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ABSTRACT 

Little is known about the communication principles necessary for the design and 

implementation of health information technology (HIT) that supports the needs of 

healthcare providers from multiple professions. The purpose of this descriptive, 

exploratory research was to examine the patterns and methods of communication used by 

nurses, physicians, social workers, respiratory therapists, and pharmacists to share patient 

information during a patient handoff between units. The principles of complexity science 

were used as a theoretical framework and an original model of the healthcare 

organization consisting of embedded complex adaptive systems is presented. 

Five patient handoffs from the emergency department to participating inpatient 

units were included in the study. Providers responsible for the care of patients during the 

designated handoffs were identified through observation and snowball sampling and 

asked to complete a survey asking whom they communicated with and how. Social 

Network Analysis was used to map, analyze, and compare the communication patterns 

used by healthcare providers. Inferential statistics and thematic content analysis were 

used to examine provider characteristics and satisfaction with the quality of information 

available. 

The multi-professional collaborative patterns that emerged revealed the 

simultaneous use of both synchronous and asynchronous communication methods. HIT 

was shown to play a major role in the coordination process. Centrality and centralization 

measures identified that there is no one particular professional group dominating 

communication and hierarchy metrics indicate a unidirectional communication flow with 
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tiers of dominant providers filtering information to providers on the lower tiers. These 

patterns suggest that the coordination of patient care during a handoff is a complex 

process that is the domain of more than one professional group. 

Satisfaction with the quality of available information was higher for providers 

working in the ED compared to the admitting units. Verbal communication was preferred 

by most participants despite difficulties identifying or contacting providers in other units. 

This study provides a foundation for future research that examines how communication 

principles that reflect the needs of multiple providers can be incorporated into healthcare 

provider workflow and HIT design. 



 
 
 

12

CHAPTER 1: BACKGROUND AND SIGNIFICANCE 

Introduction 

The goal of this research is to investigate how healthcare providers from multiple 

professional groups use information technology to share a patient’s clinical information 

with other providers during a patient handoff between units. This chapter will provide an 

overview of the problem, rationale for this study, and the research questions. Appendix D 

provides definitions of network analysis terms used throughout this paper. Concepts 

specific to this paper are provided at the end of this chapter. 

Overview of the Problem 

“We have moved from patients experiencing individuals as caregivers to patients 

experiencing systems as caregivers…it is not just individual brilliance that matters 

anymore…it’s a coordinated effort” (Gittell, Wimbush, & Shu, 2000). 

The current hospital environment is characterized by the provision of complex 

care through short encounters with multiple providers. For example, during a hospital 

stay for cardiac bypass surgery a patient will typically be moved between multiple units 

(i.e. pre-surgery holding, surgery, post anesthesia care unit, cardiac care unit) and receive 

care from different healthcare professionals in each area (Vogeler, 2004). Reducing 

medical errors in this disjointed environment has emerged as a crucial element in the 

quest to improve patient safety and provide quality care (IOM, 2004; Kohn, Corrigan, & 

Donaldson, 2000; Leapfrog, 2005; Lenert, Burstin, Connell, Gosbee, & Phillips, 2002; 

Staggers, 2004). While new facilities are redesigning the physical environment to reduce 

the number of patient transfers (Vogeler, 2004), existing facilities often look to 
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technological solutions, such as clinical information systems (CISs), to coordinate patient 

information along the continuum of care.  

Complicating the situation is pressure from governmental initiatives (Thompson 

& Brailer, 2004), healthcare watchdog groups (Leapfrog, 2005), accreditation agencies 

(JCAHO, 2005a), and consumers (Charette, 2006), who often regard the implementation 

of technological solutions as the panacea for problems with the current fragmented 

healthcare system. Many organizations have responded to this challenge by rapidly 

implementing clinical information systems with the goals of meeting government 

guidelines, facilitating care coordination, and reducing medical errors (McKnight, 

Stetson, Bakken, Curran, & Cimino, 2002; Vidyarthi, 2004). 

Often overlooked is how the new technology may influence healthcare provider 

workflow and the role of user acceptance in successful implementation (Aarts, 

Doorewaard, & Berg, 2004; Ash, 1997; Ash, Berg, & Coiera, 2004; Ball, Weaver, & 

Abbott, 2003; Gurses & Xiao, 2006). Also overlooked is the potential impact of these 

technological solutions on the efficiency and quality of interprofessional communication 

and collaboration when team boundaries are redrawn and the form and pattern of 

healthcare provider communication and information exchange are altered (Coiera, 2004; 

Cott, 1997; McKnight et al., 2002). 

Problems integrating technology solutions into existing workflow and new types 

of medical errors that are either influenced or caused by technology have resulted in 

closer examination of how technological design and human factors, such as social status, 

membership in a particular professional group, or user education and experience, 
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influence the effective use of clinical information systems (Kaplan, 2003; Kaplan & 

Shaw, 2004). This has led to the recognition that organizational decision makers and 

designers of health information technology (HIT) systems must understand how 

healthcare providers access and communicate clinical information and how information 

technology, such as the electronic clinical information system, influence this process 

(McKnight et al., 2002). Researchers are acknowledging the iterative, complex, and 

adaptive process by which information technology influences communication and 

workflow processes and, in turn, communication and workflow processes influence the 

design, implementation, and use of information technology (Effken, 2002; Kaplan & 

Shaw, 2004; Licoppe & Smoreda, 2005; McBride, 2005). 

In the early 1990’s, the Harvard Medical Practice Study reported that undesirable 

events, such as medical error, are precipitated by the complex interaction between a 

diverse group of caregivers, the patient and the patients’ diagnosis (Leape et al., 1991). In 

response, Leape et al. called for moving away from blaming individuals to examining 

contextual influences for error, including communication failure. Following these 

recommendations, Wilson et al. (1995) examined adverse events in 28 Australian 

hospitals, concluding that communication failure contributed to errors much more 

frequently than inadequate clinical skill. A systems approach also guided the Institute of 

Medicine’s examination of the United States healthcare environment and the recognition 

that a new healthcare delivery system that supported safe patient care was sorely needed 

(IOM, 2001, 2004). The IOM reports called for developing a culture of safety supported 
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by improved information sharing and management through the increased use of 

technology (IOM, 2001, 2003, 2004). 

Implementation of information technology also influences the social processes 

that characterize communication among members of the multiple professional groups 

involved with patient care (Anderson, 2002; Bates et al., 2001). Because knowledge 

sharing is a social process, and team efficacy is an emergent state dependent on the 

specific characteristics of this process (Srivastava, Bartol, & Locke, 2006), collaborative 

patient care critically depends on the capacity of care providers from multiple 

professional groups to build on the care provided by other healthcare providers (Adler, 

2006). 

Rationale for the Study 

In a rapidly changing patient care environment, multiprofessional care providers 

require accurate and timely information in a format they can use to make adaptive, 

collaborative patient care decisions (Strauss, Fagerhaugh, Suczek, & Wiener, 1985; Zack, 

2000). Researchers studying gaps in continuity of care have identified a patient hand-off 

as a particularly high-risk process where positive patient outcomes depend on effective 

communication among healthcare providers (Cook, Render, & Woods, 2000; JCICP, 

2005; Solet, Norvell, Rutan, & Frankel, 2005; Vidyarthi, 2004).   

Communication failure among care providers is a major factor contributing to 

medical error (Gurses & Xiao, 2006; Leape et al., 1991; Sutcliffe, Lewton, & Rosenthal, 

2004; Wilson et al., 1995). Transfer of patients between units and/or for surgery or 

diagnostic testing is commonplace in the modern hospital setting. Communication 
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failures during transfers are a major cause of discontinuity of care, which increases the 

likelihood of medical error, failure to rescue, and increased complications (IOM, 2001; 

JCICP, 2005; Kohn et al., 2000; Lenert et al., 2002; Staggers, 2004).  

However, health information technology (HIT) does not always result in 

improvements in patient outcomes (Aarts et al., 2004; Ash et al., 2004; Berger & Kichak, 

2004; Effken, 2002; Koppel, Metlay et al., 2005). It has been demonstrated repeatedly 

that information technology will not improve dysfunctional or inadequate communication 

processes without major changes to the healthcare environment (Clarke & Aiken, 2006). 

For example, when information technology solutions are implemented in an organization 

with poor work flow, the technology may actually magnify the problem (Burkhardt & 

Brass, 1990). In part, this is due to the interruption-fraught context of the healthcare 

environment, which encourages providers to follow non-linear strategies to complete a 

task (Horsky, Zhang, & Patel, 2005). These ad hoc strategies further increase the 

environmental uncertainty and degrade care processes that critically depend on rapid and 

clear communication. In addition, many information system design principles are based 

on historical applications for managing administrative and financial information and are 

not suited for clinical information systems that meet the needs of multiple healthcare 

professionals (Chaudhry et al., 2006). 

Research is needed that will help us understand what information healthcare 

providers communicate during patient handoffs and how electronic clinical information 

systems influence the resulting communication patterns. This knowledge is important to 

our understanding of how to redesign the current healthcare delivery environment and 
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incorporate information technology solutions that complement one another and enhance 

the ability of healthcare providers to access the information needed to provide quality 

patient care. 

Purpose 

The purpose of this exploratory research study was to clarify how healthcare 

providers use information technology to share patient information with other healthcare 

providers during a patient handoff between units. Social network analysis (SNA) was 

used to explore healthcare provider social networks, multiprofessional healthcare 

provider communication patterns, and the role of the electronic clinical information 

system in the communication of patient information.  

Research Questions 

What communication patterns are exhibited by healthcare providers from multiple 

professions during a patient handoff between units? 

Are healthcare providers satisfied with the effectiveness of current 

communication methods? 

Significance 

Research set in the actual practice environment is needed to help understand how 

the characteristics of the healthcare provider, organization, and social network influence 

the ability of the individual practitioner to contribute their unique expertise and 

knowledge to collaborative patient care. This research may help clarify how healthcare 

providers communicate clinical information during the provision of care. This new 

knowledge will assist with the design and implementation of electronic clinical 
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information systems that sustain both the communication needs of multiprofessional 

healthcare providers and effective communication of clinical information across the 

continuum of care. 

Definitions 

The following concept definitions are used throughout the dissertation: 

Clinical information: patient health information recorded in either paper, electronic 

format or shared verbally. 

Clinical Information System (CIS): an integrated patient record that contains 

administration, financial and clinical patient information; the CIS may be paper-based, 

electronic, or a combination of both. 

Communication pattern: the communication norms for healthcare providers; for 

information system design purposes, communication patterns are “the key design 

elements that ensure that the systems supporting the communities [healthcare providers] 

properly embody the communication norms of the community” (de Moor & Weigand, 

2005).  

Hand-off: “The complete transfer of responsibility and care-giving activities from one 

provider to another, where the initial provider subsequently physically leaves the scene” 

(Dierks, Christian, Roth, & Sheridan, 2003, p. 6).  

Healthcare provider: provider of patient care, with professional affiliation as a physician, 

nurse, physician assistant, nurse practitioner, social worker, or respiratory therapist. 

Multiprofessional: healthcare providers from multiple professions (medicine, nursing, 

social work, respiratory therapy, pharmacy).
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CHAPTER 2: LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK 

Introduction 

This chapter will present a review of relevant literature on communication among 

healthcare providers and implementation of health information technology. In addition, 

literature examining how work environment characteristics influence the communication 

process is reviewed. An overview of complexity science and how these principles guided 

the conceptual framework for this research are also presented.   

Literature Review 

Overview 

For over 20 years medical professionals have known that poor communication 

between healthcare providers influences patient care (Abramson, Wald, Grenvik, 

Robinson, & Snyder, 1980). As the healthcare environment grew more complex, the 

sharing of patient clinical information among multiple providers grew more problematic. 

In numerous studies communication problems among healthcare providers were shown to 

result in increased medical error (Alvarez & Coiera, 2006; Kohn et al., 2000; Leape et al., 

1991; Sutcliffe et al., 2004; Wilson et al., 1995). This realization led researchers to focus 

on understanding how ineffective communication caused medical error and how 

improved communication could potentially reduce the level of adverse events and 

improve patient outcomes (Alvarez & Coiera, 2006; Bensing, 2005; Chen et al., 2004; 

Gosbee, 1998; Gurses & Xiao, 2006; McCauley & Irwin, 2006; Simpson, James, & 

Knox, 2006; Sutcliffe et al., 2004; Taylor, 2003; Wilson et al., 1995).  
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Collaboration and Communication 

Numerous researchers (Larson, 1999; Mitchell & Crittenden, 2000; Risser et al., 

1999; Sexton, Thomas, & Helmreich, 2000) have proposed increasing collaboration 

among healthcare professionals as a solution. Often specific attention has been focused 

on the quality of collaboration and communication between nurses and physicians (Fagin, 

1992; Manderino & Berkey, 1997; Stein, 1967; Stein, Watts, & Howell, 1990). Fagin 

(1992) observed that a collaborative relationship is characterized by interdependence, not 

subordination, and requires mutuality. Physicians and nurses often have different views 

on the desirability or even the existence of such a relationship (Fagin, 1992; Larson, 

1999). The differing worldviews of these two professional groups are reflective of their 

historical roles and “disparities between physicians and nurses with regard to 

socioeconomic status, education, and socialization” (Larson, 1999, p.38).  

