedious hand
sorting. A rapid growth in the U.S. population redbe task overwhelming. Billings
conceptualized the idea of using cards with notaméisem to represent the census data.
Billings shared the concept with a statistical eegr, Herman Hollerith, who took the concept
from idea to reality with the invention of punchrds. Following the 1890 U.S. census,
Hollerith’s punch cards became a more widely usedl being adapted for use in public health
surveys and eventually converted for use in elegtechanical tabulating systems. In 1896,
Hollerith incorporated his company as the TabutaiMachine Company. Over many years and
through multiple mergers, the company ultimatelgleed into IBM (Ginn, 1997). Eventually,
the mechanical computing devices were replaced duifital computers and the punch cards
became a source of data tabulation by these daptaputers (Collen, 1986; E. H. Shortliffe &

Cimino, 2006).
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During the 1950s and 1960s, the growth of digitahputer use continued. Many
programming languages were developed including AFRARY (FORmulaTRANslation),
COBOL (COmmonBusinesrientedLanguage), BASICBeginnersAll-purposeSymbolic
InstructionCode), and LISPL(St Processing) among others (Collen, 1986). As inditdty the
name, one language in particular—MUMRM&agsachusetts General Hospltility Multi-
ProgrammingSystem)—was developed with a healthcare focus irdr{Gollen, 1986). The
MUMPS language was designed to provide databadeajipns to multiple users
simultaneously and is still in use in healthcargligptions today. As examples, the U.S.
Department of Defense and the U.S. Department tdreas Affairs (an early adopter of
MUMPS), still use the language as part of theictetmic medical record systems. As was the
case with most languages developed in the earlpfdmgital computing when memory and
storage were at a premium, MUMPS was designecefeetcoding and was naser-friendly
Instead, one might consider MUMPS expert-friendlylanguage in that it requires extensive
training to learn to program it.

The medical field has existed for hundreds of yaas management literature has
existed for over a century. Since the early ddydigital computing, managers have applied
information systems to solve problems and suppecisibn-making. However, the fields of
management information systems and medical infacsatre in relative infancy. Since the start
of the first formal university-level managementamhation system (MIS) program in 1968
(Nolan & Wetherbe, 1980), scholars have attempiexlaluate information systems and the
value these systems provide organizations. Assank attempt, DeLone and McLean (1992)
developed the Information Systems Success moddheir model, the authors analyzed and

derived six categories defining information systesmescess from previous research, created an
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interdependent model of these categories towarcessmutcomes, and initially labeled the
outcomes as individual impact and organizationgdot. Their purpose was to provide a
general framework from which scholars could battaterstand the construct of information
systems success (DeLone & McLean, 1992).

In his 1980 paper from the International Conferemeénformation Systems, Keen
explained the necessity of discussing the fielthahagement information systems and its
development as a standard field of scientific redefl980). Although directed toward the
management information systems discipline, his galtions readily apply to the field of
medical informatics and suggest several questiongé young discipline. What are the origins
of medical informatics? What do we see emergingédical informatics research? In what
directions do we see the field heading? How dbedield affect patient healthcare? This study
attempts to answer these questions. A chronolbgtudies from medical informatics literature

will prove useful in establishing the context ostetudy.

Chronology of Medical Informatics

1970s and Earlier

An indicator of the growth of a scientific field ilse creation of scholarly research in the
field. Although books are included in the defioitiof scholarly research, the primary means of
sharing academic research is through the publicatigeer-reviewed journals. The earliest
peer-reviewed journals in medical informatics imddComputers in Biomedical Reseaych
Computers in Biology and Medicingurnal for Clinical Computingand Computers in

Medicine started in 1967, 1970, 1972, and 1972, respégt{@llen, 1986). These journals
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provided a forum of discussion for sharing concabtineoretical, and empirical knowledge to
stimulate further growth of knowledge in the field.

As early as 1961, with the publication of DixoBEMD Computer Program Manual,
Volume 1 books and compilations expanding on the conceptenlical informatics began to
appear (Collen, 1986). Other early publication#&Do(1986) discusses include Sterling,
Pollack, and CenterBIEDCOMP: Handbook of Computer Applications in Baptand
Medicine(1964), Proctor and AdeyRroceedings, Automatic Data Processing of
Electrocardiography and Electroencephalograft964), and AtkinsProceedings of the
Symposium, Progress in Medical Comput{h§65). Although these publications themselves
did not demonstrate any significant turning pointthe field of medical informatics, they helped
to establish the foundation for this new scienfffazadigm of medical informatics.

As previously stated, it was not long for the feetaf medicine and information systems
to integrate. Following the operational date o4@%r ENIAC, references to medicine and
computers together began to appear in the 1950 ifields of “biophysics, bioengineering, and
biomedical electronics publications” (Collen, 1986778). The number of articles published on
topics that included both computing and medicingaineto grow and in the early 1970s, some
believed there should be a new name generatetidarerging domain of knowledge.
Although there was little debate over using thenteredical there was some concern over what
term to use to encompass and describe the asgeethoology, education, and engineering that
were developing in the field.

In his essay, Collen expressed that medical infaosavas “a new knowledge domain of
computer and information science, engineering anldrtology in all fields of health and

medicine, including research, education and pratficollen, 1986, p. 778). Citing Anderson in
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written communication from May 1986, Collen desedtihe origin of the term medical
informatics as developing from a combination of Enench termsanformatiqueand
automatique—terms that were used in Europe in describing nadiormation science or data
processing—and the English wordedical Thus, perhaps the earliest mention of the term
medical informaticcame from Anderson, Gremy, and Pages’ Educatidmfanmatics of Health
Personnel (1974). Despite not defining the terredimal informatics” in their book, Anderson
et al. use the term frequently throughout the baradk provided a foundation structure for
developing a curriculum to teach medical informatit974). Collen inferred from Anderson, et
al. that the authors believed that medical inforesaincluded all of the following:
medical computing, medical data processing, mediatmation processing,

medical computer science, medical information ssemedical information systems,

health care information systems, computer hardaadesoftware, computer and

information technology, applications of computend @ata processing to the health

services and basic concepts of computer sciencafmantal to medicine (Collen, 1986,

p. 779).

The discussion over the temmedical informaticsand its definition continued. In 1977,
as the program chair for the Third World Confereagemedical informatics, Collen defined
medical informatics as “the application of computahnology to all fields of medicine-medical

care, medical teaching and medical research” (6oll@86, p. 779). Others felt that medical

informatics was broader in scope. The discussioniicued into the 1980s.

1980s

Members of the medical informatics community mehat Symposium on Medical
Informatics in 1985 and further discussed the dt&im of the termmedical informatics The
outcome of the discussion was thadical informaticsvas expanded beyond the computing

device and the information it processes, to incltaflemedical research and development,
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education and medical practice, including physi@asistance functions such as clinical decision
support and expert consultant models” (Collen, 198680).

In his historical look at the field, Collen provilea descriptive narrative discussion of the
field rather than an analysis. In his defensegba was to provide a historical chronology of
the evolution of the field of medical informatickle organized the paper by discussing the
origin of the termmedical informaticeand followed it with a discussion of the origirfetee field
itself, discussed previously in this chapter.

While at first thought one might not recognizeait, early adaptation of medical
informatics was in the area of the medical libraAs Collen explained, “A major contribution to
medical informatics occurred when [the Nationalraity of Medicine] initiated computerizing
thelndex Medicusvith the printing of the 1964 edition and implertexhthe Medical Literature
Analysis and Retrieval System (MEDLARS)” (Colle®8b, p. 781; emphasis in the original).

In 1977, MEDLARS expanded with a networked conrmectf medical libraries and evolved
into MEDLINE (for MEDLARS online). The MEDLINE dabase is still widely in use in 2011.

Although more of a methodology paper than one alioa informatics literature
analysis, Greenes and Siegel recognized the yagndinging field of medical informatics and
other emerging fields (1987). Further, they ndtesdlproblems that the changes represented for
the National Library of Medicine because the fiefals “in a state of flux, and there [was] a lack
of generally agreed upon definitions of the bouiedaand structures of the field” (Greenes &
Siegel, 1987, p. 411). Aggravating the problers,rtedical informatics field is one that crosses
multiple disciplines—not only those connected wigalthcare. These characteristics made it
difficult to track articles that should be includedthemedical informaticzategory of the

National Library of Medicine. In an effort to cteaa method to evaluate and aggregate literature
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in emerging fields, Greenes and Siegel used bgtdtbbe and subjective quantitative methods
to establish the scope and define the contenteofrtédical informatics field (1987). Combining
citation analysis and survey methods, Greenes mg#lSised the multi-factorial method to
develop one of the first academic rankings of tleelical informatics journals and proceedings.
By polling the membership of the American Collegéedical Informatics, Greenes and Siegel
also determined which proceedings and journal pabbns were considered important to the
members of the medical informatics field. Whileitrself-assessed poor survey compliance rate
of 45% achieved may have been a weakness of tiely,S<Greenes and Siegel provided
substantial recommendations to the medical infagsaliscipline and methods to evaluate the
discipline. Among their recommendations and casiolos were that impact factors—measures
reflecting the mean number of citations of artigge@blished and often considered a proxy for the
relative importance of a publication—"do not refleell the specific considerations about the
importance of the publications to the field of neadlinformatics” (Greenes & Siegel, 1987, p.
414). Greenes and Siegel suggested that co-citataps and tracing citation frequencies might
produce results closer to that of the peer grompesu Perhaps another indicator that the debate
over the scope of medical informatics was ongoeg lze found in their final recommendation,
which was a suggested definition for medical infatics:
the field concerned with the cognitive, informatimocessing, and information
management tasks of medical and health care, anaebiical research, and with the
application of information science and technologyhese tasks (Greenes & Siegel,
1987, p. 414).
What is notable is the specific inclusionifiormation managemeim their definition. In the

1980s, the related field danagement Information Systemas also evolving and developing.

Despite parallel paths, the two fields did not age share much knowledge. That situation
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would change in the 1990s as the rate of informaechnology growth became more

exponential and computers started appearing onaliytevery desktop.

1990s

During the 1990s, researchers began analyzingatig &f medical informatics literature
at a level beyond that solely of journal rankingfiey produced analyses that used specific
article citations as the units of analysis. Howetlge debate over the scope and definition of the
field continued. As evidence, Morris and McCaigée their essay about “the disciplinary
nature and internal structure of the [medical infatics] field” with an extended discussion
about previous definitions of the field (Morris &d@ain, 1998, p. 448). Perhaps their own
suggestion of the two primary characteristics #ratencompassed in most medical informatics
definitions should suffice for the definition ité€lreferences to health sciences, biomedicine,
and the healing arts; and reference to the usgafnation management techniques and
technologies in support of those pursuits” (Mo&idMcCain, 1998, p. 448). Despite the lengthy
initial definitions of their medical informaticsstiussion, Morris and McCain’s actual objective
was to assess and understand the multidisciplstangture of the medical informatics field and
its relation to similar fields. Morris and McCaiwanted to determine which articles defined the
core set of journal literature in medical inforneatand they used inter-citation network analysis
as the method to make their determination. Irrtingial data inclusion phase, Morris and
McCain included two non-medical informatics jourtiles that they subsequently removed
based on the lack of a substantial number of oitatmade and received among the candidate
“core journals” they used as their starting poiAt a reminder, one of Morris and McCain’s

goals was to identify the core medical informatiteyature and that supported the removal of
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the non-medical informatics journals despite thsslof potentially interesting information. In
their defense Morris and McCain admitted,

only a subset, or core set, of journals are beamgidered—not all scientific journals that

might contribute or receive medical informaticatins, or all journals relevant to

medical informatics overall, or even all journtiiat might be of interest to medical
informatics researchers (Morris & McCain, 19984p4).
This is important to note because an objectivdnefdurrent research is to identify what
potentially informative medical informatics knowlgglcan be found outside the core medical
informatics literature.

Using cluster analysis and multidimensional scaliMgrris and McCain identified five
unified groupings of research in the journals @fitfinal data set. Of these five themes,
General Medical InformaticDecision MakingBiomedical ComputingComputing in
Biomedical EngineeringandEducation they found that theducationgrouping was relatively
isolated from the other four. This isolation iratied that the researchers writing the articles in
Morris and McCain’s sample demonstrated a clearadleation between education and the other
four groupings (i.e., those that are more relabepractitioner-based aspects of medical
informatics and academic research focus). MongMcCain’s findings were interesting in that
they focused on extracting thematic categorieschlwtiffered from earlier studies such as Sittig
and Kaalaas-Sittig’'s biomedical informatics jourreking study (1995).

Deeming citation analysis alone insufficient tovmesthe question of publication
rankings, Sittig and Kaalaas-Sittig developed tkaidy as a more encompassing,
comprehensive look (1995). Sittig and Kaalaasgsithalyzed the medical informatics literature
using a multitude of evaluation criteria that ird#a impact factors, total citations, survey data of

the American College of Medical Informatics Fellgwsad interlibrary loan requests to the U.S.

National Library of Medicine. They determined thia publication€€omputers and Biomedical
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ResearchMD ComputingMethods of Information in Medicin®edical Decision Makingand
Computers in Biology and Medicimemprised the top publications in the field ofrbexical
informatics at the time of the publication (Sit8@gkaalaas-Sittig, 1995). While Morris and
McCain focused on research themes in their study,autcome of their study was a ranking of
20 core medical informatics journals that includeahy publications that were in Sittig and

Kaalaas-Sittig’'s study (Morris & McCain, 1998).
2000 to Present

After the turn of the century, concerns arose tiatfield of health care needed to
improve on the effective use of information (W.HRersh, 2002). Despite the technological
advances resulting in cheaper cost of ownershipgriration systems have become more
complex, and the cost of training users and maiirtgilarge fleets of individual systems has
increased. Concerns about patient safety, paiirdcy, and medical errors are issues that
some believe information systems may be able toaedr eliminate (W. R. Hersh, 2002).
Electronic medical records (EMR) and computerizkgspgian order entry (CPOE) systems are
possible solutions to some of these concerns.ekample, the CPOE frequently have built-in
error detecting software to alert healthcare prengaf potential harmful medication
interactions. However, using information systemhealthcare often requires more time from
the healthcare provider than using paper methadtbough the costs may be made up in other
areas such as improving documentation, more aeuoaating for insurance billing, or error
reduction, it is difficult to measure the valuesnga versus the costs expended (W. R. Hersh,
2002).

Despite the almost thirty years that had passexghre first use of the termedical

informatics the discussion over the definition of the fietthtinued into the ZiCentury (W. R.
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Hersh, 2002). In his paper about the then custtts of the medical informatics field, Hersh
discussed the views that medical informatics isavice (e.g., helping clinicians implement
informatics applications),” and his preferred vighat medical informatics is “a science that
addresses how best to use information to improeéthheare” (W. R. Hersh, 2002, p. 1955).
The latter perspective seems to be the viewpoiatmeponderance of the scholars in the field.
More editorial in nature than the previous revi@fithe field, Hersh’s essay suggests the future
of medical informatics will move toward addressthg “imperatives of improving
documentation, reducing error, and empowering peiigW. R. Hersh, 2002, p. 1957) While
his study was not an empirically based analysisshkideclared a number of core themes for the
field of medical informatics. Of those he discukd®e detailed the value of standardization in
terminology for aggregating and comparing datashfferent healthcare facilities and entities.
An example of standardizing can be found in the. D&partment of Defense’s electronic
medical record, AHLTA, which provides healthcarepders a “drill-down” approach of
entering pre-selected diagnoses instead of freeetdgry. In addition to providing a means of
standardizing the entry, the drill-down method ardproper insurance account coding. Hersh
also believed that the systems should be usahky-ghould be integrated into the healthcare
workflow and produce an appreciable overall bendfita prophetic view, Hersh pointed out
that healthcare providers would have more dirdetraction with the medical informatics
systems; the need to have more accurate docunwentatibilling and for evidence to support
adequate medical error avoidance will be drivingés behind the increased interaction (W. R.
Hersh, 2002).

In a methodological paper focused toward the lipeard information science

researchers, Andrews’ (2003) study of the medidalrmatics literature provided useful insight
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into the medical informatics discipline. Using thieliometric: method of author co-citation
analysis similar to that of Morris and McCain (19%hd Sittig and Kaalaas-Sittig (1995),
Andrews evaluated the medical informatics literatusingauthorsas the units of analysis. By
counting the number of times authors were cite@éttogy by a third author, Andrews measured
the “distances” of medical informatics scholarsiirone another; the “underlying assumption of
[author co-citation analysis] is that the more @wthors are cited together, the closer the
relationship between them” (Andrews, 2003, p. 4X)drews recognized that despite the studies
previously reviewing medical informatics literatur®mne had studied the relationships among
the leading authors in the medical informaticsigigte. As previously mentioned, Andrews’
(2003) primary focus was on librarians and infororascientists and therefore, his goal was for
his study to be a tool that the librarians andnmfation scientists could use to serve the medical
informatics discipline.

Using the 196 American College of Medical Informatfellows as his population data
source, Andrews distilled the author list to 5Chaus after initial analysis and determined that
the five-year period from 1994 to 1998 providedadequate sample of articles. Looking solely
at the frequency counts of number of times cited,top five authors in the medical informatics
discipline (for Andrews’ sample) weReck J, Cimino J, Pauker § McDonald D, andClayton
P., names likely to be recognized by many medidarimatics researchers (2003). The
Andrews study parallels that of Morris and McCaittwthe obvious distinction that Morris and
McCain used publication titles as the units of gsialwhile Andrews used the authors’ names

(Andrews, 2003; Morris & McCain, 1998). Both setsauthors (Morris and McCain, and

! Bibliometrics is “the use of statistical methodsanalyze a body of literature to reveal historitetelopment and

as the scientific and quantitative study of pulilamas” (DeShazo, et al., 2009, p. 7)
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Andrews) performed cluster analysis, factor analyand multi-dimensional scaling analyses on
their data. While Morris and McCain determinecefiyenerally cohesive categories of medical
informatics literature with their cluster analység)drews identified both a six-cluster and a
three-cluster solution. The strength of Andrewstly can best be expressed in his own words:
it can be one of several tools used to help indiisl access and visualize scholarly
communication within the field. For instance, vehihose familiar with the medical
informatics community and its literature will alcgaknow that, say, McCray and

Campbell work in similar areas and are often citegether, those who are not well

oriented with the field, particularly new reseanshe. could find such information useful

(Andrews, 2003, p. 55).

As Hersh (2002) discussed, Andrews also identifiedneed for language
standardization in the medical informatics literatuAndrews, citing a Cimino (1998) article,
suggested that there is some ambiguity in the teised in the field and recommended more
research along those lines. Additionally, Andreswggested that future research ideas might
include a look at medical informatics literatureassinter-disciplinary perspective - not relying
solely on the medical informatics journals, butliilging other disciplines’ publications to
explore and share knowledge across fields (2003).

As one might expect in any fast-growing field asearch, the rate of growth in academic
publication output grows dramatically. As sucterthtends to be a greater need or desire for
reviews of said field to provide clearer understagand greater data-reduction of the ever-
expanding body of literature. The field of medicdbrmatics is not an exception. Since the
turn of the century, there are more reviews ofrtieglical informatics literature than in the
combined decades since the discipline’s inception.

Completing the discussion of the first five yeafrshe 2F' century, we consider Eggers,

Huang, Chen, Yan, Larson, Rashid, Chau, and LR0OS%) discussion of the literature.