The historic roles of healthcare providers are evident in Stein’s description of “the 

doctor-nurse game,” in which nurses and physicians modified their communication 

behavior with the other profession so that a hierarchical power relationship was preserved 

(Stein, 1967). This inefficient communication style actually requires both nurses and 

physicians to use mutually indirect communication styles to gather the information 

needed to plan and implement collaborative patient care (Stein, 1967). Revisiting the 

subject, Stein et al. (1990) discovered that societal changes and changes in the education 

and training of both physicians and nurses was influencing a move from the hierarchical 

model to one of collegiality and interdependence.  
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Unfortunately, the organizational culture that supported the doctor-nurse game 

provided an environment that often supported disruptive and abusive communication 

styles that further impaired the free exchange of patient information (Fagin, 1992; Forte, 

1997; Rosenstein & O'Daniel, 2005; Watson, 2002). This outcome is of particular 

concern in the clinical environment because relationships of unequal power may lead to 

increased medical error when providers are reluctant to ask questions or verify 

information necessary for collaborative patient care (Frankel, 2000; Manderino & 

Berkey, 1997; Sexton et al., 2000). Krackhardt (1990) noted that power can be measured 

by access and control of the information necessary to “mobilize the resources necessary 

to accomplish some end” (p. 343). Power of this nature in the healthcare setting 

influences the ability of individual healthcare providers to access the patient clinical 

information necessary for effective patient care. Knowledge of who has the information 

(i.e. power) is also an important factor when examining communication networks 

(Krackhardt, 1990). 

Patient Handoff Communication 

Hierarchical environments and the actual or perceived social status of healthcare 

providers may create barriers that interfere with coordination of care by determining who 

is eligible to raise questions or issues (Solet et al., 2005). A patient handoff in which the 

“complete transfer of responsibility and care-giving activities from one provider to 

another, where the initial provider subsequently physically leaves the scene” has been 

identified as a communication-dependent process that is particularly vulnerable to errors 

of omission (Dierks et al., 2003, p. 6). The healthcare providers assuming care of the 
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patient require up-to-date patient information in order to make informed decisions and 

provide seamless care. This requires the free flow of information between the healthcare 

providers transferring the patient and the providers assuming care (Dierks et al., 2003).  

Barriers to effective information transfer during handoffs include “the social 

setting, language barriers, medium of communication, time and convenience issues, [and] 

education issues” (Solet et al., 2005, p. 1098). Inadequate communication during 

handoffs may result in increased medication errors, increased length of stay, redundant or 

unnecessary laboratory and diagnostic testing, and patient dissatisfaction (Vidyarthi, 

2004).  

Healthcare Environment, Communication and Medical Error 

Identification of these problems led to the realization that research was needed to 

understand how healthcare providers communicate clinical information and the 

characteristics that define effective communication among providers (Alvarez & Coiera, 

2006; Simpson et al., 2006). In addition, researchers began to recognize that 

communication in a complex healthcare environment consisted of multiple layers; that is, 

many different synchronous and asynchronous communication methods, devices, and 

channels were used simultaneously by healthcare providers (Alvarez & Coiera, 2006). 

Many communication methods, such as the telephone, have been identified as adding to 

the complexity and turbulence of the environment by interrupting the healthcare provider 

during another task (Alvarez & Coiera, 2006).  

Time constraints and high levels of uncertainty further add to the complexity of 

the turbulent healthcare environment and influence both the manner and method used to 
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convey patient information (Gittell, Fairfield et al., 2000). Leape et al. (1991) cautioned 

that “preventing medical injury will require attention to the systemic causes and 

consequences of errors” (p. 383), rather than blaming individuals (Reason, 2000). For 

multiprofessional communication and collaboration, this means examining how the 

organization’s structure and culture supports or constrains the actions of individual 

practitioners (Chassin & Becher, 2002; Kaplan, Brennan, Dowling, Friedman, & Peel, 

2001). In addition, a systems approach requires recognizing that humans make errors; 

then devising system safeguards that acknowledge this possibility and provide the 

necessary checks and balances to detect, respond to, and prevent errors (Chassin & 

Becher, 2002; Reason, 2000).  

This systems focus has led to a closer examination of the clinical environment, 

clinical processes, and the culture in which patient care is provided (Sutcliffe et al., 

2004). Viewing error as the result of system inadequacies, as opposed to individual 

incompetence, recognizes that a primary cause of most medical error is a system that 

either failed to provide the safeguards necessary to prevent errors from occurring or 

created an environment that made initial and repeated error likely to occur (IOM, 2001; 

Kohn et al., 2000; Maxfield, Grenny, McMillan, Patterson, & Switzler, 2005). Identifying 

contributing factors and latent conditions within the system that provides patient care will 

help to identify the factors that support or interfere with multiprofessional collaboration 

and communication (Boyle & Kochinda, 2004; Chassin & Becher, 2002; Gittell, Fairfield 

et al., 2000; Gurses & Xiao, 2006).  
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Health Information Technology 

Organizational factors may also influence the success of HIT implementation and 

adoption. For instance, Ash (1997) noted that, although healthcare organizational 

attributes, such as management style and culture, influence both the decision to 

implement and the diffusion of new technology “it is up to individuals within the 

organization to make independent decisions about adoption and usage” (p. 103). In one 

case, it was observed that the implementation of information technology in a large 

university medical center resulted in “emergent change” (p. 214) due to interactions 

between the existing organizational and technical environment and the introduction of the 

CPOE (Aarts et al., 2004). 

Increased use of health information technology (HIT), including an electronic 

CIS, has been proposed as an important component of a healthcare environment and 

culture that supports improved information sharing and management to reduce medical 

errors (IOM, 2001, 2003, 2004). Unfortunately, pressure to quickly implement 

technological solutions has sometimes led to less than optimal outcomes. Horsky, 

Kuperman, & Patel (2005) identified multiple design problems associated with increased 

error during medication ordering using a computerized provider order entry (CPOE) 

system. The design problems interfered with the clarity of communicated information 

between providers. Integrating information systems from different units and/or serving 

specific functions (e.g., laboratory, medication administration) often results in a 

patchwork of systems that do not interact efficiently, or perhaps, not at all (Chassin & 

Becher, 2002; Stead, Kelly, & Kolodner, 2005). This often leads to data from one system 
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not being available in another system, resulting in errors related to the unavailability of 

data to all providers (Chassin & Becher, 2002). 

Although communication among members of the patient care team accounts for 

the major part of information flow in healthcare, and communication failure is recognized 

as contributing significantly to medical error and less than optimal patient outcomes; not 

all communication processes are conducive to computer-based solutions. Coiera (2000) 

noted that in order for HIT to work effectively, there must be “common ground” between 

users.  Part of the common ground comes from formalized, established language and 

communication patterns. When additional sources of information are needed to clarify the 

message (e.g., body language, or discipline specific or informal terminologies), HIT can 

prove to be a barrier, rather than a support. 

Implementation of HIT has been known to cause additional work for busy 

healthcare providers by changing their work routines and interfering with established 

methods of communication (Kaufman, Roberts, Merrill, Lai, & Bakken, 2006). This can 

lead to “latent or silent errors that are the result of a mismatch between the functioning of 

the patient care information system and the real-life demand of healthcare work” (Ash et 

al., 2004, p. 105). Ash and her colleagues (2004) have observed two kinds of errors: 

errors in the process of entering and retrieving information and errors in the 

communication and coordination process. Errors in communication and coordination 

include: “(1) misrepresenting collective, interactive work as linear, clear-cut, and 

predictable workflow; and (2) misrepresenting communication as information transfer” 

(Ash et al., 2004, p. 107). The first problem was due to the inflexibility of the information 
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system in capturing the non-linear process that characterizes work in the interruption-

filled healthcare environment. The second problem occurred when entry of information 

into the system was regarded as a completed communication act. For example, a 

physician entering a medication order into the system assumed incorrectly that the order 

was received and acted on by the nurse, an assumption that was based upon previous 

work processes. The change in workflow with provider order entry also interfered with 

the redundant multiprofessional communication process that frequently caught errors 

when nurses transcribed physicians’ manual orders. This identifies the importance of 

designers of HIT recognizing the “non-linear, context-dependent, fast, communication-

dependent, interruption-filled, uncertain, and collaborative nature of hospital clinical 

practice” (Koppel, Localio, Cohen, & Strom, 2005, p. 269). 

This interruption-driven healthcare environment often results in providers 

following non-linear strategies to complete a task (Horsky, Zhang, and Patel, 2005), this 

nonlinearity, in turn, results in uncertainty and influences the communication and 

collaborative qualities of care that are “critically dependent on clear and speedy 

communication” (p. 265). If information technology is implemented in an organization 

with poor work flow (structure) it will not correct the problem; instead the problem has 

the potential to be magnified (Burkhardt & Brass, 1990). Latent conditions in the 

environment, such as poor communication and collaboration between healthcare 

providers, may be further complicated by a “culture of low expectations” in which 

healthcare providers, who have learned to expect poor or incomplete information, ignore 
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warning signals because they perceive them as “not unusual, worrisome harbingers but 

rather mundane repetitions” (Chassin & Becher, 2002, p. 830).   

Human Factors 

Numerous informatics scientists have looked to human factors research that 

examines the interaction between humans and medical technology to explain 

implementation problems and to design systems that reflect understanding of the needs of 

the healthcare team (Ash et al., 2004; Chan, 2002; Effken & Doyle, 2001; Kushniruk & 

Patel, 2004; Leape, 2005; Rasmussen, 1986; Vicente, 1999; Weinger & Slagle, 2002; 

Zhang, Patel, & Johnson, 2002). Ash, Berg, and Coiera (2004) noted that errors that 

occur at the border between the information system and work practice are the result of 

HIT design flaws that fail to grasp the nature of healthcare work. Human-computer 

design issues include unsuitable interface design and cognitive overload related to the 

mismatch between the linear processes embedded in the information system and the non-

linear work processes of the healthcare providers.  

Forsythe (1993, 1996) observed that healthcare providers have culturally-based 

assumptions about the information needed by providers from other professional groups or 

disciplines. She discovered that these values and expectations are often embedded in the 

actual design of HIT (Forsythe, 1993, 1996). During the examination of the effects of an 

electronic record system on human cognition researchers discovered that physicians 

changed their knowledge organization, information gathering, and reasoning strategies 

when they were exposed to the system (Patel, Kushniruk, Yang, & Yale, 2000). 

Researchers have argued that we must learn “not only how technology shapes our minds 
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but also how our knowledge about cognition should shape technology” (Patel et al., 2000, 

p. 584). Knowing how healthcare providers from multiple professions make decisions is 

an important aspect of HIT design and implementation (Kushniruk, 2002).  

Summary 

This review supports the need for properly designed technological solutions to 

enhance access by healthcare providers to the patient clinical information necessary to 

anticipate, detect, and bridge actual or potential gaps during a patient handoff. Research 

is needed to help understand what information providers communicate during a patient 

handoff and how information technology influences the resulting communication 

patterns. This information will inform workflow and technology designs that support the 

coordination of patient care among healthcare providers representing different 

professions and work units.  

Conceptual Framework 

Early organizational research was often based on Newtonian principles: the 

organization was viewed as a machine, made up of multiple parts, and one had only to 

understand and manipulate the interchangeable parts to ensure the smooth operation of 

the machine or organization (Klein & Kozlowski, 2000). This reductionist worldview 

guided research that supported mechanistic practices, based on cause and effect linkages 

or on predictions based on historical data that rewarded standardized practice and 

inhibited creativity. While providing guidance “when goals are clear and there is little 

uncertainty in the prevailing business environment” (Lewin, 1999, p. 201), this approach 

often led to frustration and failure in the context of the unpredictable healthcare 
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environment where social, environmental, cultural, and political factors often interfered 

with the replication and/or implementation of interventions or solutions based on these 

premises (IOM, 2001). 

General Systems Theory (GST), based on the Aristotelian principle that the whole 

is different from the sum of its parts, has provided valuable guidance in the growth and 

development of organizational research and theory (Klein & Kozlowski, 2000). These 

perspectives recognize that a system is made up of multiple levels and it is important to 

understand the integrated relationship of phenomena as they emerge across organizational 

levels. 

Building on GST principles, Complexity Science (CS) encompasses numerous 

interdisciplinary theories and frameworks in the study of multilevel complex adaptive 

systems (CASs). CASs are diverse sets of interdependent elements that have the ability to 

change and/or learn from experience (Zimmerman, Lindberg, & Plsek, 2001). In addition, 

the actions of one have the potential to change the context for another. These elements 

are combined to form diverse groups of connected yet independent agents, which have 

the ability to individually adjust their behavior in response to their local environment or 

conditions and to adapt and interact as a new system embedded within the larger 

environment (Hoffman, 2000). These highly-interactive agents form a stable structure 

that operates and thrives at the edge of chaos, with enough stability to not create anarchy, 

but not enough stability to be predictable or have repetition (Burns, 2001).  