Analyzing citation and literature data from the nged994-2003, Eggers, et al. identified
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prominent authors, primary topics in the field, dhd relationships among them. Eggers, et al.
used basic analysis, content map analysis, antibcitaetwork analysis in an attempt to reduce
the vast literature available to a usable summas/suggested by Andrews, Eggers, et al.
attempted to expand their analysis beyond the gesfof the medical informatics literature by
including a MEDLINE search for the termedical informaticsn building their data sample.
Additionally, in collecting their sample, Eggersa included 22 medical informatics
journals—18 of which are found in Andrews’ (2008)dy—medical informatics keywords in a
MEDLINE search, and articles authored by Americafi€ge of Medical Informatics fellows.
As Andrews did, Eggers, et al. focused their analgsthe author level for their basic analysis.
Eggers, et al. identifie@imino, J, Hasman, A Greenes, RMiller, P., andHaux, R, as the five
most prolific authors in the field by publicatioaunt alone (Eggers, et al., 2005, p. 45).
However, looking at the citation counts—the meagurdrews used for frequency counts—we
see the top five authors weBates, D, Cimino, J, McDonald, C, Patel, \, andHripcsak, G
(Eggers, et al., 2005, p. 46).

To identify trends in the medical informatics lagure over the ten years of their
literature sample, Eggers, et al. (2005) segregaediterature into three periods, 1994-1997,
1998-2000, and 2001-2003. Using #rizona Noun Phrasesoftware to extract medical noun
phrases, the team of researchers built content ofape topics derived for each year group
segregation and compared the results. The authemsfied newly-emerging topics of
discussion in the literature (e.g., Human Genomeglidal Imaging, Neural Networks, etc.) and
those areas of the literature that were not growapidly (e.g., Hospital Information Systems;
Eggers, et al., 2005). It is important to note thiaile other noun phrase identifying software is

available, the Arizona Noun Phraser software wasdyced by University of Arizona
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researchers and is no longer available online, itiralgng the study less replicable. An
interesting outcome of the research is that Eggeral, (2005) identified many pattern changes
among the three content maps, supporting earlserareh about the fast growth and change in
the medical informatics discipline (Andrews, 20@3illen, 1986, p. 779; Eggers, et al., 2005;
Greenes and Siegel, 1987; Morris and McCain, 19889 and Kaalaas-Sittig, 1995).

Using an approach similar to Andrew’s (2003) apphoand Morris and McCain’s
(1998) multi-dimensional scaling approach, Eggetsl. (2005) created an author map analysis
to group individual authors based on their researtghests. While the author maps are not
reproduced in this study, it is interesting to nibt&t as computer technology has improved over
the years, we are seeing a trend toward improva&ghlization techniques and tools that aid the
researcher in understanding the data under inatisiig

As of 2009, the discipline of medical informati¢sl seemed to be struggling with its
identity (DeShazo, LaVallie, & Wolf, 2009). Despihe established MEDLINE definition for
medical informatics—*“the field of information sciemconcerned with the analysis and
dissemination of medical data through the applcatf computers to various aspects of health
care and medicine”—other definitions continue tpeqr in the literature (DeShazo, et al., 2009,
p. 7). As previously mentioned, most definitionslude references to an inter-disciplinary field
and include scientific research as an aspect afnxdical informatics field. However, DeShazo,
et al. suggested that some scholars question vitheogence medical informatics should be
positioned (2009). Further, some question whattrsrould be considered a distinct field at all
(DeShazo, et al., 2009).

To categorize medical informatics literature inittsudy, DeShazo, et al. used the

MEDLINE definition of medical informatics and inaed literature assigned by MEDLINE to
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the medical informatics category. While the De$Shat al. study focused on the medical
informatics discipline and specifically the jourrsald article units of analysis, the authors
performed it using bibliometric methods similathose of aforementioned studies (Andrews,
2003; Morris and McCain, 1998; Sittig and Kaala#tigs 1995) - the difference being primarily
of the data sample rather than of the methodolpgjied (DeShazo, et al., 2009). DeShazo, et
al. selected MEDLINE publications over the twengay period from 1987 to 2006 for articles
categorized as medical informatics publications. ilthe previous studies, DeShazo, et al.
performed frequency counts and citation analygeiditionally, they evaluated their sample of
77,023 articles to determine an exponential avegageth rate curve of 12% each year and the
exponential curve appeared to explain 97% of thmmee versus a linear curve that explained
only 79% (DeShazo, et al., 2009).

DeShazo, et al. generated, among other outputjamvoal ranking lists - one based on
journal citation reports and one based on MeSH (b dubject Headings from the MEDLINE
database) medical informatics terms. The topfmelications based on the medical informatics
MeSH index weré’roceedings/IEEE Engineering in Medicine and Bigi&@pciety Conference
IEEE Transactions on Image ProcessiMgdical PhysicsProceedings of AMIA Annual
SymposiumandStudies in Health Technology and InformatioFhe top five publications based
on the journal citation reports weieEE Transactions on IT in Biomedicirdournal of the
American Medical Informatics Associatidnternational Journal of Medical Informatics
Methods of Information in MedicinandBiomedizinische TechnikOf note, the top three
publications on the journal citation reports lI®@EE Transactions on IT in Biomedicinkournal

of the American Medical Informatics Associatiandinternational Journal of Medical
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Informatics also appeared on the top medical informatics Mefsldxed list at rankings 23, 25,
and 35 respectively, indicating high citation sg#nof each of the publications.

Through their analysis, DeShazo, et al. found tiredlical informatics topics are found in
both medical informatics-specific publications ar@h-medical informatics-specific publications
(2009). While that statement may seem overly sirad| the relevance is that DeShazo, et al.
found little evidence of clearly demarcated linesAeen medical informatics literature and non-
medical informatics literature.

DeShazo, et al. did not identify clusters of toplwst were solely focused on medical
informatics. In practically no cases did MEDLIN®texers categorize articles as only medical
informatics articles. In addition, DeShazo, eff@lind that a substantial number of articles are
published in journals not typically identified agdical informatics specific journals. They
found that over 100 journals publish at least 2@ic® informatics MeSH-indexed articles per
year—a stark contrast to the 20 publications Mand McCain (1998) identified as core medical
informatics publications two decades earlier. D®Shazo, et al. article revealed that while they
focused their research on the MeSH term, “medidalrinatics,” a broader term of “informatics”
would have included literature in the categoriedaital informaticsnursing informaticspublic
health informaticsandmedical informaticsand thus, would likely have altered the citation
counts and study outcomes (2009).

One of the conclusions DeShazo and colleaguesndigted is that medical informatics
articles can be found with greater frequency tmatihé past in non-medical informatics journals.
This finding supports the idea that medical infoticgis multidisciplinary and that medical

informatics is becoming more established as aplisei. It suggests, too, that future researchers
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should include non-medical publications when coitgcdata for assessing the medical
informatics discipline.

While most of the authors of previous reviews & thedical informatics literature have
used bibliometric analytic methods in describing discipline, Schuemie, Talmon, Moorman,
and Kors (2009) chose a semantic approach, extiactyramsfrom the combined titles and
abstracts of all 6,000,000 MEDLINE records for ylears 1993 - 2008N-gramsare “sequences
of words that occur in the text,” and in the cakthe Schuemie, et al. (2009, p. 77) paper,
includes sequences of one wouatigramg, two words bigramg, and three wordirigrams).
Once they completed their n-gram extraction andteceprofiles of the document sets to
categorize them, the authors cluster analyzed-tjrams and generated a two-dimensional
depiction of the clusters’ journal tittes—anothgample of increased use of visualization
technigues—with the distance between journals atatig approximate dissimilarity between the
n-gram profiles of each of the journals. Withie thisualization, the authors further demarcated
the journals with a large shaded circle indicaangjstinct set of coherent journals. They
concluded from their results that the domain of iwe@dnformatics literature encompassed 16
journals, the top five of which includ®edinfq International Journal of Medical Informatics
Proceedings of the Medical Informatics AssociaymposiunProceedings of the MIE
conferencesandMethods of Information in Medicindnterestingly, thdournal of the American
Medical Informatics Associatigm journal originating in 1994—and ranking sixththe
Schuemie, et al. study—continues to appear nedofhef the journal rankings of the literature
reviews. This is particularly noteworthy since maf the other journals are much older than
JAMIA. Using their top 16 journal publicationsgthuthors used cluster analysis to identify

three predominant categories within the medicarmfatics domain:
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1) the organization, application, and evaluatiohedlth information systems,

2) medical knowledge representation, and

3) signal and data analysis (Schuemie, et al., 20086).

Using the clusters of journals they extracted séhrlier phase of the study, Schuemie et
al. (2009) categorized the article counts over fivee-year time periods. Basing their
conclusions on this categorization and in contitamhcto earlier studies, they suggested that the
medical informatics discipline has remained reklinstable. Further analyzing the topic
clusters, they concluded that while most medicirmatics journals have changed focus (i.e.,
moved into different topic clusters) over the ffteyear period of their study sample, four of the
publications maintained a stable and consistentsf@@omputers, Informatics, Nursinthe
Proceedings of the AMIA Symposij@omputers in Biology and Medicinand theJournal of
Medical Internet Research

Another contribution of the Schuemie, et al. (20p8per is found in their discussion of
the subjective bias of journal selection foundtinen literature studies. Schuemie et al. believed
their semi-automatic approach of journal selecti@s superior to subjective manual methods,
but it is not without its own bias. By selectitgtMEDLINE database as their source of data,
they have added subjective bias to their own studiyexcluded publications that address
medical informatics topics but are not MEDLINE pightions.

Like Collen (1986), Haux (2010) provided an ovewignd perspective of the medical
informatics literature rather than an in-depthrétare analysis. Haux provided his insight and
perspective of the past, present, and possibledativections for medical informatics (2010).

As with virtually all the aforementioned essay® tfuestion of a medical informatics definition

arises—and Haux’ discussion is not different irt #spect. However, he provides an admittedly
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simple definition: “the discipline, dedicated t@thystematic processing of data, information and
knowledge in medicine and health care” (Haux, 2@L@&00). For the purpose of this study, all
definitions are synthesized to define medical infatics aghe discipline dedicated to the
systematic processing, analysis, and disseminatitrealth-related data through the application
of digital information systems (computers) to vag@spects of healthcare, research, and
medicine

Haux confirmed that medical informatics is a yotietd, particularly when compared to
other medical fields, and it is directly relatedhe development of digital computers and other
information and communication technology (2010no#er aspect that recurs in the literature is
that medical informatics, especially in the last years, is a maturing field. In Haux’ view,
medical informatics, in its early years, was noeaessity, but a “nice-to-have’ discipline”
(Haux, 2010, p. 601). In today’s environment, hegrethat situation has changed and medical
informatics is increasingly relied on as one offilnendational healthcare fields.

Haux referred to previous papers in his discussidhe medical informatics literature in
describing the discipline, arguing that the fieddlefined by itsnethodology and technology
application domainand by itgractical aims(Haux, 2010, p. 604). In Haux’ studies with
Hasman (2006, 2007), they determined that threthodologicatategories existed in which the
majority of the medical informatics literature sifit out:decision modelingengineering
modeling andcommunication processed hese results conflict with those found in Schige et
al. (2009), although Haux offered a caveat thahiownication as well as decision processes
may primarily be in research on the organizatigpliaation, and evaluation of health
information systems” (2010, p. 604). Further cateang the literature based on the

International Medical Informatics Association Yeaok of Medical Informatics (2006), Haux
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offered that thepplicationsub-domains of medical informatics can be alignét the

following:
- medical informatics contributing to good mede&nd good health for the
individual,
- medical informatics contributing to good mediaall health knowledge, and
- medical informatics contributing to well-orgaei&zhealth care (Haux, 2010, p.
604).

Finally, Haux proposed two practice-facing goats: contribute to progress in the
sciences and to contribute to high-quality, effitibealth care” (Haux, 2010, p. 604). Itis
important to note that Haux was addressing thetipedside of the medical informatics
discipline. As mentioned previously, academicihage frequently excluded the quasi-
academic/practitioner publications in the fieldnedan argue that with less stringent peer-
review processes and therefore, faster times &sptieese publications may have a perspective
that is closer to the true actions of the healtacammunity than the academic publications that
have longer periods between research study andcptioh. The longer wait time for the
academic publication process increases the pasgihiat the information may be stale if not
obsolete altogether.

While too lengthy for a complete discussion heray¥continued his discussion with
two possible future perspectives for medical infatics. The first point of view he shared was
the more conservative, evolutionary one. It inelid view that changes will be small and made
in incremental steps. On the other hand, his sepenspective predicted that the field will make
dramatic and revolutionary changes that will harastic, positive effects on healthcare. Haux

did claim that neither of the two lists is meanb&exhaustive (2010).
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On the Importance of Theory

In producing scientific research, one should defiuhat constitutes scientific research.
One view defines scientific research as a systersaties of actions focused toward generating
knowledge and that the knowledge “can be seenrzxging belief statements about the actual
world ....” (Pawar, 2009, p. 17). In this processe @f the actions is the theory-building, a step
in which the researchers develop an idea or babetit the actual world and specify how their
belief or idea applies to the real world. In thpecification, researchers develop empirically
testable and verifiable aspects of their theorktiezdel. There lies a fine line between
explaining data and developing theory. Data dbsampirical patterns that were observed,
while theory explains why the patterns were obstreexpected to be observed (Sutton &
Staw, 1995). References, on the contrary, protfideeader the logic on which the authors base
their theory and provide the reader direction totHer investigation; they give the reader an
indication of what led the authors’ thoughts tatlvenclusions and provide a means of checking
the author’s accuracy (Sutton & Staw, 1995). Thésdeveloped from logical reasoning using
findings to substantiate hypotheses. It is throtnghtheory development process that the body
of scientific knowledge continues to grow (Paw&02).

Gregor takes a broad approach to the definiticth@bry compared with Whetten
(Gregor, 2006; Whetten, 1989). While Whetten stétat theory is comprised of the answers to
the questionsyhat how, who where when andwhy, Gregor is willing to accept as theory the
answers to some of the questions individually. és@mple, Gregor provides Davis and Olson’s
1985 textbookManagement Information Systems: Conceptual FouodstiStructures, and
Developmentas an example of theory that explains how somgtsinould be done in practice; it

is these instructions about how information systehwild be “designed, implemented, and
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managed,” that is considered theory building (Greg006, p. 4). Of the five types of theory
Gregor proffers analysis, explanation, prediction, explanation gmddiction,anddesign and
action,only explanationanddesign and actiomeet Whetten'’s definition of theory because
they include answering the questionndfy a phenomenon occurs. Tivey may be the most
fertile question because it makes the theoristthaedeader challenge the way he or she thinks
about established norms and concepts; it causesitirar to extend the mind beyond a method
he or she is accustomed to understanding.

A cursory look at the medical informatics literaundicates that there is a lack of theory
development and the focus is more on descriptigerteng. Many studies have described
experiments that medical informatics systems rebeas have performed, but are lacking in
answers to the question of why the phenomena agturffor example, Halamka, Mandl, and
Tang (2008) provide a thorough discussion of thgeernces and challenges of personal health
records, their study is bereft of theoretical asalyr development related to the challenges
identified. While it is the literature itself thatarrants a discussion of theory development, the
focus of this study is not solely on theory. Sefollowing papers for an extensive discussion
on the topic of theory and theory development: [Dub969; Gregor, 2006; K. G. Smith and

Hitt, 2005; Sutton and Staw, 1995; Weick, 1989,59%&hetten, 1989).

Theory Development

The theoryDiffusion of Innovationsis the primary theoretical lens for the literatur
review. Diffusion of innovations is a frequentliudied and accepted theory, having few
changes since its inception over 60 years ago (Rpg6e03). Diffusion of innovations is useful
for this study because it takes into account tleegss of implementing an innovation and

deploying, or diffusing, the innovation through@uganizations or group. Following is a brief
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explanation of diffusion of innovations (for an existive discussion of Diffusion of Innovations,
refer to Brown, 1981 and Rogers, 2003).

Rogers explains diffusion as “the process in wiishnnovation is communicated
through certain channels over time among the mesniifeat social system” (Rogers, 2003, p. 5).
He describes an innovation as “an idea, practicebject that is perceived as new by an
individual unit of adoption” (Rogers, 2003, p. 473)hile at one point in the evolution of the
diffusion literature, innovations were generallg@gted as having a positive social impact, this
is no longer the case and may be a cause for tygngaadoption rates (Brown, 1981). Rogers
explains adoption as “a decision to make full usaminnovation as the best course of action
available” (Rogers, 2003, p. 473).

Healthcare information systems can create intergstnallenges for adoption. In
addition to creating a burden of learning a newesydor already overworked healthcare
providers, healthcare information systems are teeldore stringent standards than information
technology systems in other fields. These higterdards affect the adoption of healthcare
innovations.

Innovations include ideas, practices, and objettss study, however, confines
innovations to consist of information systems adi§. For certain healthcare information
systems to serve their functions properly, it ipa@rative that healthcare providers use the
information system. For example, if a hospital@dan electronic medical record system and
members of the radiology department do not useldgwtronic medical record, they may not be
aware of an order for an x-ray a physician ordeirethis example, all providers need to use the
system for the system to function properly. Ondtteer hand, if not all healthcare providers use

a hospital’s automated supply chain system, thecetin patient care may be minimal.
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Adopter Categories

In developing his model, Rogers (2003) offered peiple adopt innovations at different
rates in a manner that approximatesSamaped curve (Figure 1). To make comparisons
possible, Rogers suggested classifications of icltaigories based on where individuals fall
along the adoption sigmoidnnovators early adoptersearly majority late majority and
laggardscomprise the five adopter classifications, anBiifusion of Innovations theory, these
ideal categories follow a standard normal curvdexscted in Figure 2. Although the number of
adopters may be few until word spreads about aine@wvation,innovatorsare quick to employ
new innovations. As time passes and knowledgheohew innovation spreads, the rate of
adoption increases sharply as the sharp upwardridigure 1 indicates. During this period, the
early adoptersaandearly majorityindividuals employ the innovation. Later, theeraf adoption
decreases as th@te majorityadopts the innovation. The curve in Figure 1 lewéf toward the
top—indicating the rate of adoption is decreasingetdaggardsadopt the innovation and
adoption reaches saturation. In the diffusion mhagiuration does not necessarily mean 100%

adoption. There may be individuals who never adgparticular innovation.

Laggards

Cumulative Adoption =

Innovators

Time >

Figure 1. Sigmoid Adoption Curve (adapted from &sg2003)
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Innovators Early Adopters Early Majority Late Majority Laggards
2.5% 13.5% 34% ¥ 16%

Figure 2. Adopter Categorization (adapted from &sg2003)

Individuals who fall in the Innovators categorydeio pursue new ideas with passion and
are adventurous, almost to the point of compulsiOne finds socially influential individuals in
theearly adoptercategory. While the early adopters are the pewple wield the most opinion
capital in the social system, somewhat ironicdhgearly majoritygroup members are seldom
opinion leaders in the social system (Rogers, 2068¢quently, it is the desire to remain
competitive that brings later users to adopt timewation (Brown, 1981). Skeptical individuals
can be found in thiate majoritycategory and frequently they adopt an innovatwretieve the
social (peer) pressures of the system. As therastbers to adopt an innovation, taggards
generally are found to control virtually no opiniocapital and frequently are fearful of the

innovation (Rogers, 2003).

Stages of the Innovation-Decision Process

There are five stages through which individualggpess when evaluating an innovation
for possible adoption (Figure 3 and in Rogers, 2@0370). The stages dteowledge
persuasiondecision implementationandconfirmation This progression from initial
knowledge of an innovation to confirmation of tlaoption decision is what Rogers (2003)

referred to as the innovation-decision processs Within the innovation-decision process that
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we find the five perceived characteristics of ttieavation, and the theoretical analysis of the
literature focuses on these characteristics. 8paity, the five characteristics of the innovation
affect the persuasion stage of the innovation de&tisrocess. During the persuasion stage of
evaluation, potential adopters develop either atipesor negative opinion toward the innovation
(Rogers, 2003). In diffusion of innovations thedhe perceived characteristics of innovations

influence the adopters’ attitudes toward the intiova

Perceived Characteristics of Innovations

Rogers explained the perceived characteristicsraivations aselative advantage
compatibility, complexity trialability, andobservability(2003). Rogers definaelative
advantageas “the degree to which an innovation is percea®better than the idea it
supersedes” (Rogers, 2003, p. 15). The emphathieiquote might well be placed parceived
because the importance is not in whether the inimvés truly better than the superseded idea
so much as the individual’s perception of the valtithe new idea. The advantage of the new
idea may be measured by various means: finaneia| bf convenience, or satisfaction levels, to
name a few.