CS principles support optimal information flow as a factor in the adaptability of a 

CAS. Many CS scholars have expressed the view that behavior of an organization is 
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determined by the simple deterministic rules followed by lower-level agents (Anderson, 

Ammarell et al., 2005; Anderson, Corazzini, & McDaniel, 2004; Anderson & McDaniel, 

2000; Holland, 1998; Monge & Contractor, 2003). This viewpoint purports that no one 

agent controls the system; instead the entire CAS operates in a far from equilibrium state 

that allows the CAS to self-organize when it reaches a bifurcation point; the point where 

the system moves to a new level where it is able to respond to environmental variables. 

This iterative, nonlinear feedback process (by which the CAS reacts to both internal and 

external influences) results in both self-regulation and the simultaneous stability and 

flexibility of CASs (Begun, Zimmerman, & Dooley, 2003; Haigh, 2002).  

The study of communication networks has followed a trajectory similar to 

healthcare systems research. Atheoretical or single theory-based research studies often 

failed to capture more than a small amount of variance, limiting the explanatory power of 

the results. In addition, most studies were done at a single level of analysis (individual, 

dyad, or entire network) and failed to take into account the contextual influences of other 

levels (Monge & Contractor, 2003). The multilevel perspective recognizes that the 

communication network is made up of organization, group, and individual levels and the 

contextual influences of, not only the network of interest, but also the attributes of the 

environment and the people who make up the system (Klein & Kozlowski, 2000; Monge 

& Contractor, 2003). 

The theoretical underpinnings of Social Network Analysis (SNA) methodology 

incorporates two social contextual factors not addressed in many traditional research 

methodologies. The first is that an agent (healthcare provider) within a social system 
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(hospital) interacts with other agents and that this is a significant factor in the individual 

agent’s perceptions, beliefs, and actions. The second is that there are levels within the 

social system (hospital); and the social structure (communication pattern) emerges from 

the relationship patterns of the individuals (healthcare providers) embedded within these 

levels (Knoke & Kuklinski, 1982). In other words, individual healthcare providers are 

embedded in the social structure (Brass, 2000) and social phenomena (such as 

multiprofessional communication) do not exist at the individual level (Knoke & 

Kuklinski, 1982). This is congruent with CS principles (Anderson, Crabtree, Steele, & 

McDaniel, 2005) and the focus used by many network researchers to examine 

communication (Monge & Contractor, 2003). SNA provides the tools necessary to study 

not only these relationships, but also their properties and/or dimensions.  

The multitheoretical, multilevel principles of CS will be used to frame the 

philosophical underpinnings of this research. CS principles include recognition that the 

emergent communication patterns of healthcare providers are influenced by both 

environmental constraints and the characteristics that influence the interactions among 

healthcare providers (Juarrero, Sotolongo, van Uden, & Capra, 2007). The conceptual 

framework of this dissertation incorporates healthcare providers as individual CASs, 

embedded within the unit, organizational, and emergent patient handoff CASs (Figure 1).  

Key CAS characteristics for the study of communication networks are self-

organization and emergence (Anderson, Crabtree et al., 2005; Monge & Contractor, 

2003). Self-organization is described as the ability of the CASs to “create and sustain an 

internal structure in response to the flow of matter and energy around them” (Monge & 
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Contractor, 2003, p.241) or, for human CASs, “the process by which people mutually 

adjust their behaviors in ways needed to cope with changing internal and external 

environmental demands” (Anderson, Crabtree, et al., 2005, p.5). Emergence is viewed as 

both process and structure when seeking to understand how a CAS self-organizes, 

interacts with other CASs, and outcomes emerge (Anderson et al., 2004; Anderson, 

Crabtree et al., 2005; Lewin, 1999; Zimmerman et al., 2001).  

 

Groups of healthcare providers caring for an individual patient comprise 

knowledge networks that depend on self-organization to coordinate tasks such as a 

patient handoff (Monge & Contractor, 2003). Interdependencies and interactions of 

FIGURE 1. Embedded Healthcare Organization Complex Adaptive Systems 
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individual healthcare providers are key components of embedded, self-organizing CASs 

and must be appreciated if the characteristics of the organizational system are to be 

understood (Anderson, Crabtree et al., 2005). Embedded group level CASs have porous 

boundaries (McDaniel, Jordan, & Fleeman, 2003; Plsek & Wilson, 2001). These 

boundaries allow the movement of individual-level CASs between different group-level 

CASs.  

Cilliers (Anderson et al., 2005) noted that incorporating methods that examine the 

intricate relationships between the elements that make up a CAS is a crucial component 

of research designs that do not risk dividing up the system and, in the process, destroying 

what they want to understand. Agent-based modeling, such as network analysis, is an 

example of a research method that is used increasingly to understand how group level 

communication behaviors emerge from the interactions among healthcare providers while 

preserving the contextual elements of the system (Holland, 1998). 

When information is shared with others, it becomes independent of the provider 

and raw material for the generation of new knowledge. Sharing nonredundant knowledge 

with other providers during the provision of patient care facilitates the completion of 

complex, collaborative tasks (Monge & Contractor, 2003). Multilevel contextual 

properties, such as social role, policies, organizational culture, and interpersonal 

dynamics among collaborative group members may constrain the free flow of 

information and, in doing so; inhibit the ability of the individual CAS (e.g., healthcare 

provider) to share important observations or knowledge. In turn, this omission may 
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influence the ability of other individual CASs to self-organize, influencing outcomes of 

the collaborative care process.  

Summary 

This chapter presented a review of literature pertaining to communication among 

healthcare providers and implementation of health information technology. Little is 

known about the communication principles necessary for successful design and 

implementation of information technology that supports the needs of multiple healthcare 

providers. Research is needed to gain understanding of how healthcare providers 

communicate the information needed to provide collaborative patient care. This 

information will assist with the design of information technology and work environments 

that support communication between healthcare providers from multiple disciplines. In 

addition, CS principles were presented and applied to the conceptual framework for 

research on the role of information technology on multiprofessional communication 

during a complex task, such as a patient handoff between units.  
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CHAPTER 3: METHODS 

Introduction 

This chapter begins with an overview of Social Network Analysis (SNA), 

including hypothetical examples of SNA data structure and output. Due to the unique 

language of this methodology, italicized concepts in the overview section are included in 

the glossary of SNA terms (Appendix D). Descriptions of the research project setting, 

sample, design, instrumentation, procedures, data management and data analysis plans 

follow the SNA overview.  

Social Network Analysis Overview 

Many systems and informatics scientists have recognized the benefits of 

combining the perspectives and worldviews of researchers from multiple domains in 

order to understand more about sociotechnical interactions between humans and 

technology in the complex and turbulent healthcare environment (Ash, 1997; Ash et al., 

2004; Kaplan, 2001; Kaplan et al., 2001; McBride, 2005; Snyder-Halpern, Corcoran-

Perry, & Narayan, 2001). One way to accomplish this goal is to incorporate 

methodological pluralism as a way to gather the rich data needed to guide the design, 

implementation, and evaluation of the technologically enhanced patient care environment 

(Brennan, 2006; Jennings, 2006; Kaplan, 2001; Mitchell, 2006; Skiba, 2006). 

Standard social research methods have often focused on the behavior and/or 

personality traits of the individual to understand a group level concept such as 

communication (Raider & Krackhardt, 2001). This approach fails to incorporate how 

interactions between individual providers and environmental constraints influence 
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individual behavior that emerges as a group level phenomenon. In contrast, the social 

network perspective acknowledges the influence of the interdependent relationship 

between individuals on both individual behavior and group characteristics such as 

communication. 

Studying the relationships or interactions among healthcare providers can be 

facilitated by examining social networks. Networks are typically defined by a specific 

relationship (i.e. work or family) or event (i.e. work project or shared task). Networks can 

be comprised of different types of nodes, typically referred to as agents or actors. 

Depending on the objectives of the analysis and the study design, the nodes may 

represent people, groups, or departments. These factors also influence what 

characteristics of the links (relationships such as communication, transfer of resources, 

and/or affiliation) between the nodes are to be examined. 

When studying social networks, it is important to address multiple levels 

(individual, group) by examining, not only the structure and characteristics of the 

network (e.g., the patterns and characteristics of the connections between individuals and 

groups as well as contextual influences), but also the cognitive processes underpinning an 

agent’s actions. This results in a more holistic picture of not only the “what” but also the 

“why” of particular group or individual actions (Anderson, Crabtree et al., 2005; 

Freeman, 2004; Knoke & Kuklinski, 1982; Raider & Krackhardt, 2001). 

Network Analysis (NA) provides the means to study these complex networks. NA 

examines the relationships between groups or organizations, including uncovering and 

examining patterns of behavior, the situations under which these behavior patterns arise, 
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and the consequences of specific patterns on group behavior. Social Network Analysis 

(SNA) follows the same premise, but concentrates on understanding the relationship 

between the individual agents. The focus is on evaluating the human relations that are 

characterized by the location of actors in the network and the influences a particular 

group member has on other members of the group. The patterns or regularities measured 

within the network structure are referred to as structural variables (Wasserman & Faust, 

1994). 

The two most common designs for social network studies are whole network and 

egocentric. Whole network designs look at specific sets of interrelated and bounded 

social actors. Studies that use an egocentric design focus on a single entity and for 

communication networks the relationships surrounding this individual actor. Egocentric 

network data can be collected separately or sampled from the data collected for a whole 

network study. 

To conduct a whole network study, the researcher begins by identifying the 

population that defines the network of interest (i.e., network boundaries) (Wasserman & 

Faust, 1994). There are three common network boundary specification approaches: 

positional, relational, and event based (Laumann, Marsden, & Prensky, 1989). The 

positional approach defines network boundaries based on formal membership criteria, 

such as employment in an organization. The relational approach uses a snowball 

sampling approach where a core group is identified and these members then identify 

additional members, etc. The event based approach defines network boundaries 

(members) based on participation in a particular event, such as including as part of the 
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network everyone who is involved with a particular task. Using one or more of these 

methods to define the population of interest is an important first step in designing a SNA 

research study. 

When using SNA to examine communication networks, the individual actor is the 

unit of observation and provides information about ties with other actors in the network. 

Thus, the most basic level for analysis of a network structure is a dyad, i.e., a tie between 

two actors. The next level is the triad, which includes three actors and the links between 

the pairs. Isolates are nodes without any incoming or outgoing relations. Identifying 

subgroups comprised of various combinations of the lower level structures and their ties 

is a part of many SNA studies. All actors that comprise the network of interest are 

referred to as an actor set; a study using one actor set is referred to as unimodal 

(Wasserman & Faust, 1994). Examination of subset characteristics includes examining 

characteristics of the individual nodes comprising the subgroup, such as membership in a 

particular professional group. 

An important difference between SNA data and the data necessary for standard 

analysis methods is that network data must include measurements of relationships 

between social entities (Wasserman & Faust, 1994). In other words, SNA methods 

examine the relationship or ties between agents as the unit of analysis, not the agents 

themselves. These relational data are used to examine the ties at a particular point in time 

linking agents. Relations represent substantive connections within the network and may 

correspond with many different roles, transactions or attitudes between the agents (Knoke 

& Kuklinski, 1982; Wasserman & Faust, 1994). For example, agent attitudes may include 
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friendship, kinship networks may examine marriage, and an interest in the transactions 

between agents would include examination of the transfer of non-material resources such 

as information or material resources such as buying or selling specific items. 

Communication between providers during a patient handoff is a type of non-material 

resource transfer. 

Relational data are used to create network structures that characterize the set of 

relations (ties) between the agents. These structures, called sociograms, are constructed to 

provide snapshot visual images of the network structure; and SNA metrics are used to 

analyze the properties of the social patterns (Freeman, 2004). Although Moreno first used 

sociograms and data matrices in the 1930’s to examine the social ties in immigrant 

communities (Moreno, 1978), the field of sociometrics did not advance very quickly until 

microcomputers allowed researchers to develop programs that could analyze the complex 

data. 

The characteristics of the relations between pairs of actors are called structural 

variables (Wasserman & Faust, 1994). These properties are represented in a sociogram 

by the characteristics of the lines that connect individual nodes (Scott, 2005). Depending 

on the research study design, lines may be undirected, directed, valued, or both directed 

and valued. Undirected lines are dichotomous and simply represent the absence or 

presence of a relation. Directed lines may be bi- or unidirectional, indicating either 

reciprocal or one-way communication, respectively. By adding a visual clue, such as an 

arrow head to each line (indicating uni or bi directional information flow), the researcher 

is able to illustrate reciprocity between agents or label the direction of the flow of 
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information (Scott, 2005). A valued graph has numerical values attached to each line. 

These values may represent the frequency, strength or intensity of a tie between nodes 

(Wasserman & Faust, 1994). 

Although relations are the primary data and the building blocks of SNA that 

“capture the emergent properties of social systems” (Knoke & Kuklinski, 1982, p. 11), 

attribute data that represent the characteristics of the agents (i.e. membership in a 

professional group) or the ties (method of communication) are an important consideration 

for further analysis of similarities and differences in network structure and patterns 

(Wasserman & Faust, 1994). Because attribute measures represent the composition of the 

social network, they are called composition variables (Wasserman & Faust, 1994). These 

variables are used by the researcher to understand the structure identified during 

relational analysis. 