In the diffusion of innovations modalpmpatibilityis “the degree to which an innovation
is perceived as being consistent with the existaiges, past experiences, and needs of potential
adopters” (Rogers, 2003, p. 15). Social norms playbstantial role in people’s decisions
whether to adopt an innovation. Those innovattbas are comprised of values or beliefs
determined by the individuals to be incompatibléwiheir subjective norms will be rejected and
the individuals will not adopt the innovation.

Rogers definesomplexityas “the degree to which an innovation is percea®difficult

to understand and use” (2003, p. 16). Because surogations are easier to comprehend than
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others, they may be more eagerly adopted withimcabkstructure. The literature review
showed that the variabl@age of usevas used as an alternative to complexity in scondies
(Cruz, Neto, Muiioz-Gallego, & Laukkanen, 2010; Meri2002). Ease of usandcomplexity
can be viewed as parallel, while opposite consdr(ldavis, 1989).

Trialability, in the Rogers model, involves the degree to whitinnovation may be
experimented with on a limited basis (2003). Safeswcompanies frequently take advantage of
this characteristic by allowing potential customrslownload and use a limited version of their
software. For medical informatics systemnglability may include the ability to use the system
at other workers’ computers, at vendors’ locatiamsiendors may bring systems to the potential
customers.

The diffusion of innovations model includebservabilityandobservabilityis “the
degree to which the results of an innovation aséie to others” (Rogers, 2003, p. 16). The
more visible an innovation is to potential adoptéme more likely they are to adopt it. In
healthcarepbservabilitymay be restricted because of concerns over theigeof personal
health information. For example, patients may tharcompromise of their sensitive personal
health information if they show others their newsgomally controlled healthcare record. Despite
the benefits others may receive from a personalhyrolled healthcare record, the patients’
security concerns will limit word-of-mouth adveitig (i.e.,observability. Although this
personal health information security concern mag\wecome by something as simple as
providing a “dummy” account for potential adoptefghe system to use, it does affect on

observability.
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Chapter Summary

This chapter presented an overview of the medifatmatics literature over the past
half century and established the foundation andestrfior further inquiry into the themes of the
medical informatics literature. Outlining the pesring works of medical informatics authors,
the chapter addressed the types of questions d@latlieen asked and answered, the types of
research methods previously applied, and what loakes and what has not worked. The
chapter established the definition of medical infatics for the purpose of this studlye
discipline dedicated to the systematic processanglysis, and dissemination of health-related
data through the application of digital informatiegstems (computers) to various aspects of
healthcare, research, and medicin€his chapter established the importance of theor
development for medical informatics literature autlined the theoretical modéjffusion of
Innovations for this study.

The next chapter provides an overview of the cdraealytic method and discusses the
research design for the study. The chapter coagimith an outline of the methods of data
collection including an explanation of the journsésnpled. The chapter includes the sampling,
recording, and observational units and a discussidine variables selected for the analysis. The
procedures section explains the semi-automatedanethanalysis and the manual coding

analysis that comprise this mixed methods study.
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Chapter 3. Methods

The previous chapter established the context efghidy by addressing the history of
medical informatics and discussing theoretical tgwaent in the medical informatics field.
This chapter explains the methods used to assemgent medical informatics themes. The
chapter is divided into three main sections. Titst provides an overview of content analysis,
the general procedures used with the method, inteslthe two phases of the analysis—
guantitative and qualitative—and describes the dallaction and preparation.

The second section of the chapter explains thetjaawve analysis method. This method
uses centering resonance analysis and exploraotgrfanalysis to extract the themes from the
journal texts. Centering resonance analysis sudomated technique that identifies influential
nouns and noun phrases from a body of text. Tiheeintial words are used in the subsequent
exploratory factor analysis to develop the preliaminthemes. The preliminary themes are
further analyzed through latent coding to develapfinal themes list.

The final section of the chapter explains the qatie analysis performed. This section
describes the manual coding method used to fuaihallyze the text. The section begins with an
explanation of the thirteen operationalized deifamis used for this portion of the analysis and a
description of the coders involved. An explanatwdmter-coder reliability and the minimums

accepted for this study follows.
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Content Analysis

Content analysis is one method of extracting varitkemes and topics from text.
Although aspects of content analysis date bacladg as the 1600s in efforts by the church to
seek out threats to its authority and the printhgaterials, the first mentions of the term
content analysis are not found until three censuager (Krippendorff, 2004). Content analysis
can be understood as, “empirically grounded methoéxploratory in process, and predictive or
inferential in intent (Krippendorff, 2004, p xvitalics from the original). While the literature
yields several definitions of content analysis, gleaerally accepted definition of content
analysis is that the method is a means of makitid,valiable inferences from a textual data
source (Weber, 1990). “The content analyst vieata ds representations not of physical events
but of texts, images, and expressions that areeddéa be seen, read, interpreted, and acted on
for their meanings, and must therefore be analyaddsuch uses in mind” (Krippendorff, 2004,
pxiii).

In summary, content analysis provides us a meanghiish we can derive understanding
of a body of text. While there are nuances tovdméous definitions available, most agree that
content analysis is a research technique thatdegeaseduction primarily with textual data to
make the text more manageable for inference angsaséKrippendorff, 2004; Weber, 1990).
One of the main ideas behind content analysisaisléinge bodies of text are grouped into a
relatively small number of categories based on soniberia so that the large bodies of text can
be managed and understood. Content analysis exling process of going from words, to
numbers, back to words. In essence, the contatysiriakes the words and turns them into

numbers through word frequencies, factor analyames other statistical measures. Then, the
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analyst takes the numbers and interprets themlaarésthe results using words in the study

results and discussion.

Process

Performing a content analysis can be a relativietyghtforward process. The general
procedure in performing content analysis includeftllowing steps (Corman, et al., 2002;
Krippendorff, 2004; Neuendorf, 2002):

1. Develop research questions and/or hypotheskess. ahswers the question of why the
study is performed and guides the researchersisttidy. Although many studies include a
guiding theory, exploratory studies frequently pegformed without a guiding theory.

2. Perform a review of the literature. The literatreview situates the study in the
ongoing discussion for the discipline; it identfitne context in which the study is performed.
The literature review identifies questions thaténheen asked and answered, and what works
and does not work.

3. Conceptualize. The researchers determine fat wdriables will they have to collect
data to answer the research questions/evaluate/ffieheses. For example, the researcher may
collect data on author names, year of publicatdastract information, and so on.

4. Operationalize. Based on the variables selettedesearchers define measures that
match the conceptualization to ensure internabiitgili The researchers define the gajnpling
units- the bodies of text that will be included in gtedy (e.g., from what publications and what
years were the sample of articles drawn), (bydéoerding units- the parts of the text that will be
categorized and/or described that are usually awedan the sampling units (e.g., words, noun
phrases), and (c) tlwontextor observational unitsdefined as the limits of the text that will be

categorized and/or described (e.g., sentence, gagabstract).
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5. Collect data. The researchers justify theiad&lection conceptualization and collect
the data based on their justification.

6. Develop aoding protocal For computer coding, the coding protocol inckide
explanation of the method of content analysis tfevare performs. For researchers performing
human coding, the coding protocol is usually cosgitiof acodebookhat provides instructions
to the coders and explains all the variables analsomes, and eoding form the form used by
the coders to record coding data. If human codirggnployed, the human coders are trained on
the protocol and they conduct an inter-coder réitglassessment. This reliability assessment is
the degree to which the coders agree on their gasessment of the text, correcting for chance
agreement whenever possible.

7. Code the main body of text. For computer cgdihe researchers execute the
software analysis and spot check for validatioor ltuman coding, the coders code the text—
they should have at least a 10% overlap to evahesisbility—and the researchers evaluate
inter-coder reliability for each variable (e.g.08ts pi, Krippendorff'salpha).

8. Discuss results. The researchers tabulateethudts and counts, and explain their
discoveries.

These steps provide an overview and are genettéiler @ctors have to be addressed
based on issues such as the researcher’s spegific $ampling decisions, and coder training.
The steps of content analysis mirror those of eilcglipositivist research. That is by design.
Over the evolution of content analysis, researchsirsg the method have striven to refine the
method to increase reliability and validity of tlesults. The aforementioned general steps
provide the basis for sound research that can geawch results that are replicable, objective,

and systematic.
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Mixed Methods Analysis

The study employs mixed methods analysis in twseba The first phase is a semi-
automated quantitative method, so named becaustutiy used software for the automated
portion and follows the automated result with a oa@rmanalysis component. The purpose of the
first phase is to identify themes emerging fromdhecle texts of the seven journal publications,
to compare the texts by year, and contrast the tefxhe medical informatics publications
against those of the non-medical informatics puations.

The second phase of the study is a qualitativeyaisal The purpose of the second phase
is to determine how the literature of this studynpares to previous studies and the Diffusion of
Innovations model. Using the DiscoverText web-das#tware application, three researchers
gualitatively coded the data based on criteria bgpesl in the literature review and phase one of
the study. The three coders read the article texdstail and coded in the appropriate theme

and/or characteristic classification(s) based enpitocedures in the coding procedures guide.

Sampling Units

This exploratory analysis identifies, describes axplains the medical informatics
themes that arise in the literature. Using senwaated computerized content analytic methods
and manual methods, the study parses texts ofgbarticles to derive an understanding of what
the medical informatics field is discussing and wehthe field is headed. Based on the
multidisciplinary focus of the medical informatifisld, and both the explicit and implicit calls in
the literature discussed in the previous chapterrésearch samples articles published in
medical informatics journals and articles relatedniedical informatics that are published in non-

medical informatics.
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Although many of the reviews discussed previoudiyrassed the multidisciplinary focus
of the field and the need for understanding theiplisies related to medical informatics, no
authors analyzed publications outside those spadifidesignated as medical informatics
publications - with one caveat. Morris and McC@if98) did discuss publications that were
outside the scope of medical informatics in theitial data inclusion phase by including two
non-medical informatics journal titles in their galenset. However, they subsequently removed
them in their exclusion phase based on a lacksoibstantial number of citations made and
received among the candidate “core journals” thegduas their starting point (Morris &

McCain, 1998). As a reminder, one of Morris andddm’s goals was to identify the core
medical informatics literature and thereby they huatification for removing the non-medical

informatics journals despite the loss of potentiaiteresting information.

Recording Units

In the first phase of the study, the semi-automgteghtitative content analysis, the
researcher analyzed the noun phrases of the adidieto identify themes in the literature.
Noun phrases are the subject or object of sentearaare each comprised of a noun and
possibly more adjectives or nouns (Corman, eR80p2). Although verb phrases, another
linguistic model, provide the action in texts ongersation, the noun phrases are the only
elements that “can be unambiguously classifiechéiiess in discourse” (Corman, et al., 2002, p.
174) , and therefore, are of greater explanatohyevinan are the verb phrases.

For the second phase of the study, the manual gaudhalysis, the recording units are the
words from which the article texts are compris&adsed on preliminary readings of the article
texts, there was sufficient evidence to determieamng from either the sentences or the

individual words in the texts. While sentenceghia texts are rife with meaning, the general
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goal in defining recording units is to define thamthe smallest unit from which meaningful
content can be drawn (Krippendorff, 2004). Therefthe recording unit selected for the second

phase was the individual word.

Observational Units

While recording units are generally the smallestsuof analysis in a content analysis
study, the observational units range in size dejpgnoh the content being analyzed. In a play,
for example, the observational unit may be theremqtiay if the researcher is trying to
distinguish the core themes of the play. On tiheohand, if the researcher seeks to understand
the basis for the formation of the characters englay, the individual acts of the play may be
better observational units for the study. The sizebservational units is generally larger than
that of recording units and may or may not incltlteerecording unit. The observational unit
should be determined to achieve a balance betwa&mait large enough to provide adequate
meaning and hence, validity, while being as snmalkgossible to maintain reliability. For the

purpose of this study, the entire article abstraxi satisfies that balance.

Sampling

The goal of this study is to determine what thearése from the medical informatics
discipline. This study uses seven publicationsfuwhich article abstracts and texts from the
period of 2002 - 2011 were drawn for analysis. affive at the sample of articles, the sampling
units, several criteria were used. From thoseigatibns that are considered medical
informatics publications, all articles were usedha inclusion phase of the selection process.

The publications that are mainstream medical in&dits publications include thlwurnal of the

48



American Medical Informatics AssociatiGgdAMIA), and thelnternational Journal of Medical
Informatics(1JMI).

As stated in Chapter Two, several authors expresgechultidisciplinary perspective of
medical informatics and hence, recommend includntigles from outside the mainstream
medical informatics publications for subsequenéaesh. Taking that advice, several
publications outside the prevailing medical infotits literature were included: tleurnal of
the American Medical AssociatigdAMA), theNew England Journal of Medici®EJM),
Management Information Systems Quart¢fySQ), Information Systems Reseai¢8R), and
Communications of the Association for Computing ihiteery (CACM). The complete listing of

the publications included and their respective &yeiin Table 3.1.

Table 3.1
Journals Sampled
Abbrev- Title Focus
iation
CACM Communications of the Association for Compgtin Management
Machinery Information Systems
[IMI International Journal of Medical Informatics eldical Informatics
ISR Information Systems Research Management
Information Systems
JAMA Journal of the American Medical Association dt=al
JAMIA Journal of the American Medical Informatics Medical Informatics
Association
MISQ Management Information Systems Quarterly Managnt
Information Systems
NEJIM New England Journal of Medicine Medical
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Medical Informatics Publications

To determine which mainstream medical informategfals to include in the sample,
the recent review articles mentioned previouslZirapter Two that provided journal rankings
were referenced. The articles referenced inclttestructure of medical informatics journal
literature (Morris & McCain, 1998)Mapping medical informatics resear¢Bggers, et al.,
2005),Publication trends in the medical informatics |ature:20 years of ‘Medical Informatics’
in MeSH(DeShazo, et al., 2009). aMapping the domain of medical informati&chuemie, et
al., 2009). In each of these studies, the follgwournals received top rankings: theurnal of
the American Medical Informatics AssociatidAMIA) and thelnternational Journal of
Medical Informaticq1JMI). Although each of the journal ranking steslievaluate the
publications using different measures, both JAM &JMI consistently rank at the top of
medical informatics journals. As these publicasi@ne part of the core medical informatics

literature, all articles for the ten-year periodrfr these journals are included in the data set.

Medical and Management Information Systems Pulitinat

Based on the repeated calls for analysis that éxtegond the core medical informatics
journals (see Chapter Two), the study includesladifrom theJournal of the American Medical
AssociationJAMA), the New England Journal of Medicif®lEJM), Management Information
Systems QuarterlfMISQ), Information Systems Reseal¢t8R), andCommunications of the
ACM (CACM). Using JAMA extends the data set into thedmal discipline to gain a
perspective of what the medical field is discussibgut medical informatics. The publication,
JAMA, is an international, peer reviewed medicairjal that has been published continuously

since 1883; it is the most widely circulated metjoarnal in the world (retrieved April, 12,
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2011, from http://jama.ama-assn.org/site/misc/ghma.xhtml). The journal has an impact
factor for 2009 of 28.9. The impact factor is aasw@re that is often used as a proxy for the
relative importance of a scientific journal. Fbetmedical discipline, JAMA’s score is high. On
its recently revamped website, JAMA provides a gjesection,Informatics/Internet Medicine
from which all article citation, abstract, and teXbrmation was collected for the ten year
period.

While the New England Journal of Medicine is anotie@aowned publication in the
medical discipline, the publication’s website does have a distinct section for medical
informatics research like that found at JAMA’s wigdss Therefore, the study employed an
advanced query in Thompson Reuténstitute for Scientific Information (I1SI) Web afiéceto
identify articles. The&SI Web of Sciengarovides for simultaneous searching of 8oence
Citation Index - ExpandedheSocial Sciences Citation Indeand theArts & Humanities

Citation Indexdatabases.

Query Method

Using thelSI Web of Sciencguery service to collect articles for the NEJM following
Boolean query was performed:

TS=(“information system” OR comput* OR technol* Gftormatic) AND SO=(New
England Journal of Medicine)”

where TS is the ISI code for defining the topicséarch in the query, SO is the ISI code
for defining the publications to include in the s#m and the asterisks are wildcards,
representing any group of characters, includinghraracter (e.g., health* = health, healthy,

healthcare, etc.).
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MISQ, CACM, and ISR are the top three managemdatnmation systems publications
based on an analysis that synthesized nine prestodges’ journal (Rainer & Miller, 2005). Of
the three journals, CACM is the only managemerdrinition systems publication that has a
more practitioner based target audience. The ttherMISQ and ISR, target the academic
audience. Including these journals in the studyigles a good basis for understanding the
management information system discipline’s perspedn medical informatics. The reason for
using CACM is to garner the perspective of pramtiérs who are applying the technologies. In
other words, what are the information technologyfgssionals discussing? Again, this selection
is based on the call for a broader scope from ditieoss of the review articles in Chapter Two of
this thesis.

For each of the MIS publications, a query methadilar to the one used for the NEJM
was employed. Articles were included based orgtlery to identify those related to healthcare
and medicine. For the publications in the manageméormation systems discipline, MISQ,
ISR, and CACM, anothd6Il Web of Scienceearch was performed using the following Boolean
query:

“TS=(pharm* OR informatic* OR drug* OR health* ORedic* OR bio*) AND
SO=(MIS Quarterly)”

Note: For the CACM and ISR queries, the SO=(MIS qarby) were replaced with
SO=(Communications of the ACM) and SO=(Informatystems Research) respectively.

As previously mentioned, all abstract and citatidormation was input into a citation
manager database. The citation manager databaesfetudy is the freely available software,
Zoterg which can be downloaded at http://www.zotero.otgdtero integrates with the Firefox

browser—also free, and available from the non-pfjanizatiorMozilla—and Zotero stores
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citation information, abstracts, researcher nats, in arSQLitedatabase format. The source
code for SQLite is in the public domain; henceréhe much freely available software to
manipulate SQLite databases. Once in the SQLitbdae, the free application, SQLite
Manager, was used to query the database and ettteagbstract text, author information,
publication date, and other citation information éach record in the database. An example of
the code used to extract the JAMIA data from th&.ig&Qatabase is found in Appendix A.
Similar code was used to extract the data fronother publications.

It is important to note some particulars aboutdata collected for this study. While
previous researchers have excluded letters todiber ethis study included them because they
exemplify the views of members of the academic camity and the editors believed they were
important enough to be included in the journalthAugh the letters do not fall under the scope
of academic research and are not peer-revieweyl diheeflect views of the field. The letters to
the editor included in this study are comprisetheffull text of the letters. Likewise, while the
majority of the publications sampled are peer-rerei@, some of the articles from CACM, a
refereed journal, are not peer-reviewed. The skegy these articles in the overall dataset,

deferring to the judgment of the editors of thegbligations in adding the articles to CACM.

Data Preparation

After extracting the data from the SQLite datab#ssas imported it into Microsoft
Excel™ to perform manual data preparation and ahggprocedures. Theatefield from the
SQLite database included the year, month, and daw. four-digit year was extracted to use as a
categorization field. Many of the abstracts ineldétandardized formats including keywords
such a®bjective study designetc. It was necessary to remove the keyworgseeent their

skewing the quantitative analysis, centering resoeanalysis, which is based on noun phrases.
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Other minor modifications that did not affect thealysis included changing journal publication
titles to abbreviations and temporarily removing #uthor information.

If the article text met the exclusion criteriapihs removed, or excluded, from further
analysis. The exclusion criteria were definedrasaticle texts that were clearly unrelated to
medical informatics—they did not meet this study&ginition of medical informatics nor did
they have both information systems technology aadthcare related content. For the purpose
of this study, medical informatics is definedtls discipline dedicated to the systematic
processing, analysis, and dissemination of headthted data through the application of digital
information systems (computers) to various aspefctealthcare, research, and medicine
(Chapter Two). Unless the text met the exclusitteria, it was included for further analysis.
This approach was necessary to ensure that retssevere captured that some may consider to
be on the periphery of medical informatics, yetstika part of the field. Keep in mind, one
goal of this study is to extend the analysis ofrtteglical informatics literature beyond the
medical informatics journals to develop a broadetarstanding of what encompasses the field.
When in doubt, the preference for the study wasdiude articles, thereby deferring to the
journal keyword technicians for each of the ISI Véélscience databasescience Citation
Index - ExpandedheSocial Sciences Citation Indeand theArts & Humanities Citation Index
This is because researchers searching for medioaimatics literature using terms similar to
that used in this study will receive similar respthey will base their analyses off said results.
Again, the intent is to include articles and untird the discussion in the field of medical
informatics.

Upon completion of the data cleaning, the artield tlata was exported as text files by

year and publication for the quantitative phasthefstudy. The centering resonance analysis
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software requires input in the form of text thampdies with the American Standard Code for
Information Interchange (ASCII) standard. The AB€kt format is a standardized character-
encoding scheme based on the English alphabkaslbeen a standard format since its origin in
1963, it is very common, and most software appbecatcan import data that is in the ASCII
format.

No special preparation was necessary to prepamgtiaset for the qualitative phase of
the study. DiscoverText web-based software wad f@ethe manual coding process.

DiscoverText is able to use Excel™ files in thewgrietary format without modification.

Centering Resonance Analysis

In the past two decades, as technology has impravadremendous pace, the amount of
data produced has similarly grown at a rapid pakegreater volumes of data become available
for analysis, content analysis “by hand” becomesdasingly difficult and unreliable. Coder
fatigue increases the likelihood for unreliableiogd Manpower costs can become prohibitive
because of the hours required for analyzing laegest Word counts can be nearly impossible to
perform on massive texts. Decades ago, contehtsasavere limited to relatively small bodies
of text because of these limiting factors. Todaywever, with the advent of faster processors,
larger storage devices, greater memory, and supggaphics capabilities, computers are useful
tools for the content analyst. With computers ysta are able to parse massive volumes of text
and analyze the texts in ways that were imposgilstea few decades ago. As an example of the
voluminous texts for analysis, the accumulatedstéxt this study from only a ten-year period
equate to about 2,600 pages of text. While corgralysts have been using computers to
perform frequency counts and provide word listsylears, newer methods of analysis requiring

greater computing power are now affording schalaesopportunity to delve into texts with a
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more artificially intelligent approach. One sucktirod, centering resonance analysis, is a
means to analyze text for noun phrases and pravidb/sis based on the noun phrases. A noun
phrase is “a noun plus zero or more additional samd/or adjectives, which serves as the
subject or object of a sentence” (Corman, et @022p. 174).

Centering resonance analysis is a “text analysibodethat has broad scope and range
and can be applied to large quantities of writeett &nd transcribed conversation. It identifies
discursively important words and represents thesergetwork, then uses structural properties of
the network to index word importance” (Corman,let2002, p. 157). As inferred from the
previous quote, centering resonance analysis cadidéarge bodies of text that would be
virtually impossible for human coding. As an exden@orman and colleagues’ (2002)
estimated that if they were to analyze the comnatians of a small, 50 person organization for
one week by recording all discussions of the engegythey would generate about 18,750
transcribed pages of text. Aside from the chakeofgetting coders even willing to try to code
that much, there would be problems in preventirdecdatigue, and the likelihood that the
coders’ viewpoints would change between the fiegjgopcoded and the last page coded would
increase. That is where the benefit of using cdatmnal models for analysis lies.

Centering resonance analysis “finds and maps cémtieging diverse chains of
discussion and reasoning in and across conversatioen can compare maps between different
groups and organizations” (Mcphee, Corman, & DooB®p2, p. 275). Centering resonance
analysis is grounded itentering theoryfCorman, et al., 2002). Centering theory derites
name from the idea that authors focus their writiiéements arouraénters words or noun
phrases that form the subjects of the discusswamat the author is writing about. These centers

connect to previous centers and subsequent ceatiEsn a cohesive network of speech. In
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other words, these centers connect with other,esjuent centers to create a flow of ideas that
the reader is able to comprehend. For each grgugitext after the first, there is a center that
links backward toward the best forward-looking eeritom the previous grouping of text.

A simple nursery rhyme provides a basic exampka@iconcept: “Jack and Jill went up
the hill to fetch a pail of water. Jack fell downd broke his crown, and Jill came tumbling
after.” In the first sentence, the noun phraseKkJalill” is linked to the “hill” and the “hill” ¢ a
backward-looking noun phrase to the initial “Jadkl] noun phrase center. In the second
sentence, “Jack” is a backward-looking center lin&s to the “Jack | Jill” center from the
previous text (sentence) and it is that link thatites the network of coherent ideas that helps the
reader understand the flow from the first senténdbe second. These networks of centers
represent the main concepts, influence, and in&tiwaships of the text; they are predictable and
make the texts comprehensible and relevant. Thid networks created with centering
resonance analysis illuminatdéluential words, words that “facilitate the connection ofaning
among many different words, across very differentgof the overall word network” (Mcphee,
et al., 2002, p. 278), and are “very rich datacitmes that preserve significantly more
information about a text than keywords or word frexacy statistics” (Corman, et al., 2002, p.
172). Referring back to the Jack and Jill examg#@tering resonance analysis measures the
influenceof the word as how often the word is between otiands, the “betweenness
centrality” of the word and indicates the “likeliba of being on the shortest path in the network
connecting any other two words” (Corman, et alQ2@. 172). As illustrated in Chapter Two,
there have been analyses of the literature ushighietric methods, surveys, and non-empirical
methods. Using centering resonance analysis exteurdent medical informatics knowledge

both in methodology and in understanding of thecttme and content of the discipline.
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Data Analysis — Centering Resonance Analysis

The purpose of the quantitative first phase ofstinely was to extract medical informatics
themes from the article texts collected from theesesample journals. When working with large
bodies of text, manual thematic analysis can be-tomsuming and is open to errors from coder
fatigue. Drawing from seven publications overmayear period is likely to result in a large
volume of text and, therefore, is a good candifat@automated coding. Using a software
application can aid in reducing the informatiorthe texts to a more manageable size. The
software selected for use in this study was sppadifi developed to support centering resonance
analysis and is namégrawdad Text Analysis Systé@orman & Dooley, 2006).

The first stage of the centering resonance anailysisded developing noun phrase
network information for each of the separate yeatsxts. Centering resonance analysis
generates meaningful networks of nouns and nousisplrthat represent the main concepts of a
body or bodies of text. The influence and intextiehships of these networks are developed
during the analysis. Using the Crawdad softwdre résearcher analyzed the article data files
and created three statistics for each year ofttidysnodes density andgroup influence The
measure producedrede—indicates the number of centering points, or nant noun phrases
the network contains; a node is a point of conpactithin a centering resonance analysis
network. Thedensityis a ratio of the number of network connectioreg #xist among nodes
compared to the number of network connectionsdbald possibly exist and is an indicator of
how tightly connected the network is. Tém®up influencescore is an indicator of how coherent
the entire network—in this case, each of the artiekts file—is within itself. A high group

influence score indicates that the network is higbtused and centralized. Both the density
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and group influence scores are standardized meagitfeminimum scores of zero and
maximum scores of one.

In addition to the node, density, and group infeeeproperties, the top 50 influential
words for each of three stratifications of arti®ts was collected. The first stratification was
by year to assess variations over time. The seanddhird were to assess variations between
the medical informatics publications and the nordiced informatics publications. The more
influential the word is, the more it “ties other s together in the text network and facilitates
meaning” (Tate, Ellram, & Kirchoff, 2010, p. 24nfluence scores range from zero to one;
influence values of .01 or greater are consideigrafecant, and influence values of .05 or
greater are considered very significant (CormandBy, 2006). The influence values and the
top influential words provide an overview of thengeal themes throughout each year and can
provide a basis to identify consistency of themesr the years.

Finally, the article texts were consolidated intparate medical informatics and non-
medical informatics files; the article texts thatree from JAMIA and 1IMI went into the medical
informatics file and the texts that came from CACMMA, MISQ, ISR, and NEJM went into
the non-medical informatics file. As with the al#i texts by years, the node, density, and group
influence information, and the top 50 influentiadnds for the medical informatics article texts
and the non-medical informatics texts were colléctéhe articles from mainstream medical
informatics publications and those from publicati@f the closely related fields of medicine and
management information systems were assessedfienedices.

An exploratory factor analysis (EFA) using the 50sminfluential words of the texts of
all years and all publications as variables withitifluence values as score values for each of the

variables was performed. The EFA used principaimonents analysis with Varimax rotation to
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assess the underlying thematic structure of thg bbdbstract texts. The number of factors to
extract was based on an eigenvalue cutoff of oith,all factors greater than one extracted. The
result of the EFA provided a first look at emergthgmes.

The EFA provides a good foundation to develop treosing the factors identified.
However, some scholars suggest a further stepreelfés as latent coding via manual human
coding to discern the unobservable content fonied the themes (Tate, et al., 2010). Principal
Components EFA is used to “mathematically derivelatively small number of variables to use
to convey as much of the information in the obseéfweasured variables as possible” (Leech,
Barrett, & Morgan, 2008, p. 58; underlining fronetbriginal removed). The EFA is a data
reduction method, but identifying the themes frév@ teduced data set requires human
interaction. This human interaction, latent codirgyeals a richer depth of understanding of the
underlying constructs.

There are disadvantages to latent coding methadg\er. When subjectivity is
introduced during the latent coding, reliabilityges to deteriorate. Although this argument
may discourage latent coding, centering resonanalysis only develops networks of words
(specifically, nouns and noun phrases) and not orof theoretical constructs or concepts.
Thus, the secondary latent coding analysis is wggthand can “logically connect words to
themes and strengthen the face validity of the #idifate, et al., 2010, p. 25) . Starting with
the rotated factor solution, descriptive namesefmrh of the factors were developed. The names

indicated the themes determined to be inherentdriexts associated with each of the factors.

Operationalized Variable Definitions

As stated, the purpose of this study was to andahgenedical informatics discipline for

emerging themes and topics. Based in the predsasission of the literature, the coding
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categories are developed. As a point of referahteimportant to restate the research questions
and sub-questions before clarifying the codinggaies.

Research Question 1: What themes have emerged meHical informatics discipline

since its inception in the 1960s?

Sub-question 1: What themes emerge from the meiticaimatics literature?

Sub-question 2: What medical informatics themesrgem&om the related fields of

medicine and management information systems?

Research Question 2: What challenges exist fomibaical informatics discipline?

Research Question 3: What future directions doeditdrature suggest for the field?

The preceding questions provide the basis for theual coding and analysis of the
sample of articles collected. The diffusion ofamations theory serves as the theoretical
framework for this study. Qualitative and quanivta content analysis methods are used to
obtain and analyze the data. Rogers’ perceiverhctexistics of innovations and Haux’ view of
the application sub-domains of medical informatiese used to created the variables for this

study (Table 3.2).
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Table 3.2
Operationalized Variables

Variable

Description

Title
Author
Publication Year

Journal Title

Remove

Direct Patient Care

Business Analytics

Information Architecture

Relative Advantage

Compatibility

Complexity
Trialability

Observability

The title of the article to identify and dediate specific articles
from one another

The full name of the article’s author to yide further
identification and specification.

The year that article was publisteeprovide article identification
and to delineate by year.

The journal title to provide artictentification and to delineate
between medical informatics and non-medical infdrosa
publications.

The article text is unrelated to medicadrimfatics and should be
removed from the dataset

Information system/technoldwt tontributes to good medicine
and good health for the individual and aids orgational leaders
in making decisions (e.g., electronic medical rdspr

Exchange, creation, distribyteomalysis, or adoption of medical
and health knowledge ideas, insights, and expergenathin and
across organizations (e.g., data mining for heaitiorting)

Contributes to well-orgaed, patient-centered health care and
appropriate information management (e.g., intraoizational
health information systems architecture; healtbrimiation data
exchange standardization)

The degree to which an innowas@erceived as better than the
idea it supersedes

The degree to which an innovatiopésceived as being
consistent with the existing values, past expegsnand needs of
potential adopters

The degree to which an innovation iscpered as difficult to
understand and use

The degree to which an innovation nitsyexperimented with on a
limited basis

The degree to which the results oinaovation are visible to
others

Note. Perceived Characteristics of Innovations are fRwogers, 2003, pg 170.
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For both phase | and phase Il of the analysis, fauables were applicable to the
research questions, sub-questions, and theor&ioadlation of the study. These are the manifest
variables. The four variables related to the dpsiee aspects of each article abstract and include
the following manifest variables:

Variable 1: Title. Theitle of the article to identify and delineate spec#iticles from
one another.

Variable 2: Author. The full name of the articlasthorto provide further identification
and specification.

Variable 3: Publication Year. The year that aetielas published to provide article
identification and to delineate by year.

Variable 4: Journal Title. Theurnal title to provide article identification and to
delineate between medical informatics and non-nadaformatics publications.

The second group of variables, variables five tglholi3, focus on two areas, both of
which are more inferential, or latent, in naturarthhey are manifest. The data collection used
an approach with an inclusive focus when seleamigles for analysis. With a conservative
inclusive approach, there is a greater likelindwat articles collected will not pertain to the
subject matter. Therefore, it was necessary todecan option for the coders to identify an
article as one that should not be included in ertimalysis. Variable fivd&Removegis the
variable used to indicate the coder’'s recommendatavithdraw the article from further
analysis. In phase II, the manual coding phaskeotudy, the variables were focused toward
the coding of the articles and are based more®udbers inference of the article. The variables
can be considered the latent variables. The |lamdbles focus on the ideas around each

article’s fit in the perceived characteristics mfiovations and its applicability to the three
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overarching sub-domains as suggested by Haux (201Dgnhanced previously in this study. In
Haux’ review, he offers the three application saordins of medical informatics:

- medical informatics contributing to good mede&end good health for the individual,

- medical informatics contributing to good mediaall health knowledge, and

- medical informatics contributing to well-orgaed&zhealth care (Haux, 2010, p. 604).

Using Haux’ three sub-domains as a basis, the giadgrated the variableBirect
Patient CareBusiness Analyticandinformation Architecturdvariables six, seven, and eight,
respectively). Variables nine through Rlative Advantage, Compatibility, Complexity,
Trialability, andObservability are drawn from the perceived characteristicaiobvations from
Rogers’ Diffusion of Innovations theory (2003). diag the article texts for the presence or
absence of the latent variables in the two groupsiges a representation of the pattern and
frequency of the concepts in other scholars’ workke following codes and definitions were
appropriate for the analysis.

Variable 5: Remove. As stated, the articles in tategory are those that unrelated to
medical informatics and should bemovel from the dataset and not used for further analysi

Variable 6: Direct Patient Care. An article co@dasdbeinglirect patient carewill discuss
information system/information technology that gdnites to good medicine and good health
for the individual and aids organizational leadarsaking decisions (e.g., electronic medical
records).

Variable 7: Business Analytics. Thesiness analytiosode includes articles that discuss
the exchange, creation, distribution, analysigdoption of medical and health knowledge ideas,

insights, and experiences within and across orgéoizrs (e.g., data mining for health reporting).
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Variable 8: Information Architecture. An articleded asnformation architecture
includes a contribution to well-organized, patieatitered health care and appropriate
information management (e.g., intra-organizatidreith information systems architecture;
health information data exchange standardization).

Variable 9: Relative Advantage. In the first oé therceived characteristics of
innovations, an article coded ieative advantagés one that discusses the degree to which an
innovation is perceived as better than the ideapersedes.

Variable 10: Compatibility. Aompatibilityarticle addresses the degree to which an
innovation is perceived as being consistent withekisting values, past experiences, and needs
of potential adopters.

Variable 11: Complexity. To be included in tt@mplexitycode, the article must
consider the degree to which an innovation is peedeas difficult to understand and use.

Variable 12: Trialability. A discussion of the deg to which an innovation may be
experimented with on a limited basis is the request for an article to be coded with
trialability .

Variable 13: Observability. An article codeliservabilityis one that addresses the

degree to which the results of an innovation asélie to others.

Qualitative Data Analysis - Manual Coding

Coders and Coding Procedures

The second phase of the study, the manual codiageplis primarily focused toward
gaining an understanding of the sub-domains ofriadical informatics discipline and the

appropriateness of diffusion of innovations theiorthe medical informatics discipline. The
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coders included this researcher and two fellowa@atistudents in the management information
systems program at a major university. At the tohthe study, both of the secondary coders
had completed their doctoral coursework and thminrehensive exams. The coders were
selected because of their experience with diffusioimnovations theory through independent
research and a focused seminar. In addition,dtlers were familiar with this study and bought
with them previous qualitative content analysiseesh experience.

The manual coding phase of article theme variatdeléng spanned four weeks. The
coders reviewed and discussed the coding procedutésll fully understood the directions and
intent. The coders participated in a practice mgdiession of about 10-15 article texts from the
data set after which adjustments to the codinggmoes were made to ensure reliability and
understanding. After unanimous agreement on tdenggrocedures, each coder independently
coded their data set using the online text anafplication, DiscoverText
(www.discovertext.com).

DiscoverText provides a means for users to rapidtje electronic data through a novel
interface. Users can use mouse clicks or keybslaodcuts to select the codes for their text;
however, the speed of the system is found whersussr the keyboard for coding. Keyboard
shortcuts were assigned for selecting the appri@peiade (e.g., “X” for Complexity, “D” for
Direct Patient Care) and a keyboard return keg&luio move to the subsequent text. Arrows
can move to previous or subsequent texts. AlthdRighoverText provides additional analysis
tools, none were used for this study.

The coders analyzed article abstracts, lettersg@ditors, and brief introductory
statements (hereafteext9 of journal articles, searching for medical infatics themes in the

article texts. The coders received explicit instians on using DiscoverText to code the article
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texts (Appendix B). The medical informatics defiom—the discipline dedicated to the
systematic processing, analysis, and disseminatitrealth-related data through the application
of digital information systems (computers) to vag@spects of healthcare, research, and
medicine—was provided to the coders to give them a comnmaierstanding and starting frame
of reference. The coders were advised of the relsemestions and sub-questions for the study
and were instructed to keep the research questidhs forefront of their minds during coding.
The coding instructions included a direction fog ttoders to familiarize themselves with the
coding variable definitions as mentioned in thevimes section and to use the definitions for
identifying articles with the two groups of latesatriable codes. Further, the coders were
advised to take a ten minute break after codinteRe or after one hour. After breaks, the
coders were to re-read the operational definitemms coding instructions before restarting the

coding process.

Inter-coder Reliability

Given the large size of the dataset, minimum coderlap was set at 15% for the second
phase of the study, the manual coding phase. Adfindhe greater the overlap, the greater the
opportunity to recognize coder and codebook disoreles, 15% ensures adequate coverage,
particularly when using three or more coders. \htiee coders, it is less likely that chance
agreement will occur. For chance agreement toragben inter-coder reliability is measured,
the coders would have to select the same codenolpna selection. To address the potential for
chance agreement, the researcher calculated spapentages of agreement and Krippendorff's
alpha for each of the secondary coders agreemdémtha primary coder. Krippendorff's alpha,
with its origin in content analysis, is appropribtrause it scales well across any number of

coders (greater than one) and sample sizes, aad ibe used when the data set includes missing
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data (Hayes & Krippendorff, 2007; Krippendorff, 200 Krippendorff recommends heuristics
for the use of alpha with the caveat that “the cbaif reliability standards should always be
related to the validity requirements imposed onrdsearch results, specifically to the costs of
drawing wrong conclusions” (Krippendorff, 2004,24.2). In content analysis research,
» variables with alpha values below alpha .667 are generally considered unreliable and
should not be accepted,
» variables with alpha values betweer .667 andx = .800 should be used only for
drawing tentative conclusions, and
» variables with alpha values greater tlan .800 can be considered reliable
(Krippendorff, 2004, p. 241).
Because the cost of drawing wrong conclusionsisidtudy is low, the listed heuristics
are acceptable. For each applicable variable cogedially in the second phase of the study,

the study reported the simple percentages of agneeamd the Krippendorff's alpha.