There are a variety of ways to collect social network data, including observation, 

questionnaires and/or archival data (Knoke & Kuklinski, 1982; Scott, 2005). The most 

common method is questionnaires. Krackhardt (2007) noted that because each research 

study is unique, survey questions should gather the relational and attribute data necessary 

to examine the unique culture under study and reflect the theoretical framework of the 

research study. 

SNA surveys often use the individual names of all the agents within the network 

boundary; this is practical only when the members of the group do not change. This is not 

realistic in the hospital setting where patients are cared for around the clock by a variety 

of providers that work only a portion of the time. In addition, in this environment, 
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healthcare providers often do not look for a specific individual for patient information; 

instead they will look for the individual filling a particular functional role that they 

anticipate will have the needed information. (Knoke & Kuklinski, 1982) observed that, in 

a hospital, “conventional labels, such as doctor, patient, or nurse persist despite frequent 

changes in the unique individuals occupying these positions” (p. 21). Consequently, 

analysis based on the functional roles of the healthcare providers (doctor, nurse, etc.) 

provides the opportunity to examine this complex network on both the individual and 

group level. 

Analysis of social network data is supported by software programs that provide 

quantitative measures and visual maps of the social networks (Huisman & van Duijn, 

2005). Numerous metrics based on network, management, social psychology, and 

operations theory and research are incorporated into the software programs. Relational 

data are typically recorded and stored as an adjacency matrix made up of corresponding 

rows and columns (Doreian, Batagelj, & Ferligoj, 2005; Knoke & Kuklinski, 1982; Scott, 

2005). An example of a simple agent-to-agent matrix is provided in Figure 2. This 

hypothetical example represents a possible communication network between physicians 

and nurses during a handoff between an emergency department (ED) and an intensive 

care unit (ICU). The “1” indicates communication and the “0” indicates no 

communication between the individuals. 



 
 
 

42

 

 ED-RN ED-MD ICU-RN ICU-MD 
ED-RN - 1 1 0 
ED-MD 1 - 0 1 
ICU-RN 0 0 - 0 
ICU-MD 1 1 1 - 

FIGURE 2. Agent to Agent Adjacency Matrix 

 
Graph theory provides the mathematical framework and the basis for NA metrics 

that translate this matrix data into a format that allows examination of network qualities 

(Scott, 2005). Analysis includes both node and network level output. The node level 

provides information about the individual agents; and the graph level provides 

information about the properties of the network as a whole (Carley & Reminga, 2004). 

This process includes translating sets of elements (points or nodes) and their connecting 

relational lines into a network graph, presented visually as a sociogram.  

Research has shown that the spatial distance between nodes and the length of the 

lines in the output graph influence the researcher’s interpretation of network 

characteristics (McGrath, Blythe, & Krackhardt, 1996). The researcher’s qualitative 

(visual) interpretation of the sociograms is an important part of network analysis; 

consequently, visualization in most software programs incorporates output correlation 

metrics that calculate the correct spatial distance and line length for proportional 

illustration of the network. This enhances the ability of the researcher to examine agents 

(individual nodes) and subgroups within the contextual framework of the whole network 

(sociogram). Figure 3 provides an example of network level output (sociogram) based on 
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the matrix data in Figure 2. This example illustrates only direction (reciprocity) and/or 

the presence or absence of ties. 

Analyzing these examples requires both visual examination of the output graphs 

and interpretation of the statistical output. For example, visually examining the 

sociogram in Figure 3 reveals an excellent example of the betweenness centrality metric. 

Remember that the example illustrates communication between providers involved in the 

handoff of a patient from the ED to the ICU. Actor betweenness centrality provides the 

statistical information necessary to identify the individual nodes, such as the ICU-RN, 

who are in an intermediary position. This gatekeeper position is important to examine in 

a communication network because these individuals have power or control over 

information exchange (Krackhardt, 1990). For this example, examination of the 

contextual properties of the environment is necessary to understand the implications of 

this communication pattern on collaborative patient care. 

 

 

FIGURE 3. Sociogram (Graph Level Output) from Figure 2 Data 
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Design 

This exploratory, descriptive research study used SNA methods to examine a 

network comprised of multiprofessional healthcare providers involved with a patient 

handoff. This study incorporated a “whole network” design with network boundaries 

defined through both relational (snowball sampling) and event-based (handoff) 

approaches. Individual perspectives of healthcare providers and provider groups 

(egocentric networks) were examined through sampling of the whole network data. 

Setting 

This research was conducted in a 355 bed urban, university-based, hospital 

located in the south west region of the United States. The hospital had 17 patient care 

units, an emergency department (ED) and three peri-operative units. The setting for this 

research study was the ED and three patient care units. The ED was a 40 bed unit that 

cared for approximately 178 patients per day. When combined with the 10 bed urgent 

care center, the emergency department provided patient care for approximately 65,000 

visits per year. Three patient care units agreed to participate: 

30 bed telemetry unit specializing in cardiac intermediate care (Unit #1)  

28 bed medical/telemetry unit (Unit #2)  

26 bed surgical unit (Unit #3). 

Sample 

The data needed to describe the communication networks were collected from a 

convenience sample of 25 physicians, nurses, respiratory therapists, social workers, and 

pharmacists responsible for the care of patients during 5 patient handoffs from the ED to 
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one of three participating units.  To be included in the study, participants must have had 

responsibility for the care of a patient during a designated handoff and be a healthcare 

professional (physician, nurse, respiratory therapist, social worker or pharmacist).  

Instrumentation 

An investigator-designed questionnaire (Appendix A) adapted from Krackhardt 

(2007) was used to collect relational and attribute data from participants. Part I was 

designed to collect participant demographic information. Part II contained six sections 

with questions designed to collect both relational data (communication between 

providers) and characteristics of these ties (method of communication).  These questions 

focused on identifying from whom (based on functional role) and how (communication 

method) healthcare providers typically share the patient clinical information necessary to 

provide care for a patient being transferred from one unit to another within the same 

hospital. Participants were also asked to identify which providers (i.e., functional role) 

they would like to communicate with more and who they perceive should communicate 

with them more to provide optimal patient care.  

Part III contained three questions. The first question was divided into two parts: 

Part 1 requested that participants identify their preferred method of communication 

during a handoff and Part 1a asked why they preferred this method. The second question 

asked participants to rate their satisfaction (on a 5-point Likert-type scale) with the 

clinical information they are able to obtain for planning and providing care for a patient 

during a handoff between units. Question 3 allowed participants to suggest ways they 

thought communication could be improved during a patient handoff.  
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Procedures 

In addition to University of Arizona IRB approval, permission for research access 

was obtained from the hospital and the nurse managers of the ED and the three 

participating units. The PI communicated with representatives from nursing, medicine, 

social work, respiratory therapy and pharmacy to explain the intent and procedures for 

the study and to provide an opportunity for questions and answers. This was 

accomplished through meetings with representatives from the professional groups, 

individual and conference calls, informational flyers and/or direct response to individual 

inquiries. 

To gather data related to the patient handoff process, I observed handoffs on each 

participating unit and reviewed unit policies and procedures for patient handoffs. For non 

unit-based professionals (i.e. physicians, social workers, respiratory therapy, and 

pharmacists), I observed members of these professions in the designated units and 

reviewed hospital and/or professional policies and procedures for patient handoff.  

Data collection began on a scheduled date and continued until data were collected 

on five patient handoffs. Throughout the data collection period, I was available on the 

premises during frequent and variable scheduled times to answer questions and recruit 

participants. Healthcare providers, including administrative staff, in the ED were asked to 

notify me when a patient was to be admitted to a participating patient care unit from the 

ED. This process was expedited by the patient tracking “white board” in the ED nursing 

station. When orders to admit the patient to a specific unit were received by the ED 

Charge Nurse a magnetic unit identification plaque was placed upside down next to the 
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patient’s name. When a room in the admitting unit was available and assigned to the 

patient, the plaque was placed right side up. This allowed me to easily identify the status 

of patient transfers from the ED to the participating units. 

Verbal permission was obtained from the patient and healthcare providers 

involved in the transfer. I approached the nurse caring for the patient and requested 

permission to observe the transfer. If agreeable, the nurse was asked to introduce me to 

the patient. A brief overview of the reason for observing was provided and verbal 

permission requested from the patient. Once permission was obtained, I observed the 

transfer of the patient until the patient was admitted to a room in a designated unit. 

During the observation, I noted which providers were involved in the transfer. These 

providers were then approached and asked to complete a survey. If they agreed, they 

were asked who they have communicated (or will communicate) with during the handoff; 

the identified providers were also recruited into the study. Patient information was not 

used to identify the handoff; instead the word “handoff” and a numeral were assigned to 

each handoff process (e.g., Handoff 1, Handoff 2, etc.). 

Research packets included a consent disclaimer document, information about the 

study, and the data collection instrument. The handoff code was marked on the surveys 

before distribution. This allowed me to match the participants with the correct handoff. 

Participants were asked to place the completed surveys back in the envelope and place 

them in the data collection boxes placed on each unit or give them to me by a designated 

date. Everyone who participated was eligible to enter a drawing to receive a gift card. An 

unmarked ballot was placed in each packet, and participants were instructed to place the 
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completed ballot in a separate and dedicated collection box for the drawing if they wished 

to participate. This method ensured that participant survey information and gift card 

ballots remained separate. After the drawing all of the ballots were destroyed.   

Data Management 

Plan for Human Subjects Protection 

Human subjects’ protection review and approval was obtained from the 

University of Arizona Institutional Review Board (Appendix B). All participants were 

provided with a study disclaimer form (Appendix C) that incorporated all the basic 

elements of informed consent per regulatory guidelines (DHHS, 1998). Participants’ 

names were not collected. All data were anonymously coded at the organization, unit, and 

individual level for presentations or publications results. No patient information was 

recorded; all handoffs were identified by an anonymous code for reporting and analysis. 

Data Analysis 

Software Programs 

Organizational Risk Analyzer (ORA), a network analysis software program 

developed by the Center for Computational Analysis of Social and Organizational 

Systems (CASOS) at Carnegie Mellon University, was used for recording, storing and 

analyzing relational and attribute data (Carley & DeReno, 2006; Carley & Reminga, 

2004). Numerous metrics, based on network, management, social psychology, and 

operations theory and research, are integrated into this software package. Demographic 

data were analyzed using the Statistical Program for the Social Sciences (SPSS v13). 

Descriptive and inferential statistics were used to analyze unit, group and individual 
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characteristics. Thematic content analysis was used to examine the responses to the open-

ended questions (Kaplan & Maxwell, 2005). 

Research Questions 

What communication patterns are exhibited by healthcare providers from 

multiple professions during patient handoff between units? 

Are healthcare providers satisfied with the effectiveness of current 

communication methods? 

Research Question Analysis 

This section provides an overview of the analytic methods used to answer the 

research questions. A whole network design was used to examine with whom and how 

healthcare providers share patient information during a patient handoff between units. 

This design supports the research focus on learning more about the ability of the agents 

(healthcare providers) to share the information necessary to complete a task (such as a 

patient handoff) and the characteristics of the communication network and/or 

environment that support or constrain completion of the task (Carley & Reminga, 2004). 

Table 1 provides an overview of the variables that were used to answer the research 

questions. Included are the type of data, description of the variable and level of analysis, 

research questions answered, and the survey questions used to collect the data necessary 

for the identified variables.  
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TABLE 1. Research Study Variables 

Variable Type of 
Data 

Description 
(Carley, Columbus, DeReno, Reminga, & 
Moon, 2007; Krackhardt, 1993) 

Level of 
Analysis 

Research 
Question 

Survey 
Question 

Demographic 
variables 

Descriptive Characteristics of the individual 
participants.  

Agent  Charac-
teristics 
of nodes  

Part I 

Method of 
Communication 

Attribute This variable provided 
information on characteristics of 
ties.  

Network Charac-
teristics 
of 
relations  

Part II:  
Sections 
B, C, D 

Centrality, 
Betweenness 

Relational Provided information on how 
powerful or influential a single 
individual provider is, identified 
potential intermediary or 
gatekeeper roles that influence 
the flow of information.  

Agent Q1 Part II:  
Sections 
A-D 

Centrality, 
Closeness 

Relational The average closeness of a node 
to other nodes in a network. This 
measure indicates how direct or 
indirect ties are between providers 
in the network. Those with the 
shortest paths to other providers 
have better access to information. 
This measure is influenced by the 
presence of unconnected nodes 
(isolates). 

Agent Q1 Part II:  
Sections 
A-D 

Centrality, 
Indegree, 
Outdegree and 
Total Degree 

Relational Indegree represents the number 
of relational lines from other 
providers directed toward a 
specific provider and outdegree 
indicates the number of relational 
lines originating from a provider 
and directed toward other 
providers. Total degree is a 
normalized measure of in plus 
out degree. Will provide 
information on the prominence of 
specific healthcare providers in 
the communication network. 

Agent Q1 Part II:  
Sections 
A-D 

Centrality,  
Eigenvector 

Relational Measures the centrality of a node 
in proportion to the centrality of 
the nodes to which it has 
connections. Answers the 
question: How well connected is a 
particular provider (agent)? 

Agent Q1 Part II:  
Sections 
A-D 
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Network 
Centralization, 
Betweenness 

Relational This metric examines the overall 
network structure based on the 
betweenness score for each node 
in the network. It helps identify if 
there is an equal division of labor 
or how dependent the viability of 
the network is on specific 
providers.   

Network Q1 Part II:  
Sections 
A-D 

Density Relational Proportion of all possible ties in a 
graph and those that are actually 
present. Interpretation of this 
measure is dependent upon 
knowledge of the purpose of the 
network and nature of the task. It 
may or may not be advantageous 
to have network members more or 
less connected.   

Network Q1 Part II:  
Sections 
A-D 

Hierarchy Relational The degree to which the graph 
exhibits a hierarchical structure. 
This type of structure does not 
necessarily reflect the formal 
organizational structure or 
stereotypical structure of 
subordinates reporting to a 
superior. For this study 
hierarchical structure indicates 
that a tier of one or more 
providers has more control over 
communication than others, this 
may indicate rank or authority.  

Network Q1 Part II:  
Sections 
A-D 

Upper 
Boundedness 

Relational The degree to which pairs of 
agents have a common ancestor. 
For this study this measure 
identifies which pairs of 
providers communicate with a 
common provider.  

Network Q1 Part II: 
Sections 
A-D 

Average 
Distance 

Relational The average shortest path 
between nodes. Indicates how far 
agents must travel to 
communicate with each other.  

Network Q1 Part II:  
Sections 
A-D 

Boundary 
Spanner  

Relational Identifies agents and/or ties 
(lines) that are crucial to the 
connectivity of the network.  

Agent 
and 
Network 

Q1 Part II:  
Sections 
A-D 

Additional 
communication/ 
with 

Relational Survey question to identify 
which healthcare providers the 
participants would like to interact 
with more. 

Agent 
and 
Network 

Q2 Part II: 
Sections 
E-F  

Additional 
communication/ 
from 

Relational Survey question to identify which 
healthcare providers the 
participants think should interact 
more with them.  

Agent 
and 
Network 

Q2 Part II: 
Sections 
E-F 
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Research Question One 

What communication patterns are exhibited by healthcare providers from 

multiple professions during a patient handoff between units? 

The analysis used to answer this research question incorporated both agent and 

network level data. Individual provider demographic characteristics were used to describe 

individual nodes. Methods of information sharing were used to describe the 

communication links between providers. Four network characteristics: centrality, network 

centralization, density, and hierarchy were used to describe the overall communication 

patterns exhibited during the five patient handoffs.  

Network centralization and centrality are related, but different, measures. 

Centrality focuses on node level data, and centralization metrics are used to examine 

network level data. Centrality measures are used to examine the prominence or 

importance of specific nodes (healthcare providers) within the network. For example, 

betweenness is a centrality measure that examines which healthcare providers (by 

functional role) play an intermediary or gatekeeper role (Scott, 2005). This measure is of 

Preferred 
method of 
communica-
tion 
(PMOC) 

Attribute Participants were asked the 
method they preferred when 
communicating during a patient 
handoff. 

Agent 
and 
Network 

Q2 Part III: 
Question 
1. 

PMOC Why? Qualitative This open ended question was 
analyzed using coding and content 
analysis.  

Agent 
and 
Network 

Q2 Part III: 
Question 
1a. 

Satisfaction Scale Likert-type satisfaction scale Agent 
and 
Network 

Q2 Part III: 
Question 
2. 

Recommend-
ations 

Qualitative Open ended question asking how 
communication between providers 
can be improved.  

Agent 
and 
Network 

Q2 Part III: 
Question 
3. 
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particular interest in determining the influence of a particular healthcare provider and/or 

members of a specific professional group on communication patterns between healthcare 

providers.  

Centrality measures also provide information on how well connected an 

individual agent is within the communication network. For example, closeness is a 

centrality measure that examines the distance from one node (provider) to another, based 

on the number of steps (paths) through other providers that are necessary for one provider 

to communicate with another. Indegree and outdegree are agent level centrality measures 

that were used for determining the prominence of specific healthcare providers in the 

communication networks. Indegree represents the number of relational lines from other 

providers directed toward a specific provider and outdegree indicates the number of 

relational lines originating from a provider and directed toward other providers (Scott, 

2005). Centrality metrics are normalized measures ranging from 0 to 1, with 0 indicating 

no centrality and 1 indicating maximum centrality. Agent level metrics, such as 

centrality, enhance the ability to examine specific individual healthcare providers and 

their role in the communication of patient information during a handoff. 

Network level centralization metrics were used to measure the level of cohesion 

between providers within the network (Knoke & Kuklinski, 1982; Scott, 2005). 

Determining the structure of the network is dependent on measurements of cohesion 

among members (Moreno, 1978), including the examination of both present and absent 

ties (“holes” in the network) (Burt, 2001, 2004; Knoke & Kuklinski, 1982). Density, 

another network level measure, describes the level of linkage between healthcare 
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providers and reflects the completeness of the network (Carley & Reminga, 2004; Scott, 

2005). For this study the patient was the main focal agent, but was not visually depicted 

in the graph output. In other words, a patient was assumed to be the center of the handoff. 

Accurate measurement of the density, often referred to as the inclusiveness, is determined 

after disregarding the main focal agent and focusing on the ties between the healthcare 

providers (Scott, 2005). 

Examining hierarchical structure is an important part of examining 

communication networks. This measure does not necessarily reflect the formal 

organizational structure or stereotypical structure of subordinates reporting to a superior. 

Instead, in a communication network this measure helps identify if a tier of one or more 

providers has more control over communication than others, this may indicate rank or 

authority (Krackhardt, 1993). This measure is of particular importance if network 

betweenness centralization is low, indicating that there is not a central agent controlling 

information flow in the communication network.  

Research Question Two 

Are healthcare providers satisfied with the effectiveness of current 

communication methods? 

The answer to this research question was explored through three limited response 

survey questions (Part II: Sections E-F, Part III: Question 1), a single Likert-type scale 

question (Part III: Question 2), and two open-ended survey questions (Part III: Questions 

1a & 3). Descriptive statistics, including mean, mode, and range were computed for the 

scale question. In addition, providers were asked if increased communication with 



 
 
 

55

another provider or providers or vice versa would improve patient care. These limited 

response survey questions were analyzed using descriptive statistics. 

The open ended questions were analyzed using thematic content analysis. This 

qualitative, inductive process is a method to analyzing text data and includes examination 

of the responses for recurrent themes and meanings (Hsieh & Shannon, 2005). This was 

done through coding of the responses based on single words and sentences. These units 

were then categorized by emergent patterns and themes (Neuendorf, 2002). 

Summary 

This descriptive, exploratory research study was designed to examine the 

characteristics of the communication networks used by healthcare providers from 

multiple professions during a patient handoff. An investigator designed instrument was 

used to collect data from healthcare providers responsible for the care of a patient during 

a handoff between the ED and another patient care unit. Participants were identified by 

functional role; and the network boundary for this study was defined by participation in a 

specific activity (patient handoff between units) and through snowball sampling of 

providers identified during observation of the handoff. Relational and attribute data were 

analyzed using SNA methodologies, demographic data were examined using descriptive 

and inferential statistics, and thematic content analysis was used to examine the results of 

open ended questions.  
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CHAPTER 4: RESEARCH FINDINGS 

Introduction 

The goal of this research was to examine multi-professional communication 

patterns during five patient handoffs between the ED and participating inpatient nursing 

units. The first section of this chapter provides an overview of the patient handoff 

documentation process, followed by summaries of the unit and participant characteristics. 

The next section provides the results of the SNA used for answering research question 

one. Table 1 (Chapter 3: Methods) provides an overview of the research study variables 

and descriptions of the network analysis metrics used in this analysis. Appendix D 

provides a glossary of SNA terms. The final section focuses on answering research 

question two using inferential statistics and thematic content analysis. Table 2 lists the 

functional role abbreviations used in the graph level (sociogram) output for each handoff.   

Functional Role Abbreviation 
Attending MD: Admitting Unit (AU) AtMD:AU 
Attending MD: Emergency Department (ED) AtMD:ED 
Case Manager CM 
Charge Nurse: AU CN:AU 
Charge Nurse: ED CN:ED 
Intern MD: AU IntMD:AU 
Intern MD: ED IntMD:ED 
Primary Nurse: AU PN:AU 
Primary Nurse: ED PN:ED  
Pharmacist: Hospital PhHosp 
Pharmacist: Unit PhUnit 
Respiratory Therapist: AU RT: AU 
Respiratory Therapist: ED RT: ED 
Resident MD: AU ResMD:AU 
Resident MD: ED ResMD:ED 
Social Worker: AU SW:AU 
Social Worker: ED SW:ED 
Specialist MD SpecMD 

 

TABLE 2. Functional Role Abbreviations 
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Patient Handoff Documentation Process 

An emergency department and three inpatient nursing units agreed to participate 

in this research study. All five handoffs originated in the ED and included the physical 

transfer of a patient to one of the three participating inpatient units. The ED uses a paper 

patient record. Patient information sheets are kept on a clipboard and shared with all the 

healthcare providers in the department. When the decision is made to transfer the patient 

to an inpatient unit, the paper record is scanned into an image-based electronic record. 

These images are then available for review by the inpatient care providers when the 

patient arrives on the admitting unit. Nurses in the ED and admitting units use the 

accreditation agency-recommended SBAR format for patient handoffs between units. 

This paper handoff form incorporates the situation, background, assessment and 

recommendation (SBAR) information categories and is completed by the nurse in the 

inpatient unit based on information provided by the ED nurse during the verbal report. 

No record accompanies the patient during the physical transfer process. 

The inpatient units use a commercially available EHR comprised of multiple 

modules, including computerized provider order entry (CPOE), social work, and nursing 

documentation. The admitting physician enters the patient admission and medication 

orders into the CPOE system. Medication orders are reviewed by the inpatient unit nurses 

and transcribed onto a paper medication administration record (MAR). Before 4pm there 

are unit-based pharmacists assigned to each of the participating inpatient units. After 4pm 

the inpatient pharmacy provides coverage for the entire hospital. Figure 4 illustrates the 

patient record documentation process.  
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FIGURE 4. Patient Information Documentation Process 
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Healthcare providers on the admission side of the handoff have multiple ways to 

obtain patient information for providing and planning care. Patient information is 

available in two paper formats (chart and MAR) and two electronic options (scanned 

chart from ED and the EHR with multiple order and record keeping options). In addition, 

the admitting unit primary or charge nurse has a paper transfer document; and all 

providers have the options of verbal communication, either in person or via telephone.  

Descriptive Statistics 

Participants 

A total of 25 healthcare providers completed surveys. Participants ranged in age 

from 25 to 57 (μ = 35). Professional experience ranged from 1 to 18 years (μ = 7.3 

years); and the amount of time working in their current position in this hospital ranged 

from 1 month to 15 years (μ = 4.5 years). In addition, 36% of the participants cared for 

patients in more than one unit in this hospital. Table 3 provides a breakdown of 

participants by profession and gender.  

Gender Total 
  Male Female   
Profession Physician 5 6 11 

Nurse 1 8 9 
Social Worker 1 0 1 
Pharmacist 2 2 4 

  
  
  

Respiratory 
Therapist 0 0 0 

Total 9 16 25 
 

TABLE 3. Profession and Gender 
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Functional Roles 

Although many SNA studies include individual names of the agents within the 

network, this is not practical in the hospital setting. Hospitalized patients are cared for 

around the clock by many different providers. During this time, the functional roles 

persist despite frequent changes in the individuals occupying the role. For this study, 

participants were identified by their functional role in the handoff process and were asked 

which providers (functional roles) they communicated with during a specific patient 

transfer. 

A priori identification of the set of actors by functional role was done during 

observations in the ED and inpatient units before initiating data collection. This fixed list 

method of network sampling was expanded with an “other” selection available to the 

participants. None of the participants identified another professional role; but patients, 

family, and support staff (unit assistants and patient care technicians) were included by 

some of the providers. However, only physicians, nurses, social workers, respiratory 

therapists, and pharmacists were included in this study. 

Eighteen functional roles of providers potentially involved in a patient handoff 

between units were identified during observation in the ED and inpatient units prior to 

initiating data collection (Table 4). These functional roles were included as potential 

contacts in the survey list of providers. In some cases, the individual in that functional 

role was included by participants completing surveys but was either not identified during 

my observation of the handoff (so they did not receive a survey to complete), declined to 
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participate or did not return the survey. This resulted in more functional roles being 

represented in each handoff than identified participants. 

If a specific patient handoff between units also included an intra-professional 

handoff, the additional functional roles were added to the analysis (i.e.: ED Primary 

Nurse 2, ED Resident 2, etc.) for that particular handoff only. This resulted in some 

handoffs having more agents than others. In addition, providers identified during 

observation and included in the a priori fixed list of providers, but not mentioned by any 

of the participants, are represented in the graph (sociogram) level output as isolates. An 

isolate is a node with no incoming or outgoing ties. 