Chapter Summary

This chapter explains the two content analytic méshchosen for and implemented in
this study. Seven academic publications that leéther a mainstream medical informatics focus
or a focus in the related fields of medicine or ageament information systems comprised the
population from which the sample data were collgctéhe journals from which article texts
were collected were thiurnal of the American Medical Informatics Assticia and the
International Journal of Medical InformatictheJournal of the American Medical Association
theNew England Journal of Medicinklanagement Information Systems Quartdrijormation
Systems ResearcindCommunications of the Association for Computing iMiaery. All article

texts from the medical informatics publications floe years spanning 2002 — 2011 were
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collected. Queries were used to collect artiategtie same period from the non-medical
informatics publications.

After collecting and preparing the data, the stadglied two content analytic methods to
identify emerging themes in the literature. Thetficentering resonance analysis, is a
guantitative method used to identify influentiaungphrases from a body of text. As a
complement to the centering resonance analysisttitly performed an exploratory factor
analysis using the most influential words identifia the centering resonance analysis to extract
themes from the texts. The second phase of tloy gerformed manual coding of the article
texts using categories identified from the literatteview and the steps established in the coding
procedures. The coders documented the data usiogliae text analysis todDiscoverTexand
an inter-coder reliability analysis was performddhe next chapter presents the findings of the

two content analytic approaches.
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Chapter 4. Findings

This research study is an exploratory analysistedain the prevalent themes, the
challenges that exist, and future directions ferriedical informatics discipline. To derive the
data for the study, seven scholarly publicationsavgampled from the ten-year period of 2002 -
2011. The sample population included abstractaaticle texts drawn from the mainstream
medical informatics publicationkournal of the American Medical Informatics Assticia
(JAMIA), andInternational Journal of Medical InformatiqsJMI). Additional samples were
collected from publications in the related fieldsreedicine and management information
systems: thdournal of the American Medical Associati@iAMA) the New England Journal of
Medicine(NEJM),Management Information Systems Quart¢klySQ), Information Systems
Researci{ISR), andCommunications of the Association for Computing ihtaery (CACM).

From the medical informatics publications, JAMIAdaldMI, all the published articles for the

ten year period were collected. For those pubboatoutside the medical informatics
mainstream, JAMA, NEJM, MISQ, ISR, and CACM, thedst used queries focused on medical
informatics terms to identify articles to colleot fanalysis. This chapter discusses the results of
the two phases of the study. Phase I, the quawnétanalysis, includes the discussion of the
centering resonance analysis technique for idengfthemes—an approach focused on the
manifest content—and Phase II, the qualitativeyamslincludes discussion of the manual
coding approach used for further theme identifaraind categorization based on the latent

content of the texts.
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Descriptives

Several criteria were used to select articlesimgtudy. Using a decade as the basis for
the study, for the journals published from 200212 a broad spectrum of journal articles were
included that spanned the medical, medical infolcaand management information systems
disciplines. To cover the medical informaticsdighrticles were sampled from two mainstream,
highly rated, medical informatics publications: tleirnal of the American Medical Informatics
Association(JAMIA), and thelnternational Journal of Medical Informati¢séJMI). To
incorporate the medical discipline, theurnal of the American Medical Associati@AMA)
and theNew England Journal of Medici{®EJM) were sampled. Finally, to ensure the field
closely related to medical informatics, managengotrmation systems, was represented,
articles fromManagement Information Systems Quart¢MyySQ), Information Systems
Researci{ISR), andCommunications of the ACCACM) were included.

While previous researchers have excluded lettetiset@ditor, this study included them
because they exemplify the views of members oattaemic community and the editors felt
they were important enough to be included in theral. The letters reflect the views of the
field despite their not being considered acadersearch (i.e., not peer-reviewed). For those
letters that are included, the full text of thedets incorporated into the dataset. Further,esom
of the articles from CACM, a refereed journal, aot peer-reviewed; yet, they are included for
reasons similar to those for letters to the editéach of the letters to the editor and non peer-
reviewed articles take valuable publication spaa®ifthe editors believe they are important

enough to include, this researcher accepts thagment. These article texts remained in the
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overall dataset, deferring to the judgment of ttikoes of these journals in adding the articles or
letters to their publications.

Based on the different types of publications, wagyineans of collecting the articles were
used. For the medical informatics publicationsVlJA and 1JMI, the sample includes all
articles for the ten-year period determined forghealy. For the medical journals, the sample
used two different techniques: for JAMA, the stadylected all the articles from the specific
section of their online journal devoted to medic&rmatics and internet-based medicine. For
NEJM, the study used a Boolean query in ThomsondRsuSI| Web of Knowledge collection
to extract articles that involved the relation bedww medicine and information technology.
Likewise, to ensure a broad view of the medicabinfatics discipline, the researcher queried the
ISI Web of Knowledge collection for medically-redatarticles in MISQ, ISR, and CACM (see
Chapter Three for sample query code). Using thi@wa means of data collection, the study
gathered all the article texts in a citation mamagétware application.

Using the citation manager software, Zotero, ditkr information was captured in an
SQLite database—the SQLite format is in the pudimain and, therefore, free. Once collected
in the SQLite database, the abstract text, autiformation, publication date, and other citation
information for each record in the database weteeted in a comma separated value format, a
common spreadsheet format, for the data preparatidrcleaning process. An example of the
code used to extract the JAMIA data from the SQtatabase is found in Appendix A. Similar

code was used to extract the data for the othdigatilons.
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Data Preparation

The manual data preparation and cleaning procedhegasn after using the comma
separated value formatted files to import the d#ttaMicrosoft Excel™. As part of the
cleaning, the four-digit year and the publicati@m® were extracted for use in identifying and
discerning each article text. Some of the pulkbeetincluded relatively standardized abstract
formats including frequently used keywords sucphuwapose objective study designetc. To
prevent skewing of the quantitative analysis, whichased on noun phrases, these high-
frequency keywords were removed.

The next step of the data preparation process stedsof evaluating the data for
exclusion from further analysis. One exclusiotecion was defined as any article text that was
clearly unrelated to medical informatics. To beatly unrelated to medical informatics, the
article texts could not meet this study’s defimtiaf medical informatics. In addition, the article
texts were excluded if they did not have conteat #udressed both information systems
technology and healthcare. The exclusion critegee used conservatively to ensure a broad
perspective of the medical informatics disciplin@swcaptured. Unless the text specifically met
the exclusion criteria and therefore, was remottesltext was retained for further the analysis.
One of the objectives of this study was to garmeuraderstanding of the field of medical
informatics from a wide perspective. For exampléicles discussing computed tomography
(CT) scans were included even when the discusgitimei article was focused more toward the
medical aspects of the scans than the CT technology

The results of the data collection and cleaning@ss are found in Table 4.1. The

manifest content—that which is observable—is exggdsas quantitative descriptive data
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representing the ten years of journal publicatserepled. The original dataset based on the
inclusion criteria totaled 2,315 article texts dhd subsequent total after data processing equaled
2,188. These values are represented in TableTalle 4.1 includes the number of articles per
journal from the original collection phase, the fognof articles removed based on the exclusion
criteria, the total remaining articles, and the bemof remaining articles represented as a
percentage of the original dataset. The numb@resent a baseline from which frequencies and

percentages are generated for the themes fouhe ianalyses.
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Despite the conservative exclusion approach, 5%(9) articles were removed from
the original NEJM collection before subsequentgsial This may indicate an
overuse/improper use of terms such as “informatistem” in the medical literature. Or
perhaps, this is an illustration of the overlap amdtidisciplinary focus of the medical
informatics field, and thus illustrates the diffites of comprehensive analysis in the discipline.
Regardless, the 59 articles removed did not recassiarch or discussions related to medical
informatics as defined for this study. After dekeaning, 141 (70.50%) of the original 200
articles remained for subsequent analysis.

Difficulties lie with journals that are not speciilly focused toward academia. While in
academic publications there is a relatively statidarmat for articles which include an abstract.
Such is not the case with the quasi-practitionadamic focused publication, CACM. For
example, with CACM, of the original 70 articlesueted from the query, only 23 (32.86%)
included abstracts. For the remaining 47 (67.14fdgles, it was necessary to manually extract
the abstract information from the article text.tekfassessing the CACM articles against the
exclusion criteria, 18 (25.71%) articles were regtbfrom the data set; two contained errata
data and 16 did not meet the criteria of discussirdicine and technology. Thus, the total of
usable CACM articles after data cleaning was 522@% of the original).

The large number of IIMI articles (966) produceth riesults. Of the 966 articles
collected in the inclusion phase, only 17 were readp retaining 949 (98.24%) for further
analysis. Of the 17 (1.76%) articles excludedsehwere errata data, three were calls for papers,
one was a list of submission instructions for atghand one was a tribute to a scholar who had

passed away. The remaining nine excluded artictdsded publication announcements, a list
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of conference participants, an editorial board memtisting, and similar non-medical
informatics specific information.

Another large number of articles came from JAMIBecause it is a mainstream medical
informatics publication, all JAMIA article texts weecollected for the period 2002-2011. From
the original 812 articles collected, 33 (4.06%)céet were removed, leaving 779 (95.94%) for
further analysis. Unlike IJMI article texts, JAMI&xts did not include any extraneous texts
such as errata or submission instructions. AlhBRle texts were removed based on their
meeting the exclusion criteria.

No article texts from the original data collectimn each of the three remaining
publications were removed. Based on the previostsifed collection method for the
publications and the exclusion criteria, it was metessary to exclude any texts from them. The
full complement of article texts were retained $absequent analysis from the publications, ISR,
JAMA, and MISQ N = 10, 238, and 19, respectively).

To prepare the data for use in the quantitativéigroof the study with the centering
resonance analysis software, the data were expooedMicrosoft Excel™ in the character-
encoding scheme, ASCIl. The American Standard Gadmformation Interchange (ASCII) is
a commonly used text format that is readable bytmafware applications. The ASCII format
is based on the English alphabet and his beereifousiecades. The centering resonance
analysis software requires data input in the AS&it format.

For the manual coding qualitative phase of theysttite Excel™ files were used without
modification from the way they were upon completadrihe cleaning process. The

DiscoverText web-based software was used for tdenggprocess is able to import, among
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many other formats, Excel™ files in their proprigtbormat. The import process in

DiscoverText is straightforward and streamlined.

Mixed Methods Analysis

The study is comprised of two phases, the semiraatied quantitative method, and the
gualitative method. To perform the quantitativagd, software was used for the automated
portion and the automated result was followed withanual analysis component, hence, the
termsemi-automated method o analyze the data in the second phase ottidy,she
gualitative phase, three researchers coded theébdatal on criteria derived during the literature
review (see Chapter Two). The coders read thelatgxts that remained after the data
preparation/cleaning process and coded them fegoatation in the appropriate theme and/or
characteristic classification(s) using the procedun the Coding Procedures handout (Appendix

B).

Phase I: Quantitative Data Analysi€Centering Resonance Analysis

The first phase of the study, the quantitative gsialphase, was comprised of analyzing
the prepared dataset using centering resonancgsanalethods to extract medical informatics
themes from the article texts collected from theesesample journals. Because the focus of the
study is on the emergent themes in the medicaitnmdtics discipline over time, the citation
information and abstracts were collated by yearsawkd as text files for further analysis. The
result of the data cleaning and collation yieldggBB pages of text to analyze. Computer-
assisted analysis is beneficial when working wattyé volumes of text. The software used in
this study was specifically designed to supporte@mg resonance analysis and is named
Crawdad Text Analysis Systé@orman & Dooley, 2006).
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Noun Phrase Network Information

The first stage of centering resonance analysisistad of generating noun phrase
network information for the entire dataset as alehihe individual years, the aggregated
medical informatics publications, and the aggredjaten-medical informatics publications. The
results for all years combined and the individualfaund in Table 4.2 (table limited to the top
twenty words for clarity). With all years and pigattions combined, the number of nodes—the
number of noun or noun phrases in the network—jSAL7(Table 4.2 “All Years Combined”).
The density score was .0018 (the density scoreas@of the number of network connections
that exist among nodes compared to how many casgdiply exist). The group influence score,
an indicator of the coherency of the entire netwafrkoun phrases, was .0596. Both the density
and group influence scores are standardized meagitfeminimum scores of zero and
maximum score of one. The weak density and infleegtores indicate that the network of noun
phrases among all publications is not tightly canee and the texts are not very coherent within
the network; i.e., there is much diversity in tloatent of the journal article texts.

When segregating the results by mainstream meiicaimatics publication versus non-
mainstream, the noun phrase network informationvsteimilar, loosely connected networks of
noun phrases, but a higher level of coherency.thage article texts that came from the medical
informatics mainstream publications, the densitg wWw#®242 (Table 4.2 “MI Pubs - All Years”).
While the density is greater than that of the coralidataset, it is not a indication that the
network is tightly connected. In fact, the netw@hoosely connected. The density of the non-
medical informatics publications texts was not samally better (density = .00225; Table 4.2
“non-MI Pubs - All Years”). Likewise, the groupfinence values for the medical informatics

publication texts and the non-medical informatiablcation texts are low (.07606 and .09553,
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respectively). Both of these group influence ssandicate that the article texts, once segregated
by those that are from the mainstream medical mé&tics journals and those that are not, are
slightly more coherent than when they are aggregaiée higher coherency indicates that the
discussions in each of these segmented groupgtsfhiiave a greater propensity toward common

themes than when combined.
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The results of the article texts separated by geasimilar to those for the “All Years
Combined” dataset (Table 4.3). The density scraege from a high of .0052 for 2011 to a low
of .0031 for both 2004 and 200M & .0036,SD = .000629). The Group influence values range
from a high of .1207 for 2011 and a low of .07782007 M = .0947,SD=.014179). These
density and group influence scores suggest thartiete texts included in this study are

comprised of fairly diverse discussions.
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Table 4.3 (continued; 2010-2011)
Noun Phrase Network Information by Year

Years 2010 2011
Nodes 4,166 2,226

Density 0.0039 0.0052

Group Influence 0.0780 0.0962
Word Influence Word Influence
system .078 system .097
health .067 health .093
patient .063 patient .086
data .055 information .075
information .047 care .066
medical .038 data .058
use .037 medical .044
study .030 use .035
care .027 study .032
technology .021 technology .030
clinical .020 clinical .029
implementati .019 user .028
physician .018 physician .026
analysis .018 method .025
method .017 hospital .019
new .017 model .017
research .015 research .016
hospital .015 potential .015
record .015 analysis .015
time .014 case .014

Note. MI = medical informatic

Influential Words

In addition to the node, density, and group infeeeproperties, the top 50 influential
words for each of the groups of texts were gendrg@ee Tables 4.2 and 4.3; tables limited to top
20 influential words for clarity). The influence®e is normalized and ranges from zero to one.
The higher the influence score, the more influéniie word is. The influence scores of .10 or
greater indicate that the words are significantfuiential. The more influential the word is, the
more it is the central point, tying together theamags and thoughts of the text. Some of the
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most influential words across all years and categdj.e., medical informatics mainstream vs.
non-mainstream) includeatient, system, health, data, information, medickical, care,and
hospital The influence of these words should be expaateddiscipline founded in the fields of
medicine and information technology. While the ioftuential words give a hint toward the
themes of the medical informatics literature, farthnalysis can extract a refined perspective on

the field.

Exploratory Factor Analysis

To assess the underlying thematic structure ofitedical informatics literature, an
exploratory factor analysis (EFA) was performedhe 50 most influential words were the
variables and the influence values were score gdhreeach of the corresponding variables.
The EFA was performed using principal componengdyais with Varimax rotation. Based on
an eigenvalue greater than one cutoff, the reguftintor solution includes 17 factors and
explains 85.85% of the variance (Table 4.4). Aftgation, the first factor explained 9.64% of
the variance, the second factor accounted for 6.808te variance, the third factor accounted
for 6.61% of the variance, the fourth factor expéml 5.91% of the variance, the fifth factor
accounted for 5.83% of the variance, the sixthdiaatcounted for 5.71% of the variance, the
seventh factor explained 5.66% of the varianceetgbkth factor accounted for 5.30% of the
variance, the ninth factor accounted for 4.43%hef\uariance, the tenth factor explained 4.08%
of the variance, the eleventh factor accounted f08% of the variance, the twelfth factor
accounted for 3.91% of the variance, the thirteémttor explained 3.87% of the variance, the
fourteenth factor accounted for 3.86% of the vargrnhe fifteenth factor accounted for 3.85%
of the variance, the sixteenth factor explaine@%»f the variance, and the seventeenth factor

accounted for 2.86% of the variance.
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Table 4.4
Variance Explained

Component % of Variance Cumulative %
1 9.64 9.64
2 6.80 16.43
3 6.61 23.04
4 5.91 28.95
5 5.83 34.78
6 571 40.49
7 5.66 46.15
8 5.30 51.45
9 4.43 55.88

10 4.08 59.96
11 4.03 63.99
12 3.91 67.89
13 3.87 71.76
14 3.86 75.62
15 3.85 79.47
16 3.52 82.99
17 2.86 85.85

The rotated factor loadings provide a starting pfmnevaluating the themes (Table 4.5;
loadings less than .40 are omitted to improve tyfariThe first factor received strong loadings
on the influential wordsonfidentiality, surveillance, protocol, provideime anddiseasg.983,
982, .965, .781, .725, and .551, respectively)e 3econd factor had strong loadings on the
influential wordsmaker(.979),HIT (.968),procesq.744),andresearch(.735) The third theme
had strong loadings on the influential worskstvice(.929),user(.911),technology.901), and
risk (.540). From the fourth group, the influential Wecomputing, computer, healtand
medicalmaterialized (.870, .743, .615, and .590, respelgfi. The fifth factor received strong
loadings on the influential wordpeer, internetandindividual (.956, .935, and .841,
respectively). The sixth factor had strong loading the influential wordsgyuality,physician,
hospital, care, medicagndclinical (.873, .735, .702, .514, .493, and .422, respdgjivd he
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seventh factor had strong loadings on the inflaémtords,CT, risk, method, system, patient,
diseaseanduse(.-.778, -.612, .562, .540, -.543, -.507, and -,489pectively). Of the seventh
group of influential words, five had negative loagh,CT, risk, patient, diseasanduse The
eighth theme had strong loadings on the influemt@ids,firm, IT, andknowledgg.951, .888,
and .651, respectively). The ninth factor hadrgjrimadings on the influential wordgsult,
study,andanalysis(.842, .792, and .434, respectively). Out oftdreh group, the influential
words,attitude(.929),information(.699),andindividual (.401)arose. The eleventh factor
received strong loadings on the influential wors)ferencg.801)anddata(.796). The twelfth
factor had strong loadings on the influential wodsse, procesandproject(.924, .566, and
.564, respectively). The thirteenth factor hadrstrloadings on the influential words,
performance, analysigndknowledgg.833, .774, and .423, respectively). From thet&enth
group, the influential wordg€ommunication, patiengndprovider materialized (.856, .582, and
542, respectively). The fifteenth factor receigting loadings on the influential words,
management, projecandknowledgg.973, .739, and .412, respectively). The sixiedéactor
had strong loadings on the influential worttast andresearch(.890 and .423, respectively).
Both of the influential words for the seventh amf factor had negative loadingssmmunity

(-.855) anduse(-.449).
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Table 4.5

Factor Loadings for the Rotated Factors

Factor Component Loading
confidentiality .983
surveilance .982
protocol .965
provider .781
time 725
disease 551
maker 979
HIT .968
process 744
research 735
service .929
user 911
technology .801
risk .540
computing .870
computer .743
health .615
medical .590
peer .956
internet .935
individual .841
quality .873
physician .735
hospital .702
care 514
medical 493
clinical 422
ct -.778
risk -.612
method .562
system .540
patient -.543
disease -.507
use -.499
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Table 4.5 (continued)
Factor Loadings for the Rotated Factors