Missing Data Management 

Numerous social network scientists have examined the implications of imperfect 

data on SNA measures. Recent work by Borgatti, Carley, and Krackhardt (2006) suggest 

that the level of acceptable error is based on the consequences of the error. For example, 

incorrect centrality measures while examining a disease outbreak may result in 

overlooking an individual important in the spread of the disease. On the other hand their 

TABLE 4. Fixed List Functional Roles 
Primary 
Nurse 

Charge 
Nurse 

Social 
Worker 

Respiratory 
Therapist Emergency 

Department 
Physicians: Intern, Resident, Admitting 
Primary 
Nurse 

Charge 
Nurse 

Social 
Worker 

Respiratory 
Therapist Participating 

Admitting 
Units Physicians: Intern, Resident, Admitting 

Unit Pharmacist 

Hospital Based Pharmacist, Case Manager, Physician Specialist 
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work revealed that missing 5% of the ties resulted in a correlation between true and 

observed centrality of .90 (Borgatti et al., 2006), a level of error that is acceptable in most 

social research studies.  

For this study a 2-step sampling method (observation and snowball sampling) was 

used to decrease error related to missing actors and/or ties. Each method built upon the 

previous to widen the “net” and allow the handoff communication network to be 

reconstructed. This redundant method of sampling and the emphasis on a snapshot view 

of the communication process during a specific handoff was designed to decrease the 

likelihood of missing actors and/or ties (Knoke & Kuklinski, 1982; Wasserman & Faust, 

1994). The process was repeated for five handoffs. Nonetheless, the possibility of 

missing or hidden actors and/or ties must be considered when interpreting the results of 

the network analysis (Knoke & Kuklinski, 1982; Wasserman & Faust, 1994). 

Social Network Analysis 

This section begins with presentation of the SNA results obtained to answer 

research question one. An overview of the SNA metrics used for analysis is available in 

Table 1. The SNA metrics used in this study are normalized measures (0-1). Each 

subsection begins with a brief description of the handoff, followed by an overview and 

interpretation of the network and agent level measures, and concluding with an overview 

of the methods of communication used by the provider or providers with the highest 

number of ties originating from or directed to them (Total Degree Centrality). Table 2 

provides the functional role abbreviations used in the graph level (sociogram) output for 
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all five handoffs (Figures 5-12). Interpretation of the SNA results requires examination of 

both network and node level output. 

When interpreting results it is also important to recognize that density is a 

proportional measure of the connections in a network and the maximum possible 

connections. Although the normalized range for this metric is 0-1, some researchers have 

suggested that the maximum density of some graphs is really closer to 0.5 (Scott, 2005). 

This is because in a network with many agents an individual agent has a choice of many 

contacts and is limited by time constraints. This results in the density of a network 

decreasing as the size of the network increases. Consequently, density is useful for 

comparing similar networks with the same number of agents but must be considered a 

subjective measure that is dependent on the type and size of the network under study and 

the desired or optimal level of density for the specific network. Density levels and 

network size for the five handoffs are presented in Table 5.  

Research Question One 

What communication patterns are exhibited by healthcare providers from 

multiple professions during a patient handoff between units? 

Overview 

Network level SNA results for all five handoffs are presented in Table 5. Agent 

level outcomes are presented for each handoff individually (Tables 6, 8, 10, 12, & 14). 

Graph level, sociogram, output results are also presented individually for each handoff 

(Figures 5-11). The final section provides a comparison of the metrics for all five 

handoffs. 
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TABLE 5. Network Level Measures - All Handoffs 

Handoff Centralization 
(Betweenness) 

Density 
(network size) 

Hierarchy Upper 
Boundedness 

Average 
Distance 

Boundary 
Spanner(s) 

Isolate 
Count 

1 0.086 0.130 (18) 0.958 1.0 1.689 CN: AU - 
AtMD:ED 

0 

2 0.106 0.094 (16) 0.8 1.0 1.8 AtMD:ED - 
ResMD:ED 

3 

3 0.094 0.218* (11) 0.85 1.0 1.522 PN:AU 0 (8**) 
4 0.042 0.076 (20) 0.982 1.0 1.464 n/a 1 
5 0.148 0.212* (13) 0.8 1.0 1.45 PN:ED 0 (6**) 

 

Handoff One  

This handoff occurred on a weekday at 2 p.m. The patient was transferred from 

the ED to inpatient Unit #2. Observation and snowball sampling revealed eight healthcare 

providers involved with the handoff. Surveys were distributed to all eight providers and 

five were returned. Tables 5-6 and Figure 5 provide the SNA network and node level 

metrics and graph output. Table 7 summarizes the methods of communication used by the 

admitting unit charge nurse, the provider with the most connections (in and out degree) to 

other providers (total degree centrality). 

A unique characteristic of this handoff is the intra-professional handoff between 

the charge nurse and primary nurse in the admitting unit. The charge nurse was actively 

involved with the transfer by receiving the telephone report from the primary nurse in the 

ED. Subsequently, the primary nurse in the admitting unit received a report on the 

pending admission from the charge nurse in her own unit.  
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Examination of the density measure for this handoff (0.130) reveals that it has 

higher density than the handoffs with a similar network size (Handoffs 2 and 4). 

Interpretation of this number is enhanced by examination of the average distance 

measure, which indicates how easy or difficult it is for providers to reach other providers. 

In this case, the average distance measure between the providers was less than 2 (1.689). 

This means that, on average, the providers have a short distance, less than two “steps,” to 

reach other providers. 

Closeness centrality is a normalized (0-1) agent level measure that indicates 

which providers have the shortest path to other providers. Four providers had above 

average (0.144) closeness centrality scores (Table 6): Admitting Unit Charge Nurse 

(0.472), Admitting Unit Primary Nurse (0.347), Unit Pharmacist (0.654), and Admitting 

Unit Resident (0.288). This indicates that they have the shortest paths and interpreted as 

the providers with the best access to information. Although research is needed to identify 

optimal density measures for a handoff communication network, average distance and 

closeness centrality scores suggest that this graph has adequate density for information 

sharing. 

Betweenness centrality is an agent-level measure that indicates the ability of a 

single provider (agent) to influence or control information exchange. The range of 

measures is 0-1, with 0 being the least influential and 1 the most influential agent. The 

results indicate no single agent controlling information flow in this network (Table 6). 

The network-level betweenness centralization measure (Table 5) is calculated from the 

scores of the individual agents and examines how dominant a single node is in the 
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network (Scott, 2005). For this network, the low network-level betweenness 

centralization score of 0.086 correlated with the agent-level betweenness centrality 

measures, suggesting that communication flow and the viability of this network were not 

dependent on a single provider.  

Total degree centrality is a normalized (0-1) agent-level measure of prominence 

based on the number of relational ties directed toward and originating from a provider. 

This measure reveals the actors that are the most visible and are a “major channel of 

TABLE 6. Agent Level Measures – Handoff One 
Abbreviations: 
AU - Admitting Unit 
ED - Emergency Dept.  

Centrality, 
Betweenness 

Centrality, 
Closeness 

Centrality, 
Eigenvector 

Centrality, Total 
Degree 

Attending MD: AU 0 0.056 0.041 0.176 

Attending MD: ED 0.037 0.111 0.056 0.441 

Case Manager 0 0.056 0.011 0.059 

Charge Nurse: AU 0.092 0.472 0.128 0.941 

Charge Nurse: ED 0 0.056 0.003 0.029 

Intern MD: AU 0 0.056 0.119 0.441 

Intern MD: ED 0 0.056 0.038 0.147 

Primary Nurse: AU 0.055 0.347 0.097 0.471 

Primary Nurse: ED 0 0.056 0.061 0.235 

Pharmacist: Hospital 0 0.056 0.026 0.088 

Pharmacist: Unit 0 0.654 0.143 0.882 

Respiratory Therapist: AU 0 0.056 0.008 0.029 

Respiratory Therapist: ED 0 0.056 0.011 0.059 

Resident MD: AU 0.004 0.288 0.126 0.588 

Resident MD: ED 0 0.056 0.062 0.235 

Social Worker: AU 0 0.056 0.024 0.088 

Social Worker: ED 0 0.056 0.011 0.059 

Specialist MD 0 0.056 0.034 0.147 

MIN 0 0.056 0.003 0.029 

MAX 0.092 0.654 0.143 0.941 

AVG 0.010 0.144 0.056 0.284 
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relational information … a crucial cog in the network, occupying a central location” 

(Wasserman & Faust, 1994, p. 179). Figure 5 presents the network graph with the size of 

the individual nodes shown proportional to their total degree centrality. Examination of 

Figure 5 reveals five prominent providers: ED attending MD (0.441), admitting unit 

primary nurse (0.471), admitting unit resident (0.588), admitting unit charge nurse 

(0.941), and the admitting unit pharmacist (0.882).  

Upper boundedness, an important consideration when examining hierarchical 

networks, is a normalized (0-1) measure that examines which pairs of providers 

communicate with a common provider. This network exhibited a strong hierarchical 

structure (0.958) and upper boundedness (1.0), which indicated a tiered structure. The top 

tier consisted of two dominant agents (admitting unit charge nurse and the unit 

pharmacist) and the second tier consisted of three agents (ED attending, admitting unit 

primary nurse, and admitting unit resident). These results provide evidence of 

unidirectional information flow with providers in the upper tiers filtering the information 

to providers in the lower tiers.  

Eigenvector centrality is a normalized agent-level measure indicating, not only 

the number of connections, but also the quality of connections for an individual agent. 

This indicates how “well connected” a provider is to other prestigious providers. In 

addition to being a member of the top hierarchical tier, the unit pharmacist displayed both 

the highest closeness (0.654) and eigenvector centralities (0.143). This indicates that the 

pharmacist involved with this handoff has the ability to easily reach other providers and 

that he or she is connected to other influential agents. 
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Another important feature of this network was the boundary spanner tie between 

the admitting unit charge nurse and the ED attending physician. The elimination of a 

boundary spanner tie (relation) and/or either node would result in significant changes in 

the structure of the network. This finding indicates that the relation (communication) 

between these two providers is a crucial network bridge and that both members of the 

dyad are informational gatekeepers. Because the boundary spanners are from different 

units, the elimination of this tie would substantially influence handoff communication 

between the ED and the admitting unit.  

 

 
Of the four prominent nodes illustrated in the graph level output (Figure 5), the 

admitting unit charge nurse had the highest total degree centrality score (0.941). Degree 

centrality (in, out, and total) reflects the number of connections coming into or out of a 

single node and is a localized (node level) measure of a providers direct ties. Not to be 

FIGURE 5. Graph Level Output – Handoff One 
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overlooked are the numerous methods used by this provider to communicate with and 

gather information from other providers (Table 7). This complicated process was 

characterized by the multiple documentation formats (paper and electronic records) and 

concurrent phone and in person verbal conversations during the handoff process.   

Handoff Two 

This handoff occurred on a weekday at 4pm. The patient was transferred from the 

ED to inpatient Unit #2. Observation and snowball sampling revealed seven healthcare 

providers involved with the handoff. Surveys were distributed to all seven providers and 

six were returned. Tables 5 and 8 and Figure 6 provide the SNA node and network level 

TABLE 7. Methods of Communication – Handoff One – Admitting Unit Charge 
Nurse 

Abbreviations   
ED: Emergency Department  
AU: Admitting Unit 

In Person Phone Paper Chart EHR 

Primary Nurse: ED  x x x 
Charge Nurse: ED     
Primary Nurse: AU  x x x 
Attending Physician: ED   x x 
Resident: ED    x 
Intern: ED    x 
Attending Physician: AU   x x 
Resident: AU x x x x 
Intern: AU x x x x 
Specialist MD     
Respiratory Therapist: ED    x 
Respiratory Therapist: AU x x  x 
Social Worker: ED    x 
Social Worker: AU x x  x 
Case Manager    x 
Pharmacist: Hospital  x   
Pharmacist: Unit     
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metrics and graph output. Table 9 summarizes the methods of communication used by the 

ED resident, the healthcare provider with the strongest total degree centrality.  

Shift change for medical residents in both the ED and the admitting unit occurred 

during this handoff. This resulted in two intra-professional handoffs embedded within the 

physical handoff of the patient between units and two additional medical residents 

(agents) added to the network analysis. In both cases, the resident leaving for the day 

gave a verbal report to the oncoming resident during the patient transfer. As in the first 

handoff, interpretation of the SNA results required examination of both network and node 

level output. Network measures (Table 5) revealed low network betweenness 

centralization (0.106) which indicated that communication was not dominated by one 

provider. The density measure (0.094) signified that the providers were not strongly 

connected; in addition, providers had almost two steps (1.8) between them. 

Three providers were revealed as isolates (charge nurse in the admitting unit, 

medical specialist, and the admitting unit respiratory therapist); that is, there were no ties 

from other providers to or from these providers. The isolates were not included in the 

visual graph level sociogram output (Figure 6) but were included in the network and 

agent level analysis (Tables 5 and 8). Density level is influenced by the presence of 

isolates. 
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A strong hierarchical structure (0.8) was characterized by the prominence of more 

than one provider. Based on the SNA metrics, five providers exhibited characteristics 

consistent with influence. The incoming ED resident had the highest eigenvector (0.199) 

and total degree centrality scores (0.639), indicating that he or she had many incoming 

and outgoing communication ties to influential nodes. The admitting unit attending 

physician, the ED attending physician, the ED primary nurse and the ED social worker 

TABLE 8. Agent Level Measures – Handoff Two 
Abbreviations: 
AU - Admitting Unit 
ED - Emergency Dept.  