Factor Component Loading
firm 951
8 it .888
knowledge .651
result .842
9 study 792
analysis 434
attitude .929
10 information .699
individual 401
11 conference .801
data .796
case 924
12 process .566
project .564
performance .833
13 analysis 74
knowledge 423
communication .856
14 patient .582
provider 542
management 973
15 project .739
knowledge 412
16 trust .890
research 423
17 community -.855
use -.448

Note 1: The top influential words removed from the fifaadtor
solution includebiology andnew

Note 22 The top influential words that loaded on moantbne factor
include:analysis, disease, knowledge, individual, medjuatient,
process, project, provider, research, risk, use,
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Final Theme Solution

While the EFA provides a good foundation for depaig themes from the factors
identified, some scholars suggest a further steperaoding—to refine the themes (Tate, et al.,
2010). Coding latent content is likely to introéuariation in results among researchers
because the content is less directly observableesehrchers use more subjective measures in
their analyses. When subjectivity is introducedrmythe latent coding, reliability begins to
deteriorate. On the other hand, Crawdad develepsanks of words—specifically, nouns and
noun phrases—and not networks of theoretical coatstior concepts. The secondary latent
coding analysis can “logically connect words tonles and strengthen the face validity of the
theme” (Tate, et al., 2010, p. 25). Starting wité rotated factor solution, the researcher re-read
texts from the dataset that referenced the inflabwords in each of the factors. Based on a
thorough reading of the article texts and an exation of the factor loadings, the two data
sources were synthesized to express the themhbs bfdrature. The final theme solution and

the factors for each theme are presented in Table 4
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Table 4.6
Final Theme Solution

Theme Factors
Analytics 12,13
Healthcare Operations and Standards: Operations 6
Healthcare Operations and Standards: Project Mamnage 15
Healthcare Operations and Standards: Informaticgurssice 1
Aspects of Healthcare Research 2,7,9, 16
Knowledge Transfer/Communication: Extending beytrel 11
Organization

Knowledge Transfer/Communication: Internal to thg&hization 8
Knowledge Transfer/Communication: Patient-Provider 5,14
Perceptions and Managing Expectations of Infornmafiechnology 10, 17
Software as a Service 3,4

The first theme emanating from the article texts armalyticsand combined both factors
12 and 13. The article texts associated with fact@ and 13 referenced analytics—the
application of information systems to combine ofieral research and technology to solve
hospital business problems. Several factors comdbio create the major themettdalthcare
Operations and Standardfactors 1, 6, and 15). After reading severaheftexts associated
with the influential words from factor 6, the suietneOperationsbecame apparent within the
major theme oHealthcare Operations and Standard&nother sub-theme that seemed to reveal
itself from theHealthcare Operations and StandangdasProject ManagementThe texts

surrounding the influential wordsjanagement, projecaindknowledgdrom the fifteenth factor
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appear to index project managemesecurity/Privacys the third sub-theme of tiréealthcare
Operations and Standardseme and the words found in factor one of thateat factor solution
seem to address patient security and privacy dismos in the texts. Rotated factors 2, 7, 9, and
16 all provided perspectives about research; sdrtteearticles were directly related to research
in the healthcare environment and some providezldsons of laboratory related research. The
words associated with rotated factors 5, 8, 11,1ahdll appear to reference a major theme,
Knowledge Transfer/Communicaticamd the texts that the influential words of eaattdr point

to support it. Breaking down thénhowledge Transfer/Communicatitticeme further, the texts
associated with the influential words of factorslipport a sub-theme bfter-organization
Although the themeKnowledge Transfer/Communication: Inter-organizatiaddresses articles
discussing the communication of the healthcarerorgéion with individuals or organizations
outside its own, the sub-therH@owledge Transfer/Communication:Intra-organization
recognizes articles discussing healthcare orgaoimaand the communication that goes on
within the organization. Thiinowledge Transfer/Communication: Inter-organizatibeme has
factor 11 as its source. The sub-theKm®ywledge Transfer/Communication:Patient-Provider
(factors 5, 14), focuses on those article textsdistuss the communications and/or
communications processes that occur between anpaté a healthcare provider. The
Perceptions and Managing Expectations of Informmafi@echnologyheme is based on readings
of the article texts associated with the influentrards of factors 10 and 17. The final theme to
emerge from the article texts was comprised offaetors—three and four—and addressed
studies that analyzed the use of software centhlin a server and executed on a remote

computer desktop. The influential words from fadtoee ervice, user, technologgsk) and
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factor four €Computing, computer, healdtndmedica) combined to define the final emerging

theme ofSoftware as a Service

Phase II: Manual Coding

The goal of this study is to describe the themesrgimng in the medical informatics
discipline, as represented by the abstracts artsl tdxhe medical informatics publications and
publications of closely related disciplines: marragat information systems and medicine. The
second phase of the study, the manual coding plsagemarily focused toward gaining an
understanding of the sub-domains of the medicarmétics discipline and the appropriateness

of diffusion of innovations theory in the medicafarmatics discipline.

Inter-Coder Reliability

Before making inferences based on manually-cod& das essential to ensure the data
is reliable based on theepriori standards of the study. Simple agreement waslesdclas a
percentage for all latent variables in the secdmabp of the study. The variables each had finite
responses, either present (variable = 1) or alfgariable = 0). Krippendorff's alpha was
calculated to correct for chance agreement antidureduce the possibility of coder agreement
based on chance. Correction for chance agreenmsnbased on Krippendorff's heuristic
(Krippendorff, 2004). Those variables with an @ptalue below = .667 were considered
unreliable and, therefore, not used for furthedysis. Variables with alpha values between
.667 andh = .800 were considered reliable only for drawiegtative conclusions and variables
were considered reliable if their alpha values ereela = .800. Because the cost of drawing
wrong conclusions in this study is low, the listemliristics are acceptable. Using the
Krippendorff heuristic as a reference for simplesggnent, tha priori simple agreement
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standard was set at a minimum 80% for reliabibtyd 68% as the minimum standard for
drawing tentative conclusions.

While each of the secondary coders received atifuagicle texts to code (coder A
received 251; coder B received 250), the primasgaecher coded the complete set of article
texts (2,188). The coder overlap was 23%, excegttha 15% set as the minimuapriori. The
minimum simple agreement for all variables was battveen the primary researcher and coder
A, agreeing 89.2% on texts using the varidbfermation Architecturewhich exceeds the
minimum 80% standard. Therefore, all variablesenggreed upon by at least 89.2% and were
considered reliable based on simple agreemente @urcections were introduced using
Krippendorff's alpha calculation to adjust for clearagreement, all variables met the acceptable
reliability requirements excepusiness Analytics, Complexity, TrialabiligndObservability
While the primary researcher and coder A producacgmally unacceptable agreement on
variableRemove(a = .6642), the primary researcher and coder B mpredistrong agreemerat (
=.880). After analysis, it was agreed that treiits of the variablegmove despite the strong
agreement between the primary coder and coder Bldwa® considered unacceptable. Table 4.7
depicts the inter-coder reliability between thenary coder and coders A and B for the manual
coding phase of the study. The table includev#niable names, the simple agreement stated as
a percent, the Krippendorff's Alpha, the numbeagfeements and disagreements between each
of the two coders and the primary coder, the nurobeases coded, and the number of
agreement decisions made. The variaigsmove will be discussed further in the discussion

section.
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Qualitative Results - Manual Coding

For each article, the coders identified the latemiablesDirect Patient Care, Business
Analytics, Information Architecture, Relative Adtege, Compatibility, Complexity, Trialability,
andObservability The variableRemovewas used as an indicator that the article texst wa
unrelated to medical informatics as definedresdiscipline dedicated to the systematic
processing, analysis, and dissemination of headthted data through the application of digital
information systems (computers) to various aspafdtealthcare, research, and medicinghe
results of the analysis were captured in sevebdtsao address the research questions and sub-
guestions. To provide an overview of the entiraslet, Table 4.8 depicts the results of the
coding as an aggregate of all sampled article fiess all publications spanning the years 2002
- 2011. Also, Table 4.8 includes a breakdown efdbding based on the article texts sampled as
segregated by the mainstream medical informatibéigations (i.e., thénternational Journal of
Medical Informaticsand theJournal of the American Medical Informatics Asstici@ and non-
medical informatics publications (i.€£ommunications of the Association for Computing
Machinery, Information Systems ReseathbJournal of the American Medical Association,

Management Information Systems Quartealyd theNew England Journal of Medicihe
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The raw results of the coding of the overall datakewed similarities among the most
frequently identified variables in the various sgated groupings. When looking at the entire
dataset as a whole (s&# Years, All Journalgolumns of Table 4.8), Business Analytics was the
most frequently identified theme. Of the 2,188ctettexts in the dataset, Business Analytics
was identified 885 times (40.4%). Likewidjsiness Analyticwas found to be the most
frequently identified theme when the dataset wasegmted into two groupings based on
whether the journal is a mainstream medical infaiesgublication or a publication in the
related fields of either medicine or managemerdrimftion systems (Business Analytics
frequency = 699 (40.5%) and 186 (40.4%), respelgtigee Table 4.8, columns labelEidical
Informatics Journalsandnon-Medical Informatics Journglsespectively).

In like manner, the raw results of the datasetcaigid similarities among the least
frequently identified variables in the separateugo Again referring to th&ll Years, All
Journalscolumns of Table 4.9, we see that the least fretlyiebserved variable was
Observability (frequency = 24; 1.1%). The samealde, Observability, was found to be the
least frequently identified variable in each of tiker groupings, medical informatics journals
and non-medical informatics journals (Table 4.8uoms labelededical Informatics Journals
andnon-Medical Informatics Journalsespectively). In the medical informatics journa
grouping, observability was observed only 22 tirfie8%) in the 1,728 article texts of the group.
In the non-medical informatics group, the frequenag even lower (frequency = 2; 0.4%).
The raw results of the analysis stratified by yer@r depicted in Table 4.9 and show a greater
diversity than when that of the dataset when olexkas a whole. However, the diversity was
somewhat limited. For example, three themes ctamdly revealed themselves as the most

identified themes. Direct Patient Care was idesdifis the most frequent theme in 2008 and
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2011 (frequency = 97 (37.6%) and 30 (46.0%), respey). For the years 2004, 2005, 2006,
2007, and 2009, Business Analytics was most fretfprentified (frequency = 77 (37.2%), 99
(43.0%), 93 (45.8%), 145 (46.0%), and 125 (43.#&gpectively). For the remaining years of
2002, 2003, and 2010, Information Architecture wexst frequently identified (frequency = 73
(40.3%), 78 (38.2%), and 88 (40.6%), respectivelg)reviewing the least frequently identified
variables, we see that there were four variablaswiere consistently the lowest. For 2005 and
2006, Compatibility came up least frequently, badentified only three times (1.3%) in 2005,
and only one time (0.5%) in 2006. Complexity wasther variable identified infrequently; in
fact, in 2004, there were zero observations of derity. The least frequently identified theme
for the years 2003, 2008, 2009, and 2011 was Tiigla(frequency = 2 (1.0%), 2 (0.8%), 3
(1.0%), and 0 (0.0%), respectively). In the 20@&det, however, there was another theme
identified as a tie with Trialability, Observabylit Observability was the least frequently
identified theme in 2004, 2007, 2008, and 2010y(fexcy = 0 (0.0%), 1 (0.3%), 2 (0.8%), and O

(0.0%), respectively).
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Despite the varied results, it is important to rtbeg the frequency of the themes
identified remained relatively constant over tharge There were no stark contrasts indicating
that one year a particular variable was identifieast frequently and another year in which the
same variable was identified least frequently. sTénds to the idea that, for the article texts
sampled, the content has been fairly consistentttreeyears.

Removing the themes deemed unreliable based antdrecoder reliability analysis, we
see a different outcome of the most frequentlylaadt frequently identified themes. Based on
the reliability results, the variabl&isiness Analytics, Complexity, Trialabilignd
Observabilitywere removed, leaving the thenigisect Patient Care, Information Architecture,
Relative AdvantagendCompatibility The categoriRemovdailed to meet the acceptable
reliability criteria and was also withdrawn fronethst. An overview of the entire dataset
spanning all years and all publications, after reéimg unreliable data, is provided in Table 4.10.
Table 4.10 also includes a breakdown of the fiaghslet of the coding based on the article texts
sampled as segregated by the mainstream medioamafics publications (i.e., theternational
Journal of Medical Informaticand theJournal of the American Medical Informatics
Association and non-medical informatics publications (i@ammunications of the Association
for Computing Machinery, Information Systems Redgdne Journal of the American Medical
Association, Management Information Systems Qugrtand theNew England Journal of

Medicing.
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Table 4.10
Hierarchy of Articles to Themes for Sampled Pubiizes Spanning 2002-2011

Medical Informatics non-Medical Informatics
All Journals Journals Journals
Theme Frequency % of Articles Frequency % of Articles  edeency % of Articles
Direct Patient Care 746 34.1% 608 35.2% 138 30.0%
Information Architecture 755 34.5% 648 37.5% 107 23.3%
Relative Advantage 235 10.7% 186 10.8% 49 10.7%
Compatibility 41 1.9% 38 2.2% 3 0.7%
Total Article Texts Analyzed 2,188 1,728 460
Total Themes Identified 1,777 81% 1,480 86% 297 65%

Note. Bold text indicates the most frequently identiiedme. Italicized text indicates the least fretjy@entified theme.

Final Coding Results

The final results of the coding of the overall datgprovide insight to the article texts
sampled. When looking at the entire final datased whole (columAll Journals Table 4.10),
Information Architecture was the most frequentlgndfied theme (frequency = 755; 34.5%).
Likewise, in the medical informatics publicatiomgformation Architecture was the most
frequently identified theme (frequency = 648 (37)5&6lumnMedical Informatics Journals
Table 4.10). However, in the non-medical inforrogfournals, Direct Patient Care was
identified 138 times (30.0%), which is more frequétran the other themes (Table 4.10, column
non-Medical Informatics Journgls

The final results of the dataset coding indicatedlarities among the least frequently
identified variables in the separate groups. Agefarring to theAll Journalscolumns of Table
4.10, we see that the least frequently observadhlarwas Compatibility (frequency = 24;
1.9%). The same variable, Compatibility, was fotm&e the least frequently identified variable
in each of the two other groupings, medical infaliosgjournals and non-medical informatics

journals (Table 4.10, columns labelédical Informatics JournaJsandnon-Medical
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Informatics Journalsrespectively). In the medical informatics jourgeouping, Compatibility
was observed only 38 out of the 1,728 article t€Xt8%). In the non-medical informatics
group, the frequency was substantially lower (fezgpy = 3; 0.7%).

In looking at the stratified final results of theadysis in Table 4.11, we see that the most
frequently identified themes over the years arééichto Direct Patient Care and Information
Architecture. Eliminating the unreliably codednies yields different results. For example,
while Direct Patient Care was identified as the mfiegjuent theme in only 2008 and 2011 in the
raw dataset, Direct Patient Care was identifiedtrfreguently in the final dataset in years 2004,
2008, 2009, and 2011 (frequency = 71 (34.3%),397606), 113 (39.5%), and 30 (46.0%),
respectively). Once the unreliable data was remhowdormation Architecture became the most
frequently identified theme in the remaining yeafr2002, 2003, 2005, 2006, 2007, and 2010.
The frequencies for Information Architecture fol020wvas 73 (40.3%), for 2003 was 78
(38.2%), for 2005 was 76 (33.0%), for 2006 was F([{%), for 2007 was 105 (33.3%), and for
2010 was 88 (40.6%). In reviewing the least freqiyadentified variables in the final dataset,
we see that Compatibility was consistently the lsivever all years 2002 - 2011. The
Compatibility frequency for 2002 was 4 (2.2%), 2003 was 6 (2.9%), for 2004 was 3 (1.4%),
for 2005 was 3 (1.3%), for 2006 was 1 (0.5%), fad2 was 2 (0.6%), for 2008 was 5 (1.9%),
for 2009 was 10 (3.5%), for 2010 was 5 (2.3%), fEmm®011 was 2 (2.3%).

The consistency in the high frequency themes awdrequency themes identified seem
to indicate that the articles have been fairly ecehtin their content over the years and among

the both the medical informatics publications dmelnon-medical informatics publications.
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Chapter Summary

This research study is an exploratory analysisteain the prevalent themes in the
medical informatics discipline spanning the yed82- 2011 using seven scholarly publications
to derive the data. This chapter discussed thdtsesf the quantitative and qualitative analysis
components. While the original dataset includ&1.2 articles, over the course of the study, 127
article texts were removed from the study becalieg (a) clearly did not reference medicine or
medically-related research, (b) clearly did noerehce information technology, and/or (c) were
unobtainable. The total number@dmmunications of the ACHtticles originally collected was
70, of which 53 (74.29%), were retained for furthaalysis. The original set bfternational
Journal of Medical Informaticarticles numbered 966; 17 were removed, leavirgy(98.24%)
of the original for further analysis. Of the ongl 812 articles initially collected from the
Journal of the American Medical Informatics Asstioia 779 (95.94%) met the requirements
for retention and further study. Of all the pubtions, theNew England Journal of Medicine
had the greatest number of articles removed fransthdy, retaining only 141 (70.50%) of the
original 200 included articles. In contrast, 40Q%) of the original dataset articles from the
publicationsdnformation Systems Researd®), Management Information Systems Quarterly
(19), and thelournal of the American Medical Associati@38) were retained for the two
analysis phases of the study.

Phase | was the quantitative analysis, and inclaldedentering resonance analysis
(CRA) technique for identifying themes. The CRAthua was used to focus on the manifest
content. The results of Phase | yielded ten theelesant to medical informatics. Of the ten
themes, six were found to aggregate around therrttegmes oHealthcare Operations and

StandardsandKnowledge Transfer/Communicatioin the major themeealthcare Operations
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and Standardsthe sub-themes @perations Project ManagemenandSecurity/Privacywere
prevalent in the article texts. Sub-themes ofntlagor themeKnowledge
Transfer/Communicatigrincludedinter-organization communication, Intra-organizatio
communicationandPatient-Provider communicationThe remaining four themes found in the
final theme solution include@lnalytics, Healthcare Research, Perceptions and adarg
Expectations of Information TechnologyndSoftware as a Service.

In Phase I, the analysis was qualitative and fedusn the manual coding approach used
for further theme identification and categorizatimased on the latent content of the texts. One
goal was to explore differences between medicarimétics and non-medical informatics
mainstream article texts. An additional goal wasexplore differences in article texts over the
span of the study, 2002 - 2011. The dominant thiexned in the aggregated body of texts (all
years and all publications included) warmation Architecturgidentified in 755 article texts
of a total of 2,188 texts (34.5%). The least frmafly identified theme waSompatibility,
having been identified in only 41 of the 2,188 $={t.9%). The most and least frequently
identified themes in the mainstream medical infdrosditerature werénformation Architecture
(frequency = 648 (37.5%)) ar@bmpatibility (frequency = 38; 2.2%), respectively. The non-
mainstream medical informatics literature yieldee same variable with the lowest frequency,
Compatibility (frequency = 3; 0.7%), but a different theme wita highest frequenciirect
Patient Care(frequency = 138; 30.0%). The difference betwaeainformation Architecture
andDirect Patient Caran the medical informatics publications was 2.08¢ &.7% in the non-
medical informatics publications, suggesting ongnaall difference between the two groupings.
The analysis of the texts grouped by year indicttatDirect Patient Careandinformation

Architecturewere identified most frequently, widirect Patient Caradentified most frequently
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in years 2004, 2008, 2009, and 201dformation Architecturavas the most frequently
identified theme in years 2002, 2003, 2005, 2006,/2and 2010. For each ye@gmpatibility
was identified least frequently. The articleshe tlataset included field studies, literature
reviews, surveys, and case studies related to uisiognation technology to assist in research,
operations, healthcare operations, and social tondi The next chapter discusses the
implications of these findings within the contextloe guiding theory, the research questions

and sub-questions, and the objectives of this study
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Chapter 5. Discussion and Conclusions

The goal of this study was to identify emergingtles from the medical informatics
literature among publications published from 20@®11. Centering resonance analysis,
exploratory factor analysis, and manual coding wieeemethods employed to collect and
analyze the article texts and describe the detireshes. The purpose of this chapter is to
present the findings in the context of the mediafarmatics discipline and the current
healthcare environment. The chapter begins withnamary of the research study followed by
the interpretations of the findings. Following thenmary, the chapter continues with
limitations of the study and suggestions for futtggearch. The chapter concludes with general

comments about the medical informatics discipline.