Centrality, 
Betweenness 

Centrality, 
Closeness 

Centrality, 
Eigenvector 

Centrality, Total 
Degree 

Attending MD: AU 0.002 0.217 0.168 0.389 

Attending MD: ED 0.113 0.24 0.134 0.583 

Case Manager 0 0.055 0.020 0.056 

Charge Nurse: AU 0 0.055 0 0 

Charge Nurse: ED 0 0.055 0.020 0.056 

Intern MD: AU 0 0.055 0.052 0.083 

Intern MD: ED 0 0.055 0.013 0.028 

Primary Nurse: AU 0 0.055 0.034 0.083 

Primary Nurse: ED 0.029 0.222 0.075 0.333 

Pharmacist: Hospital 0 0.055 0.026 0.056 

Pharmacist: Unit 0 0.055 0.013 0.028 

Respiratory Therapist: AU 0 0.055 0 0 

Respiratory Therapist: ED 0 0.055 0.013 0.028 

Resident MD: AU 0 0.055 0.084 0.139 

Resident MD2:AU 0 0.055 0.058 0.139 

Resident MD: ED 0.090 0.055 0.199 0.639 

Social Worker: AU 0 0.055 0.026 0.083 

Social Worker: ED 0.002 0.203 0.065 0.222 

Specialist MD 0 0.055 0 0 

MIN 0 0.055 0 0 

MAX 0.113 0.24 0.199 0.639 

AVG 0.031 0.104 0.053 0.155 
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had similar closeness centrality scores (0.203-0.24), indicating short paths to other 

providers. This leads to the assumption that they had better access to information than 

other members of the network. In addition, these five providers exhibited strong total 

degree centrality scores, meaning they had many connections to and from other 

providers. The high upper boundedness score (1.0) combined with the strong connections 

of these five providers suggests a hierarchical structure, with these five providers having 

more control over communication during this handoff.  

 

 

FIGURE 6. Graph Level Output (Three Isolates Removed) – Handoff Two 
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Figure 6 illustrates, through proportional node size, the incoming ED resident 

(0.639) and ED attending physician (0.583) high total degree centrality scores. Combined 

with the boundary spanner tie connecting these providers these measures confirm the 

prominence of this dyad as a crucial communication bridge and the providers as 

important information gatekeepers. The elimination of the tie (relation) and/or either 

provider (nodes) would result in significant changes in the structure of the network. 

Given the intra-professional handoff occurring between the ED residents during 

the between-unit handoff process these patterns may be interpreted as influenced by the 

process used by the ED attending physician to collect information from the active 

caregivers in the ED in order to provide the expected information to the providers in the 

admitting unit. This is further illustrated by the multiple communication methods used by 

this provider to gather or share information with other providers (Table 9). 

Abbreviations: 
ED: Emergency Department  
AU: Admitting Unit 

In Person Phone Paper 
Chart EHR 

Primary Nurse: ED x  x  

Attending Physician: ED x  x  

Outgoing Resident: ED x  x  

Resident: AU  x  x 

Intern: AU  x   

Handoff Three 

This handoff occurred on a weekday at 6pm. The patient was transferred from the 

ED to inpatient Unit #1. Observation and snowball sampling revealed seven healthcare 

providers involved with the handoff. One provider declined to participate and another 

TABLE 9. Methods of Communication – Handoff Two  – Incoming ED Resident 
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was not available, so five surveys were distributed and all five were returned. Tables 5 

and 10 and Figures 7-8 present the SNA network and node level metrics and graph 

outputs. Table 11 summarizes the methods of communication used by the four healthcare 

providers with the strongest total degree centrality scores.  

This handoff was pending for over three hours due to a room on the admitting unit 

not being available. This delay resulted in an intra-professional handoff between two ED 

residents during their shift change at 4pm. This additional provider and resulting 

exchange of information were included in the analysis.  

Abbreviations: 
AU - Admitting Unit 
ED - Emergency 
Dept.  

Centrality, 
Betweenness 

Centrality, 
Closeness 

Centrality, 
Eigenvector 

Centrality, Total 
Degree 

Attending MD: AU 0 0.091 0.049 0.15 

Attending MD: ED 0 0.091 0.072 0.2 

Charge Nurse: AU 0 0.091 0.016 0.05 

Charge Nurse: ED 0 0.091 0.036 0.1 

Intern MD: AU 0 0.091 0.049 0.15 

Primary Nurse: AU 0.081 0.417 0.128 0.6 

Primary Nurse: ED 0.031 0.4 0.128 0.55 

Pharmacist: Hospital 0 0.588 0.115 0.45 

Resident MD2: ED 0 0.091 0.083 0.2 

Resident MD: AU 0.044 0.4 0.168 0.7 

Resident MD: ED 0.109 0.435 0.157 0.75 

MIN 0 0.091 0.016 0.05 

MAX 0.109 0.588 0.168 0.75 

AVG 0.024 0.253 0.09 0.355 

When the SNA was run on the entire network it revealed eight isolates (providers 

not connected to any other provider): case manager, ED intern, unit pharmacist, admitting 

TABLE 10. Agent Level Measures – Handoff Three (Isolates Removed Before Analysis) 
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unit and ED respiratory therapists, admitting unit and ED social workers, and the 

physician specialist (Figure 7). This resulted in the formation of nine network 

components, eight made up of a single provider (isolate) and one made up of the 

remaining eleven providers. Due to the large number of isolates, and the influence of 

isolates on many SNA metrics, they were removed for the final analysis of the network 

(Figure 8). Network and agent level measures are provided for only the main component 

network after removal of the isolates (Tables 5 and 10).  

 
FIGURE 7. Graph Level Output (Eight Isolates Visible) – Handoff Three 
 

Interpretation of the SNA results requires examination of both network and node 

level output. Network output (Table 5) revealed low network betweenness centralization 

(0.094), indicating that no single provider dominated the handoff communication process. 

The density measure (0.218) for the network (without the isolates) indicated that the 

providers were well connected. The average distance measure (1.522) indicated that the 
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providers had short paths between them. The isolates were included in the first graph 

level output (Figure 7) to illustrate the central core of nurses, physicians, and a 

pharmacist involved with this handoff. The second graph level output (Figure 8) is 

presented with the size of the node representing the total degree centrality of the 

providers.  

This handoff exhibits a strong hierarchical structure (0.85) that is characterized by 

the prominence of four providers with the highest total degree centrality scores (Table 

10): Incoming ED resident (0.417), admitting unit resident (0.389), ED primary nurse 

(0.306), admitting unit primary nurse (0.333). Table 11 summarizes the methods of 

communication used by these four providers. In addition, the admitting unit primary 

nurse was identified as a boundary spanner; removal of this individual provider would 

significantly change the structure of the graph and patterns of communication.  

TABLE 11: Methods of Communication – Handoff Three – Prominent Nodes 
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Nurse: ED 

Primary 
Nurse: AU Resident: ED Resident: AU 

Primary Nurse: ED - - - -  x x  x     x   
Primary Nurse: AU x  x  - - - -   x x    x 
Resident: ED x  x      - - - - x x   
Resident: AU  x x     x  x x x - - - - 
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FIGURE 8. Graph Level Output (Isolates Removed) – Handoff Three 
 

Not to be overlooked is the important role of the hospital pharmacist in this 

handoff. This provider had the strongest closeness centrality score (0.589), meaning that 

he or she was well positioned within the network for communicating with other 

providers. A moderate eigenvector centrality score (0.115), average for the agents in this 

handoff was 0.09, combined with a high total degree centrality score (0.45) the hospital 

pharmacist is revealed as an important member of the influential hierarchy tier made up 

of the other four providers.   

Handoff Four 

This handoff occurred on a weekday at 5:45 pm. The patient was transferred from 

the ED to inpatient Unit #3. Observation and snowball sampling revealed seven 

healthcare providers involved with the handoff. Seven surveys were distributed and four 
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were returned. Tables 5 and 12 and Figure 9 provide the SNA metrics and graph output. 

Table 13 summarizes the methods of communication used by the hospital pharmacist and 

the admitting unit primary nurse, the healthcare providers with the strongest total degree 

centrality. 

This handoff included an intra-professional handoff during shift change for the 

resident and attending physician in the admitting unit. There was also a new nurse (an 

orientee) working with the primary nurse in the ED. The orientee was the primary care 

provider and consulted with the regular primary nurse. These three additional functional 

roles were included in the analysis.  

As in the analysis for the first three handoffs, interpretation of the SNA results 

required examination of both network and node level output. Network output (Table 5) 

once again revealed low network betweenness centralization (0.042), indicating that no 

single provider dominated the handoff communication process. The low density measure 

(0.076) for the entire network signified that the providers were not strongly connected, 

but the average distance between providers was less than 1.5 (1.46). These network level 

measures indicated that although the providers may not be directly connected to many 

other providers, they were able to connect easily.   

This handoff also exhibited a strong hierarchical structure (0.982) characterized 

by strong upper boundedness (1.0) and high total degree centrality scores of two 

providers (Table 14), the primary nurse in the admitting unit (0.5) and the hospital 

pharmacist (0.6). Visual examination of the graph level output (Figure 9) reveals how 

these two providers are positioned to influence the flow of information to and from other 
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providers. Table 15 summarizes the communication methods used by these two 

providers. 

Abbreviations: 
AU - Admitting Unit 
ED - Emergency Dept.  

Centrality, 
Betweennes
s 

Centrality, 
Closeness 

Centrality, 
Eigenvector 

Centrality, 
Total Degree 

Attending MD2: AU 0 0.048 0.019 0.05 
Attending MD: AU 0.017 0.063 0.11 0.375 
Attending MD: ED 0 0.048 0.074 0.2 
Case Manager 0 0.048 0.007 0.025 
Charge Nurse: AU 0 0.048 0.007 0.025 
Charge Nurse: ED 0 0.048 0.014 0.05 
Intern MD: AU 0 0.048 0.043 0.075 
Intern MD: ED 0 0.048 0.043 0.075 
Primary Nurse2: ED 0 0.048 0.013 0.05 
Primary Nurse: AU 0.043 0.192 0.083 0.5 
Primary Nurse: ED 0.008 0.179 0.074 0.3 
Pharmacist: Hospital 0 0.4 0.164 0.6 
Pharmacist: Unit 0 0.048 0.014 0.05 
Respiratory Therapist: AU 0 0.048 0.014 0.05 
Respiratory Therapist: ED 0 0.048 0.014 0.05 
Resident MD2: AU 0 0.048 0.019 0.05 
Resident MD: AU 0 0.048 0.103 0.25 
Resident MD: ED 0 0.048 0.107 0.25 
Social Worker: AU 0 0.048 0.007 0.025 
Social Worker: ED 0 0.048 0 0 
Specialist MD 0 0.048 0.071 0.15 

MIN 0 0.048 0 0 
MAX 0.043 0.4 0.164 0.6 
AVG 0.003 0.078 0.048 0.152 

 

TABLE 12. Agent Level Measures – Handoff Four 
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FIGURE 9. Graph Level Output (One Isolate Removed) – Handoff Four 
 

Consistent with hierarchical structure, the network level sociogram (Figure 9) 

illustrates the existence of a second tier of providers. These four providers (admitting unit 

attending, ED primary nurse, attending unit resident, and ED resident) had high total 

degree centrality scores (Table 14), indicating that they had a number of connections 

coming in or going out. Nonetheless, based on total degree centrality (0.6), closeness 

centrality (0.4), and eigenvector centrality (0.164) scores, the hospital pharmacist was 

shown to be the most well connected and, consequently, most influential participant in 

this handoff.  
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Pharmacist: 
Hospital 

Primary Nurse: 
Admitting Unit 

 

In 
Person Phone Paper 

Chart EHR In 
Person Phone Paper 

Chart EHR

Attending MD: AU     x   x 
Attending MD: ED   x x  x x x 
Case Manager        x 
Charge Nurse: AU     x    
Charge Nurse: ED      x   
Primary Nurse: ED  x    x   
Primary Nurse: AU  x   - - - - 
Pharmacist: Hospital - - - -     
Pharmacist: Unit     x x   
Respiratory Therapist: AU     x x   
Respiratory Therapist: ED     x x   
Resident MD: AU     x   x 
Resident MD: ED  x x x     
Social Worker: AU        x 
Specialist MD  x x x x x   
 
Handoff Five 

This handoff occurred on a weekday at 8 pm. The patient was transferred from the 

ED to inpatient Unit #2. Observation and snowball sampling identified six healthcare 

providers involved with the handoff. Six surveys were distributed and five were returned. 

Once again an intra-professional handoff was embedded within the patient handoff 

between units. This handoff was ongoing when the ED primary nurses changed shift at 7 

pm. The additional ED primary nurse functional role and resulting communication 

patterns were included in the analysis. 