Summary

The overall purpose of this study was to discovieatthemes have emerged in the
medical informatics discipline since the inceptadrihe field in the 1960s, what challenges exist
for the discipline, and what future directions ddtesliterature suggest for the field. Heeding the
call of previous researchers, the study looketi@iedical informatics discussions from
perspectives of articles published in both medit@rmatics focused journals and those
published about medical informatics topics in thlated fields of medicine and management
information systems. Other subordinate focus ai@ae study were to identify challenges and

suggest future directions for the medical inforcatliscipline.
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To meet the goals of the study, 2,188 usable artelts were collected from articles
published between 2002 - 2011 from seven journ@le mainstream medical informatics
publications used were tlBeurnal of the American Medical Informatics Asstioia and the
International Journal of Medical InformaticsThe publications used that are outside the
prevailing medical informatics literature were frédhe neighboring fields of medicine and
management information systems: fo@irnal of the American Medical AssociatidtneNew
England Journal of MedicindManagement Information Systems Quartdrifjormation Systems
ResearchandCommunications of the Association for Computing aery.

Due to the diversity of the article sources, threthods of collecting the article texts
were used. All article texts for the decade weléected from each of the two medical
informatics-specific journals. Thiournal of the American Medical Associatioas a specific
collection of medical informatics articles and froinat collection, all the articles for the
specified time frame were pulled. To collect detiexts from the remaining publications,
advanced queries in Thompson Reuter’s Institut&entific Information Web of Science were
performed to identify articles that met the inctuscriteria for the study.

A mixed methods approach was used to analyze tiae d@r the quantitative portion,
centering resonance analysis and exploratory factalysis were used to discover ten major
themes emerging from the literature. Of the tbred of the themesperations, project
managemengndinformation assurangeexhibited an intertwining relationship under thejor
area ofhealthcare operations and standards similar manner, three themes coalesced syong
to define the theme d&howledge transfer/communicationshe three themes in this grouping
areknowledge transfer/communicatiorextending beyond the organization, knowledge

transfer/communications: internal to the organipatiandknowledge transfer/communications:
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information assuranceThe remaining four independent themes to emasgeanalytics,
aspects of healthcare research, perceptions andagiag expectations of information
technologyandsoftware as a service.

In the qualitative phase of the study, the researofanually coded the article texts as
they applied to the perceived characteristics fhéision of innovations theory and the thematic
categories developed from the review of the literat The initial categories of the
characteristics of innovation werelative advantage, compatibility, complexity, talility, and
observability The thematic categories wetieect patient care, business analytiasd
Information Architecture The categorieselative advantage, compatibility, direct patiestre,
andInformation Architecturenet the minimums established for inter-coder béitg. Of the
characteristics of innovations categories, aspeatslative advantagevere identified in 10.7%
of the articles and traits of compatibility weremdified in 1.9% of the article texts.
Characteristics of the themdsect patient careandinformation architecturavere identified in
34.1% and 34.5% of the article texts, respectively.

While empirical medical informatics studies are ratbant, the field will benefit from
more devotion to theoretical grounding in studi@beories provide a common perspective of
why phenomena occur and from which others can ginabze phenomena. Likewise, theory
provides metaphorical pictures and can incite graasight for readers than that from solely an
explanation of what occurred. Examples in exislitggature wherein researchers could apply
strong theory were provided. Diffusion of Innoweis is a strong model in which there are many
facets that can aid understanding of why certaBnpmena we are seeing occur in the medical

informatics literature.
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The future of medical informatics appears to bbeedadn the direction of patient centered
healthcare. It seems clear that in the futur@rimation technologies will have a greater impact
on the ways in which healthcare providers proviake ¢o their patients and the way in which
patients are involved in their own healthcare. f®e and more facilities turn toward patient
centered electronic records and patient contrdiklthcare records, the way providers tend to
their patients will ultimately change. Indicatiomgpear that there will be better patient care as a

result (Tan & Global, 2009).

Interpretation of the Findings

With Moore’s law and other factors that affect thte of technology growth, it is
difficult to determine what the future holds for di@al informatics. However, the themes of
medical informatics emerge from the literatureiingeneral area®inalytics, Healthcare
Operations and Standards, Aspects of Healthcared&el, Knowledge
Transfer/Communication, Perceptions and Managingdgxations of Information Technology,
andSoftware as a ServiceOf these, all but onéjealthcare Researclkalign with the medical
informatics sub-domaingirect Patient Care, Business Analytiesmdinformation Architecture,
modifications of categories suggested by Haux (20AXhoughHealthcare Researctiid not
align with Haux’ sub-domains as adapted to thiggtits emergence in the centering resonance
analysis does illustrate the importance of the thamd it will be discussed further. The themes,
Healthcare Operations and StandaraisdKnowledge Transfer/Communicatiahgn well with
theDirect Patient Caresub-domain in that they address information systese that contributes
to healthcare organizational leaders’ ability tokengood decisions and aids in the providing of
good medicine and good health for the individualthough during manual coding tliBusiness

Analyticstheme failed to meet the minimum reliability reguments, the centering resonance
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analysis in the quantitative phase producedAth@yticstheme, which has the similar
characteristics of focusing on the analysis andagament of medical health knowledge ideas,
insights, and experiences. The remaining theP@septions and Managing Expectations of
Information TechnologyandSoftware as a Serviadincide with the application sub-domain,

Information Architecture.

Healthcare Operations and Standards: Operations

Healthcare Operations and Standarcin be further sub-divided to delineate the aoéas
Operations,Project Managemeitdinformation AssuranceTheOperationssub-category, for
this study, focuses on the literature that discuise use of information systems in the functions
of day-to-day operations at the micro-level of gatihealth care as opposed to the organizational
focus. Aronsky and colleagues provide us withxangle of a study involvinglealthcare
Operations and Standards: Operatioms their work evaluating the use of a computetize
emergency department census board, a centraldodati patient and operational information,

as a replacement to a non-digital dry erase bdsiahgky, Jones, Lanaghan, & Slovis, 2008).

Healthcare Operations and Standards: Project Mamaget

Considering that merely 15 years ago, it was m@fentt more than one or two computers
in an office—let alone on every desk—and data cenmere a fraction of the size they are today,
it is not unexpected to see the necessity of psadaal project management in developing and
implementing information systems projects in thaltieare environment. The sub-theme
Project Managemerthat has emerged in tiealthcare Operations and Standar@®a is an
indicator of this greater need. While implementiogls and services in any aspect of the
healthcare process can be daunting, the rate lmfidémgy growth, concerns about information
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security, patient safety, patient privacy, and thealre provider/patient relations are a few
factors that exacerbate the problem for informasigstems professionals. Proper project
management techniques can assist in reducing thdepns associated with health information

systems implementation adoption (Ludwick & Doueef009).

Healthcare Operations and Standards: Informatiosuxance

The factors that increase challenges for implentiema-patient privacy, patient safety,
and information security—also are factors in thesasfinformation Assurangea subset of the
Healthcare Operations and Standartieme. For the purpose of this stubhfprmation
Assurances defined by discussions related to the riske@ated with transmitting, storing, and
processing of sensitive and non-sensitive healghdata and information, and the management
of said risks. Over the duration of a typical tieedre process, some hundreds of people, both
direct patient care providers and non-care progidaay have access to a patient’s personal
digital medical information (Cannoy & Salam, 201)s, creating a terrible risk of breach of
patient privacy. The Health Information Insuraacel Portability Act (HIPAA) established
some provisions and requirements for addressimgrrdtion assurance risks (Mercuri, 2004)
and Georgetown University Medical Center providesther example of thimformation
Assuranceheme emerging in their use of a self-directekl assessment method to comply with
the information security provisions of HIPAA (Colémn, Alaoui, Nguyen, & Lindisch, 2005).
An additional concern for information assuranceegigpcomes from the pervasive
communications tools available to both patients rodiders. How do the information
assurance specialists ensure patient data andcpseaurity when patients and providers

establish communications through the myriad of reeaailable in today’s environment of cell

115



phones, instant messaging, e-mail, etc? To bainethis challenging area will remain in the

forefront of medical informatics literature for tharation.

Knowledge Transfer/Communication: Extending BeythedOrganization

As with the generalealthcare Operations and Standarttteme, th&Knowledge
Transfer/Communicatiotheme further subdivides. The inherent idea ensihb-theme
Extending Beyond the Organizatjas that of passing information between peopleugs, or
elements within a healthcare organization to tlmsgside the organization. The information
transfer is usually, but not necessarily, two-wagl & may be synchronous or asynchronous
(Wilson, 2003). The emergence of this theme isoattied, in part, to the spread of newer and
cheaper communications technologies such as aédioiart telephones, social media, and
health/healthcare information exchanges (Shachd&dad, 2010). Indeed, the effect of social
media alone is so great the venerable American ddédissociation has issued a policy
statement on healthcare provider professionalisenwising social media (Chretien, Azar, &
Kind, 2011). Although smartphones—cellular photieg have additional communications
applications built in—and instant messaging ardsttwat provide greater access for patients to
healthcare administrators and providers than hizseekin the past, they also provide more
complex challenges in managing the informationsrigkanes, Hasvold, Henriksen, &
Strandenaes, 2007; Nguyen, Fuhrer, & Pasquier-R@€i®). Despite the risks, the
communications technologies are great tools fduting the patient more in his/her own care
and we can expect to see more discussion of theheimedical informatics literature. The
capability to transfer patient care data electraliycamong various healthcare organizations is
known ashealth information exchand@llE); with greater governmental and commercial

interest in sharing data, HIE is a sought aftenetogy in the healthcare community and there
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are ample indications that HIE will continue tolftlee research in this area (Korst, Aydin,
Signer, and Fink, 2011; Patel, Abramson, Edwardshbtra, and Kaushal, 2011; Sengupta,

Calman, and Hripcsak, 2008; Wright, et al., 2010).

Knowledge Transfer/Communication: Internal to theg&hization

The second subdivision in the major thekm®owledge Transfer/Communicatitas in
the conveyance of information among people, groapd,other elements within an organization.
While there is some overlap wiknowledge Transfer/Communication: Extending Beyibied
Organization—information that has traversed the boundariesiadrganization often has made
the rounds within the organizatiorikrowledge Transfer/Communication: Internal to the
Organizationis a theme evident in the literature. Thiternal to the Organizatiotheme can,
like the previous theme, include instant messagingial media, and smartphones.
Nevertheless, it can also include messaging degigme the electronic medical records and
other healthcare systems and other similar tecigiego The effect that communications
technologies has on continuity of patient caréésdubject of some concern, in that while one
might expect the improved technology to improvetcunty of care, that is not necessarily the
case (Horwitz & Detsky, 2011). Research about osdinowledge centers, repositories of
medical knowledge available to assist with prosdeducational and research needs, is another
area that resides in theaternal to the Organizatiotheme (Haux, Ammenwerth, Herzog, &
Knaup, 2002). With continued rapid advances inmomication technology, we can expect
medical informatics scholars to carry on reseandntra-organizational knowledge transfer and

communication.

117



Knowledge Transfer/Communication: Patient-Provider

While Patient-Providercommunication as a sub-themekafowledge
Transfer/Communicationould nestle within th&nowledge Transfer/Communication:
Extending Beyond the Organizatidtreme, there was adequate literature to suppert th
separation. As mentioned in thidormation Assuranceiscussion above, communications tools
abound. With this abundance, research opportsratie plentiful for the medical informatics
scholar. Many research questions arise such aat Wh the professionally acceptable means of
communication between patient-provider? How daesrmunication method affect the patient-
provider relationship? What medical knowledge shalild the provider share with the patient
and how? Obviously, some topics have already bddressed—hence, the emergence of the
Patient-Providetheme in the first place—such as whether a sentemet-based electronic
messaging system is effective for augmenting patare in general practices (Bergmo,
Kummervold, Gammon, & Dahl, 2005), or investigai@f patient controlled health records,
which afford patients direct access—usually viaittternet—to their health data (Bourgeois,
Taylor, Emans, Nigrin, & Mandl, 2008). The usevamfeo conferencing between patients in their
homes and healthcare providers has been documamiedvestigated for effectiveness in
patient care—providing another example of the ebdaétheKnowledge Transfer/

Communication: Patient-Provideheme (Bakken, et al., 2006).

Perceptions and Managing Expectations of Informafiechnology

Addressing usePerceptions and Managing Expectations of Informafiechnologys
not a new theme in medical informatics or managénméormation systems. However, as

technology continues to change and improve atid @are, managing user perceptions and
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expectations becomes increasingly complex. Healéhworkers expect more from the
technology they use and expect systems implementato be performed without affecting other
work. Other aspects play into the increased chgéle for information managers in managing
expectations of information technology. For examfhe aforementioned internet-based
personally patient controlled healthcare recordbatient-provider messaging add a new facet
for medical informaticians to factor: the expeaas of the patients. In the past, the focus was
on those within the healthcare organization—progdmd staff. With more complex systems
and a greater level of technology integration amamunication, information systems experts
have to adapt to the myriad customer base. Nceloisgt acceptable to approach all customers
with the same information technology product (BakkéHammond, 2003). Although this
theme is established, more research is requirddtermining how information systems

managers balance the perceived needs of healthicaieyeesand patients themselves.

Analytics

The Analyticstheme has at its foundation, a focus on the arsaéysil management of
medical health knowledge ideas, insights, and egpees. Aspects of the theme include
healthcare applications of data mining, managingazl information, and business intelligence
approaches. With the advent of increasingly clizdp storage and the push toward electronic
health data, the amount of electronic medical datalable is greater than our ability to use it to
maximum effectiveness in improving clinical carelaperations (Ferranti, Langman, Tanaka,
McCall, & Ahmad, 2010). Continued research reftacttand growth is necessary in thealytic
area to overcome the overwhelming volume of dasél@ve and put it to good use. The
medical informatics community has been researchiathods of information retrieval for

several years and we can expect that researclotoigrthe future (Baud & Ruch, 2002). One
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such research study gave perspective on the Mag@8I“Enterprise Data Trust,” a collection
of data to support business intelligence (ChutekBEisk, & Mohr, 2010). Another study
provided a view of a hospital’'s transition to a negalth information system with a focus on,
among other things, data mining and reporting (H&agha, & Evans, 2003). Thaalytic
theme includes web-based and open source toolglbf iu, Marenco, & Miller, 2006). As
long as the effect of Moore’s law continues to pdetvn the prices for data storage and
governmental and organizational entities contifgedrive toward electronic health data, it is

likely the Analytictheme will continue its prevalence in the literatur

Software as a Service

The migration of software applications from resglon the desktop computer toward
residing on an in-house server or an internet-basecer is an integral aspect of Beftware as
a Servicgheme. The computing evolution cycle is revertdagk toward its initial stages, when
mainframes housed the applications and users wikedl” terminals, terminals with little to no
computing power, to access the mainframe. Nowtdhathin clienthas replaced dumb
terminal and, with the improvement of data transfegeds, it is becoming more efficient to
manage software update and security requiremestedion an organization’s server that
provides virtual software desktops to the thinrdise An extension of the server owned and
managed by an organization is found in current @ggres toward internet-based hosting—the
organization leases server computing resources d@mother organization using the internet for
access to the resources. While centralized hdatdnand applications are not new in health
organizations, there has been a recent emergemnueinet-based health-related software such
as Microsoft’sHealthVaultand Google’s soon to be discontinued (i.e., Jantia2012)Google

Health (Bergmann, Bott, Pretschner, & Haux, 2007; HaashMemuth, Echizen, Sonehara, &
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Miller; Mandl & Kohane, 2008; Simborg, 2009). WhMicrosoft's and Google’s offerings are
primarily patient-focused, Practice Fusion, a frebd-based electronic health record focuses on
providing software as a service to healthcare plerg (accessed August 18, 2011
http://www.practicefusion.com/). The growing empiseaof government and commercial entities
toward electronic health data and applications,oed with improvements in computing and

communications technology suggest continued relsvahSoftware as a Service

Aspects of Healthcare Research

IntrospectiveHealthcare Researcim the field of medical informatics will continwes
long as research is performed by humans and isftrer subject to error. Medical informatics
scholars will perform analyses such as those repted by the reviews in Chapter Two and the
more specific look at the Telehealth medical infaties literature in JAMIA (W.R. Hersh,
Patterson, & Kraemer, 2002). Meta-analytic andeananalytic literature reviews will continue
to be performed with scholars assessing the quaitgsearch being performed and the results
therein. The government influence on healthcéwreuigh regulations such as HIPAA and laws
such as the recently enacted American RecoverRan/estment Act of 2009 (ARRA), with
its specific focus on health information technolpgrsovides ample stimulation fétealthcare
Researcho continue to flourish in the medical informatlisrature (Blumenthal, 2009).
Indeed, the $17 billion from the government to mogze healthcare providers and
organizations to adopt and use electronic heattbrds will most certainly trickle down to the
research community—if not through direct academantsg, assuredly in the form of consultant
fees to academics with side businesses (Blumerz@@8). We can expect consortia of
researchers to continue to providealthcare Researatontributions such as those provided by

members of the State Networks of Colorado AmbujaRyactices and Partners (SNOCAP), in
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their investigation of missing clinical informatigBmith, et al., 2005). Scholars have a thirst for
knowledge; that thirst will continue to be slakbadough continual investigation of newer
statistical methods such as hierarchical lineareting or structural equation modeling and the
application of these methods toward medical infdiesehypotheses and problems (Gagnon, et
al., 2003; Ko & Dennis, 2011). Overaealthcare Researchs a medical informatics theme

will continue to remain strong for years to come.

Diffusion of Innovations Perceived Characteristafdnnovations

As discussed previously, there is an identifieddneehe medical informatics literature
for researchers to strengthen research rigor alo@ viarough increased application of theory
(Brennan, 2008). Through theory, scholars canigeoa common perspective from which
others can conceptualize a phenomenon and ansgvgu#stion, “Why should colleagues give
credence to this particular representation of tenpmena” (Whetten, 1989, p. 491). Theory
provides metaphorical pictures and can incite graasight for readers than that from only an
explanation of what occurrediffusion of Innovationss one theoretical model that has been
widely applied across research disciplines and {lRogers, 2003), and it proves useful as a
representative theoretical model for medical infatios. Diffusion of Innovations is a large
model, offering many facets that can assist undedshg of why certain phenomena we are
seeing in the medical informatics literature occufsr this analysis, the five perceived
characteristics of innovationsrelative advantagegsompatibility, complexity, trialability,and
observability—were drawn from the diffusion model as conceptsl¢émtify in the medical
informatics literature. During the manual codirgape, the study identified the perceived
characteristics that met reliability minimumsetfative advantagandcompatibility—in a

combined 12 percent (276) of the articles.
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Although it was not the primary goal of this anaysdentifying perceived
characteristics of innovation from the diffusionimhovation model proved useful and
enlightening. The benefit of this aspect of thssdrtation is in complementing Brennan’s
argument for greater theoretical development inioadhformatics literature (2008). It is
arguably a very subjective analysis to review gsearch of otheqsost hocand suggest that the
authors could have used a particular theoretic#haakin their research. However, it is the
study’s intent to proffer the idea and supportdontinued theoretical development and to argue
in support of thdiffusion of Innovationgs one such theoretical model. There is valusegan
identifying areas in which specific theoretical cepts can be applied to previous research. For
instance, Goth (2010), provides an example in whgjects of both compatibility and relative
advantage could be appropriately used, in this,¢aghe discussion of strengthening biologists’
educational background through the addition of cat@pscience coursework. For example,
Goth identifies and expresses the opinions of s¢asademics, both from biology and computer
science; the academics’ quotes illustrate theircgts based on their experiences and needs of
their opinions of their representative fieldsnpei material for discourse of tikempatibility of
injecting computer science into biology educatidikewise, the degree to which adding more
computer science study to biologist training was@ieed to be better than te&atus quavas
exemplified in the academics’ quotes Goth related.

In truth, diffusion theory is a very generalizatifeory; it is understandable to accept that
authors of papers discussing a new innovation, lvenet physical system or a new idea, could
reasonably apply aspects of diffusion theory. As aspect, extrapolating the perceived
characteristics of innovations could guide an itigesion. Establishing how the different

characteristics are related could further strengthe study. Obviousliffusion of
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Innovationsis not the only theoretical model that could effexly be used in the medical
informatics research. There are several estallistalels that would provide a good basis for
theory development in the field of medical informnst—thelnformation Systems Success Model
General Systems ThegandExpectation Disconfirmation Theernto name a few. The
continuing importance the medical informatics comityushould garner is to give attention to
strong theory development. While empirical medin&drmatics studies abound, the field will

benefit from more devotion to theoretical groundimgtudies.

Limitations

While this study is thorough, it is not without mador improvement. For example, the
automated method used to identify themes and t@pissg from a large collection of articles
published about the theme is acceptable; howeve@oeis not delineate specific calls by editors
for a special edition of the journal focused omacific topic. The last edition of JAMIA for the
year 2002—volume 6 (Supplement 1)—is a good ilaigin of that phenomenon. Lenert,
Burstin, Connell, Gosbee, and Phillips (2002), méfig to Kohn, Corrigan, and Donaldsoi’s
Err is Human: Building a Safer Health Systé200), introduce the supplemental issue for the
discussion of patient safety. Do the 31 artickethe supplement affect the results of the various
analyses used? The answer is an obvious “yesWeMer, that leads to the next question,
though. Does it affect the outcome of the studygauming the editors of JAMIA have some
insight to the medical informatics field, an argurhean be made that the supplemental does
affect the outcome of the study, but not in a negaway; the call for and subsequent publication
of a supplemental issue with a singular focus @tlaer indicator of the importance of said focus
in the field. To look at it from another perspeetithe editors did not choose to publish a

supplement about calibration failures of pulse @tens—devices that measure the oxygen
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saturation of a patient’s blood—because it is whlikhat topic holds great interest for medical
informaticists.

Another limitation of this inquiry lies in the safimg. While texts from each sampled
discipline (i.e., medical informatics, medicinedananagement information systems) were
included, the three fields were unequally repre=gint the dataset. There were substantially
fewer articles available in the non-medical infotit&mainstream publications (i.e., CACM,
ISR, JAMA, MISQ, and NEJM) than from the medicdbirmatics mainstream publications (i.e.,
IIMI, JAMIA), and therefore, more article textsiindhe medical informatics publications were
collected. Further, there were far fewer manageénméormation systems published articles than
those found in the medical discipline. This mayabhandicator of a greater interest about
medical informatics in the field of medicine thdvat of management information systems, it
may be a factor of the editor interest and direcfar each of the non-medical informatics
publications, or a combination of both. Regardigfsthe underlying causes, there is an
imbalance in the dataset. Interestingly, thistitdn suggests another.

In a similar way, the scope of the disciplines esginted in the study was limited. As in
all studies, there has to be a defining line dréavdetermine the extent of the data collected.
The fields chosen to be included were medical médics, medicine, and management
information systems. Because the study focusesedtical informatics, the inclusion of texts
from medical informatics is apparent. Based otsdal extending medical informatics research
beyond the boundaries of medical informatics, tbealy related fields of management
information systems and medicine were includedweier, the two fields are not the only
disciplines that are closely associated with mddidarmatics. This study could have benefited

from the inclusion of publications in other closedyated fields such as computer science and
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nursing. Likewise, inclusion of disciplines tha¢ dess closely related such as electrical
engineering and medical law may have shed addlitlgid on the field of medical informatics.
Another concern for the study is with the data dargp Editorials, abstracts, and
introductory texts of articles were used to proda@®llection of 2,686 pages of text for
analysis. While a seemingly large volume, collegibnly abstracts and abbreviated texts of
articles without abstracts does provide limitecadadm which themes can be drawn. Full texts
would substantially increase the volume of datartalyze, perhaps ten to twenty-fold, and
therefore, should provide richer results in thelysia. While the greater volume of text may
require a small increase in computing resourcediarg] the effect on manual coding would be
detrimental. Coding fatigue was a concern in tla@ual coding phase using only the abstracts
and abbreviated texts during this study; includingtexts would certainly increase coder
fatigue, likely to a level that would substantiadiffect the results of the study. In other words,
there is an inverse relationship between the dadlysis methods and the volume of text to
analyze—the greater the volume, the better thdtsesiithe automated analysis will likely be, but
the poorer the results of the manual coding wkiktlly be. There is no heuristic that states at what
point the perfect balance of tradeoffs occurs. r&laee variables that can affect each method.
To factor for these variables, steps were emplatédte manual coding procedures to minimize
coding fatigue and to reiterate the operationaldefihitions. For the automated analysis,

procedures were repeated and data entry metho@svwaged to ensure consistency of results.

Recommendations for Future Research

As mentioned, expanding this study to include Bedditside of mainstream medical
informatics will yield interesting insights and hasen a call relatively unheeded in prior

research (Andrews, 2003; Haux, 2010; Morris & MaC4di998). Although the related fields of
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medicine and management information systems wetedad, future research should include
other closely related disciplinesddisciplines further removed from medical infornoati
Nursing and medical law are fields closely reldtededical informatics and provide good
examples for fields to include. Both computer sceeand electrical engineering have focuses
that are generally closer to the specific charattes of technology than to the focus of medical
informatics. A future study including an investiga into the literature of the computer science
and electrical engineering fields could provideuaderstanding of newer software and
technologies, those that are on the “leading edgeview from a strong technical perspective—
a perspective down at the bits and bytes, theistans and resistors—could enlighten the
medical informatics field with a richer understamgiof capabilities and potential capabilities of
information systems. Perhaps, this enlightenmealdcprovide medical informatics scholars
with material for expanding medical informaticseasch.

In this mixed methods analysis, two methods welaruad to ascertain the themes
emerging from the medical informatics disciplinEhe first method was the semi-automated,
centering resonance analysis. The second wasdhaahcoding. Each provides strengths and
weaknesses. Together, they provide strong resOlte of the weaknesses that emerged was the
relatively small sample of article texts. Whil&26 pages of text may appear large for manual
coding—it is—it is small for automated coding. dantinue and extend this study, full texts of
the articles should be analyzed using centeringn@sxce analysis. It can be reasonably assumed
that the volume of texts would increase by at léastfold. The benefits of the automated
approach using full texts are several. By elimimgathe manual coding element, we eliminate
coding fatigue and reliability concerns. The tefkt analysis will provide a more in-depth view

of each article.
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Another future research direction is found in tbeotlary to the previous suggestion. A
manual coding analysis could be performed usirnigduts of articles similar to those collected
for the current study, but with a limited stratifieandomized sample of articles from each
publication. Limiting the number of articles indied would minimize coding fatigue without
severely affecting the outcome of the investigati®erforming manual coding would contribute
the insights and experiences of the coders in aumayailable through the automated coding of
centering resonance analysis. Each of these studiald provide confirmation or contradiction
to the current study. Either result advancesitid.f

The results of this analysis are based in thealitee and suggest a direction for future
research in the realm of practice. An interespiagspective on the themes would be found in an
action-based or grounded theory approach. Dires¢rvation of aspects of medical informatics
in practice is essential in expanding the undedstanof the discipline and in maximizing the
benefits that medical informatics practitionerseoff Using the themes found in this study as
guiding principles, subsequent analysis in a healthfacility would enrich the discipline.

Toward the end of this research, the U.S. Congrassed the Budget Control Act of
2011 (S.365) and President Obama signed it intoolavugust 2, 2011 (Public Law Number
112-25). The Act provides a multi-part proceseettuce the federal deficit and directs the
establishment of a special bipartishint Select Committee on Deficit Reductidturther, the
Act establishes strict spending limits and debtictidn measures, to include automatic across-
the-board federal spending reductions by up to #illi#n if the Joint Committee fails to agree
on and accomplish savings of $1.2 trillion. AltigbuMedicaid and a few other large budget
categories (e.g., Social Security, military payd aeterans’ benefits) are exempted from the

across-the-board cuts, Medicaid is not. Also, beedahe aforementioned large budget
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categories are exempted, the remaining areas tiutiget will be hit with a proportionally
larger across-the-board cut. While the ramifiaagiof the law for healthcare in general, and
medical informatics in specific, are unclear, itisar that the continued emphasis on improved
fiduciary responsibility will have a dramatic affem healthcare in the United States. The Law
provides ample research opportunity for studiesteel to the financial benefit and cost-cutting
measures associated with health information systérhe magnitude of this legislation is
enormous — the call for future research in thisaval likely be drowned out by the calls for

analysis from the leaders in government, publid, aivate entities of healthcare.

Concluding Remarks

While it may be cliché in stating that the futusebright for the field of medical
informatics, it is not an understatement. Withtamnng legislation emphasizing digital health
records, dramatic and rapid improvements in tedgygland the ever-pressing need to reduce
healthcare costs, the demand for medical informeasigreat. The discipline provides a
synthesis of information systems, healthcare, dgpers, and research—and it does so in a manner
unlike any other field. Although medical inforneiis relatively young, the field has
established deep roots and a strong foundation caANexpect to see persistent growth and
maturity in the field as scholars, practitionersd aesearchers continue to provide value to the

healthcare of the ever-increasing population.
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Appendix A: Sample SQLite Query Code

Below is the code for extracting the JAMIA publicat information. The code for the
other publications was identical except for a cleeinghe JAMIA” listed in the fourth to the
last line of the code and displayed in bold text:

SELECT

items.itemlID,

titleValue.value AS title,

creatorData0.LastName AS lastnamel,

creatorData0.FirstName AS firstnamel,

creatorDatal.LastName AS lastname2,

creatorDatal.FirstName AS firstname2,

creatorData2.LastName AS lastname3,

creatorData2.FirstName AS firstname3,

creatorData3.LastName AS lastname4,

creatorData3.FirstName AS firstname4,

creatorData4.LastName AS lastnameb,

creatorData4.FirstName AS firstname5,

creatorData5.LastName AS lastname6,

creatorData5.FirstName AS firstname®6,

creatorData6.LastName AS lastname?,
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creatorData6.FirstName AS firstname?,
creatorData7.LastName AS lastname8,
creatorData7.FirstName AS firstnames,
creatorData8.LastName AS lastname9,
creatorData8.FirstName AS firstname9,
creatorData9.LastName AS lastnamel0,
creatorData9.FirstName AS firstname10,
abstractNoteValue.value AS abstract,
pubValue.value AS pubname,
dateValue.value AS date

FROM items

LEFT JOIN itemData AS abstractNoteData ON itemsil = abstractNoteData.itemID
AND abstractNoteData.fieldID = 90

LEFT JOIN itemDataValues AS abstractNoteValue ostractNoteValue.valuelD =
abstractNoteData.valuelD

LEFT JOIN itemData AS titleData ON items.itemIDitteData.itemID AND
titleData.fieldID = 110

LEFT JOIN itemDataValues AS titleValue on titleValualuelD = titleData.valuelD

LEFT JOIN itemData AS pubData ON items.itemID = palta.itemID AND
pubData.fieldID = 12

LEFT JOIN itemDataValues AS pubValue on pubValukiglD = pubData.valuelD
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LEFT JOIN itemData AS dateData ON items.itemID te@@ata.itemID AND
dateData.fieldID = 14

LEFT JOIN itemDataValues AS dateValue on dateVakieeID = dateData.valuelD

LEFT JOIN itemTypes ON items.itemTypelD = itemTypesnTypelD

LEFT JOIN itemCreators AS itemCreatorsO ON iteramitD = itemCreators0.itemID
AND itemCreators0.orderindex = 0

LEFT JOIN creators AS creatorsO on creators0O.créate itemCreators0.creatorlD

LEFT JOIN creatorData AS creatorDataO on creatore@torDatalD =
creatorDataO.creatorDatalD

LEFT JOIN itemCreators AS itemCreators1l ON iteramitD = itemCreatorsl.itemID
AND itemCreatorsl.orderindex = 1

LEFT JOIN creators AS creatorsl on creatorsl.créato itemCreatorsl.creatorlD

LEFT JOIN creatorData AS creatorDatal on creatorsdtorDatalD =
creatorDatal.creatorDatalD

LEFT JOIN itemCreators AS itemCreators2 ON iteramitD = itemCreators2.itemID
AND itemCreators2.orderindex = 2

LEFT JOIN creators AS creators2 on creators2.créatoe itemCreators2.creatorlD

LEFT JOIN creatorData AS creatorData2 on creatoredatorDatalD =
creatorData2.creatorDatalD

LEFT JOIN itemCreators AS itemCreators3 ON iteramitD = itemCreators3.itemID
AND itemCreators3.orderindex = 3

LEFT JOIN creators AS creators3 on creators3.criato itemCreators3.creatorID
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LEFT JOIN creatorData AS creatorData3 on creatoredtorDatalD =

creatorData3.creatorDatalD

LEFT JOIN itemCreators AS itemCreators4 ON iterasitD = itemCreators4.itemID

AND itemCreators4.orderindex = 4

LEFT JOIN creators AS creators4 on creators4.criato itemCreators4.creatorID

LEFT JOIN creatorData AS creatorData4 on creatorsatorDatalD =

creatorData4.creatorDatalD

LEFT JOIN itemCreators AS itemCreators5 ON iterasiitD = itemCreators5.itemID

AND itemCreators5.orderlndex = 5

LEFT JOIN creators AS creatorsb5 on creators5.criEato itemCreators5.creatorID

LEFT JOIN creatorData AS creatorData5 on creatoreatorDatalD =

creatorData5.creatorDatalD

LEFT JOIN itemCreators AS itemCreators6 ON iteremitD = itemCreators6.itemID

AND itemCreators6.orderindex = 6

LEFT JOIN creators AS creators6 on creators6.criEato itemCreators6.creatorID

LEFT JOIN creatorData AS creatorData6 on creatoreé@torDatalD =

creatorData6.creatorDatalD

LEFT JOIN itemCreators AS itemCreators7 ON iterasiitD = itemCreators7.itemID

AND itemCreators7.orderlndex = 7

LEFT JOIN creators AS creators7 on creators7.criato itemCreators7.creatorIiD

LEFT JOIN creatorData AS creatorData7 on creators@torDatalD =

creatorData’.creatorDatalD
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LEFT JOIN itemCreators AS itemCreators8 ON iteramitD = itemCreators8.itemID
AND itemCreators8.orderindex = 8

LEFT JOIN creators AS creators8 on creators8.créate itemCreators8.creatorlD

LEFT JOIN creatorData AS creatorData8 on creatore8torDatalD =
creatorData8.creatorDatalD

LEFT JOIN itemCreators AS itemCreators9 ON iteramitD = itemCreators9.itemID
AND itemCreators9.orderindex = 9

LEFT JOIN creators AS creators9 on creators9.créate itemCreators9.creatorlD

LEFT JOIN creatorData AS creatorData9 on creatore@torDatalD =
creatorData9.creatorDatalD

LEFT JOIN collectionltems ON items.itemID = collextltems.itemID

INNER JOIN collections ON collectionltems.collecti® = collections.collectionID
AND collections.collectionName JAMI A"

LEFT JOIN deletedltems

ON items.itemID = deletedltems.itemID

WHERE deletedltems.itemID IS NULL
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Appendix B: Coding Procedures Guide
General Instructions:

1. You are coding article abstracts, letterhéoeditor, or brief introductory sections (heregft
“texts”), of journal articles searching fdtedical Informaticshemes. For the purpose of this
study, Medical Informatics is defined @ discipline dedicated to the systematic prooessi
analysis, and dissemination of health-related dataugh the application of digital information
systems (computers) to various aspects of heakhcasearch, and medicine
2. Following are the research questions and sestgpns for the study. It is important that you
keep the research questions and sub-questions forfront of your mind while coding the
texts:

Research Question 1: What themes have emergbd medical informatics discipline
since its inception in the 1960s?”
Sub-question 1: What themes emerge from the meutifcaimatics literature?
Sub-question 2: What medical informatics themesrgem&om the related fields of
medicine and management information systems?
Research Question 2: What challenges exist fomibaical informatics discipline?
Research Question 3: What future directions doeditdrature suggest for the field?
3. Familiarize yourself with the coding definit®below each time you begin a coding session
and keep a copy of the definitions available dudoding. Table A.1 and A.2 includes three

general themes and most article texts should redadeleast one of them. Table Y includes
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perceived characteristics of innovations as comtkim RogersDiffusion of Innovationsheory.

The themes and characteristics listed in TableadYaare preloaded in DiscoverText. The

“DiscoverText keystroke” column lists the keys thah be used to quickly code a text with the

respective theme or characteristic without havingde the mouse. If you code a text as

“REMOVE,” you should not code it with any other thes or characteristics. If you type in your

code choices, separate multiple codes with a atiiee “|” (usually the SHIFT, BACKSLASH

key).

4. Take at least a 10 minute break after codmteRts (i.e., abstracts or introductory sections)

or after 1 hour, whichever occurs first. Even itiydon’t feel tired, take at least a 10 minute

break before continuing to code and re-read thengodhriable definitions below before starting.

Table B.1.
Themes
DiscoverText
Theme Description keystroke
REMOVE The article text is unrelated to medical infornstimd should be removed
from the dataset R
Information systenvtechnology that contributesdodymedicine and good
Direct Patient Care health for the individual and aids organizatioeatlers in making decisions
(e.g., electronic medical records) D
Exchange, creation, distribution, analysis, or sidopf medical and health
Business Analytics knowledge ideas, insights, and experiences witldneeross organizations
(e.g., data mining for health reporting) B

Information Architecture

Contributes to well-organized, patient-centeredtiheare and appropria
information management (e.g., intra-organizatibealth information
systems architecture; health information data exgghatandardization)

147



Table B.2
Perceived Characteristics of Innovations (Rogeéi632pg 170)

DiscoverText
Characteristic Description keystroke
The degree to which an innovation is perceivedegtebthan the idea it
Relative Advantage supersede A
The degree to which an innovation is perceivedeigylzonsistent with the
Compatibility existing values, past experiences, and needs efif@gdtdopters C
The degree to which an innovation is perceivedifiaitito understand
Complexity and use X
The degree to which an innovation may be experedenith on a limited
Trialabilty basis T
Observability The degree to which the results dafiaovation are visible to others (0]

5. In the coding section of DiscoverText, you s#le the following information near the top of

the screen:
7 (8) Relative Advantage [ (C) Compatibility {1y Infarmation Architecture T (O) Observahility T (T) Trialahility T (<) Complesxity
I™ (B) Business Analytics [ (D) Direct Patient Care I (M) Mot Listed ™ (R) REMOVE

Using the applicable DiscoverText keystroke fronbl[€aA.1/A.2, above, select the appropriate
code(s) for each article text. You may use a malisk on the appropriate entry box instead of
the DiscoverText keystroke if you prefer.

6. Once you have selected all the appropriates;quess the ENTER key on your keyboard or

click the onscreen “Code” buttc to move on tortket article text.

7. Once you are done with a coding session, ttielked stop sig| to save your work and
leave the coding session. You can do this whentgke a break or when you have completed

your coding assignment.

End of code book.
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