 

 

TABLE 13. Methods of Communication  – Handoff Four – Prominent Nodes 
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Initial analysis identified six isolates, resulting in the formation of seven network 

components; six were comprised of single provider (isolate) and one included the 

remaining providers. The isolates were included in the first graph level output (Figure 

10), which illustrated the six single entity components and the remaining component 

made up of a central core of nurses, physicians, and a pharmacist. Due to the influence of 

multiple isolates on some network and node level metrics, the isolates were removed and 

the analysis was rerun on the central core component (Figure 11). Both network and 

agent level SNA metrics are presented after removal of the isolates (Tables 5 and 14). In 

addition, Table 15 summarizes the communication methods used by the ED attending 

TABLE 14. Agent Level Measures – Handoff Five (Isolates Removed Before Analysis) 

Abbreviations: 
AU - Admitting Unit 
ED - Emergency Dept.  

Centrality, 
Betweenn
ess 

Centrality, 
Closeness 

Centrality, 
Eigenvector 

Centrality, 
Total Degree 

Attending MD: AU 0.004 0.632 0.132 0.542 

Attending MD: ED 0.021 0.667 0.14 0.708 

Charge Nurse: AU 0 0.077 0.012 0.042 

Charge Nurse: ED 0 0.077 0.012 0.042 

Intern MD: AU 0 0.077 0.04 0.125 

Intern MD: ED 0 0.077 0.051 0.166 

Primary Nurse2: ED 0 0.077 0.012 0.042 

Primary Nurse: AU 0.021 0.706 0.112 0.5 

Primary Nurse: ED 0.153 0.8 0.116 0.667 

Pharmacist: Hospital 0.005 0.667 0.164 0.625 

Respiratory Therapist: ED 0 0.077 0.012 0.042 

Resident MD: AU 0 0.077 0.102 0.292 

Resident MD: ED 0 0.077 0.097 0.292 

MIN 0 0.077 0.012 0.042 

MAX 0.153 0.8 0.164 0.708 

AVG 0.016 0.314 0.077 0.314 
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physician, the healthcare provider with the strongest total degree centrality. Network 

density increased after the analysis was run on only the central core component (0.2115), 

reflecting the increase in the proportion of possible ties and existing ties between 

members of this much smaller network. Consistent with the other handoffs included in 

this study, this handoff exhibited a strong hierarchical structure (0.8) characterized by 

high upper boundedness (1.0), both before and after the isolates were removed. 

Five agents exhibited high closeness and total degree centrality scores (Table 14): 

attending physician (0.667; 0.708) and primary nurse (0.8; 0.667) in the ED, the attending 

physician (0.632; 0.542) and primary nurse (0.706; 0.667) in the admitting unit, and the 

hospital pharmacist (0.667; 0.625). These scores were the most influenced by multiple 

isolates so they increased considerably after the isolates were removed. Nonetheless, the 

results showed that the same five providers had the shortest paths to other providers and, 

consequently, the best access to information. Once again the hospital pharmacist played 

an important role in the handoff, reflected by the second highest total degree and 

closeness centrality scores and the highest eigenvector centrality score (0.164). This 

indicates that he or she was well connected to the most influential agents.  

A boundary spanner was also revealed in this analysis; the incoming ED primary 

nurse was a crucial component in the communication process. Removing this individual 

from the network would significantly change the network structure. Examining the 

network output in Figure 10 reveals a pattern reflecting the gathering of patient 

information from multiple providers during the intra-professional handoff that occurred 
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during the nursing shift change. This nurse came on duty during the active handoff and 

took over the transfer of a patient that was new to him or her.  

Another unique feature of this handoff is that it occurred on a day that residents 

had seminars and workshops. This resulted in a specific ED resident not being assigned 

to the patient and the ED attending physician playing the most central role in that unit and 

the communication network during the handoff. The communication methods used by 

this provider are presented in Table 15. 

 

FIGURE 10. Graph Level Output (Six Isolates Visible) – Handoff Five 
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Abbreviations   
ED: Emergency Department  
AU: Admitting Unit 

In Person Phone Paper  
Chart EHR 

Primary Nurse: ED   x  
Resident: ED   x x 
Intern: ED   x x 
Attending Physician: AU x x   
Resident: AU x x   
Intern: AU x x   

 

FIGURE 11. Graph Level Output (Six Isolates Removed) – Handoff Five 
 

 

 

 

TABLE 15. Methods of Communication – Handoff Five – ED Attending Physician 
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Comparison of the Five Handoffs 

Comparison of these five handoffs revealed some interesting similarities and 

differences. The overall patterns of communication varied with each handoff, but each 

accomplished the same task: a patient was transferred from the ED to an inpatient unit. 

The individual communication structures were built upon the communication needs of 

the providers involved in that transfer.  

Intra-professional handoffs were embedded within the structure of each physical 

transfer of the patient between units (Table 16). This added additional providers and lines 

of communication to the handoff structure, increasing the complexity of the overall 

network. Examination of the network level sociograms (Figures 5-11) for each of the 

handoffs revealed the influence of the informational needs of the incoming providers on 

the resulting communication patterns.  

A shadow network of providers emerged in three handoffs (1, 2 & 4). These 

providers were not identified through observation nor snowball sampling but were 

mentioned by participants in the completed surveys as agents they communicated with 

during the between-unit handoff. The most common members of this “invisible” group of 

providers were social workers, respiratory therapists, specialist physicians, and case 

managers. Because these providers were not identified as participants during data 

collection, they did not receive surveys. This influenced the interpretation of out degree 

centralization (ties from these providers to other providers) and reciprocity. Interestingly, 

in two of the handoffs (3 & 5) these agents emerged as isolates, indicating that they were  
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not involved with the handoff, supporting the observation and snowball sampling 

findings. 

TABLE 16. Intra-professional Handoffs 

Handoff #1 Intra-nurse (1) 
Admitting unit charge Nurse to admitting unit primary Nurse 

Handoff #2 
Intra-resident (2) – Shift Change 
ED Resident to incoming ED Resident 
Admitting unit Resident to incoming admitting unit Resident  

Handoff #3 Intra-resident (1) – Shift Change 
ED Resident to incoming ED Resident 

Handoff #4 
Intra-resident (1) and Intra-attending (1) – Shift Change 
Admitting unit Resident to incoming admitting unit Resident 
Admitting unit Attending to incoming admitting unit Attending 

Handoff #5 Intra-nurse (1) – Shift Change 
ED primary Nurse to incoming ED primary Nurse 

It is interesting to note that all but one of the handoffs revealed individual 

providers not involved with the handoff (isolates); but there were no dyads (groups of 

two), triads (groups of three), or cliques (more than three) identified in any of the 

handoffs. The initial plan for analysis included closer examination of these structures if 

they occurred. This finding is of particular significance because providers from all the 

professional groups communicated with one another and there was no evidence of 

subgroups by unit or professional affiliation.   

Identification of a shadow group of providers and/or isolates was consistent with 

the hierarchical structure identified for all five of the handoffs. With this type of structure 

there are tiers or levels of agents that control the information flow to other tiers or levels. 

Because none of the handoffs exhibited a highly centralized structure (one dominated or 
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controlled by one agent), the top tier was made up of two or more agents. These agents 

had a strong influence on the flow of information during the handoff. Table 17 presents 

the top tier for each of the five handoff communication networks.  

Research Question Two 

Are healthcare providers satisfied with the effectiveness of current 

communication methods? 

To examine their satisfaction with communication, participants were asked whom 

they would like to communicate with more, or who should communicate with them more 

than they currently do. Nurses who answered this question often mentioned a desire to 

communicate with physicians from the opposite unit. Pharmacists indicated a desire to 

communicate more with providers from multiple professional groups and units. In 

contrast, physicians indicated a desire to communicate more with other physicians from 

their own unit.  

Participants were also asked to select their preferred method of communicating 

with other healthcare providers during a patient handoff between units. The vast majority 

selected verbal communication, either in person or by phone (Figure 12). None of the 

providers selected the paper chart, but some stated they preferred using the electronic 

chart for sharing or accessing patient information.  

TABLE 17. Most Influential Providers by Handoff 
 

Handoff #1 Handoff  #2 Handoff #3 Handoff #4 Handoff #5 

CN: AU 
Pharmacist 

AtMD: ED 
ResMD: ED 

PN: AU 
ResMD: AU 
ResMD: ED 

Pharmacist 
PN: AU 

AtMD: ED 
Pharmacist 
PN: ED 
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FIGURE 12. Preferred Method of Communication by Profession 

Participants that preferred verbal methods of communication (telephone or in 

person) acknowledged that they chose telephone or in person verbal communication 

because it was faster, more convenient, and allowed the providers to ask and answer 

questions. One participant stated he preferred verbal communication because he “finds a 

significant number of errors in the electronic charting, particularly when the patient is 

transferred from a unit with paper charting... making it vital to talk to the previous 

provider to catch those mistakes.”  

Another provider stated that handoff reports between providers should be done 

verbally and in front of the patient, allowing the patient to be an active participant in their 

care and to also ask or answer questions. This method was used by ED nurses during shift 

change intra-professional handoff. On the other hand, the providers that stated a 

preference for the electronic health record based their preference on the ability to review 
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documentation from multiple providers in an organized, legible, and systematic format. 

The use of the EHR for quick review and triage of patient issues in busy areas was also 

mentioned as a positive feature of this method of communication.  

Overall the participants were satisfied with the available methods of 

communicating with other providers (Figure 13). One participant expressed satisfaction 

with communicating with multiple providers in the ED but reported that there was 

difficulty with inter-unit communication. In contrast, more than one provider working in 

the admitting units stated frustration with the timing of transfers and that “other care 

providers need to understand what your unit is like when they call wanting to send a 

patient up right away.”  

This same type of frustration was evident in comments from a nurse working the 

night shift in an inpatient unit, “One of my biggest frustrations is the inability to discuss 

with the primary physician team my concerns/observations/patient requests that do not 

warrant a call to the covering team.” This provider stated that in this situation she either 

has to ask the day nurse to convey her concerns or tape a note to the front of the chart 

with the hope the physician will see it and read it.  

A repeated recommendation for improving communication was converting all the 

units to electronic charting. Specific suggestions for improving the process were to 

convert the paper SBAR handoff form to a multi-professional electronic version and to 

develop a communication log module for communicating across units and/or shifts.  



 
 
 

91

Admitting UnitsEmergency Department

8

6

4

2

0

C
ou

nt

2

1

5

8

5

1 11

Very Satisfied
Satisfied
Neither Satisfied nor Dissatisfied
Dissatisfied

 

FIGURE 13. Participant Satisfaction with Information Sharing 

Summary 

This chapter provided the results of this descriptive, exploratory study. 

Communication patterns during five patient handoffs between the ED and three inpatient 

units were examined using SNA metrics and descriptive statistics. Participant satisfaction 

with the methods available for sharing patient clinical information with multiple 

providers during a handoff between units was also presented. 
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CHAPTER 5: CONCLUSIONS 

Introduction 

The purpose of this research was to explore and describe communication between 

members of multiple professional groups during a patient handoff between units. True to 

the objectives of exploratory research, this study examined multi-professional 

communication networks in order to provide accurate portrayals of real-life patient 

handoff situations and to describe what currently existed. The multi-professional 

collaborative patterns that emerged suggest that coordination of patient care during a 

handoff is a complex process that is the domain of more than one professional group. 

This chapter discusses these findings, limitations, and implications of the study for future 

research.  

Discussion of Findings 

This study examined and compared five very different communication network 

patterns. The five configurations all accomplished the same task: handoff of a patient 

between units. When a patient is transferred between units in the hospital environment 

the professional caregivers are responsible for planning and providing care change. This 

study suggests that communication of patient information during a handoff is a multi-

layered process that incorporates the use of both synchronous and asynchronous 

communication methods and devices simultaneously (Alvarez & Coiera, 2006). 

Barriers to effective communication, such as a turbulent and interruptive 

environment, were evident in both the ED and admitting units (Solet, 2006). Consistent 

with the findings of Horsky, Zhang and Patel (2005), the providers in this study used 
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nonlinear strategies, such as incorporating multiple methods of communication to 

multiple providers simultaneously, to transfer or assume care of the patient. This was 

necessary to access and exchange patient information in the presence of multiple methods 

and requirements for documentation (Figure 5). This process was identified by Bulkley 

and Van Alstyne (2007) as “channel switching,”; using multiple ways of sharing patient 

information to supplement one another in an attempt to piece together and understand the 

complex history and the current and future needs of the patient. Many methods, such as 

the telephone, have been shown to actually add to the complex and turbulent nature of the 

environment by interrupting the provider during another task (Alvarez & Coiera, 2006). 

In addition, checking multiple, possibly redundant or conflicting, sources such as the 

scanned ED paper record, CPOE, and/or paper chart or forms added to the amount of 

memory and time needed by the provider to complete the task.  

Informal networks, such as communication networks during a patient handoff, are 

not depicted on an organizational chart; instead they emerge in response to the 

information needs of the individual providers. Environmental constraints such as policies 

and procedures (i.e. requiring the use of a specific paper handoff form) and availability of 

information communication technology (i.e. mobile phones, EHR, paper based charting) 

influence the emergent patterns. In addition, adding to the complexity of the patient 

handoff process, all the communication networks in this study included intra-professional 

handoffs embedded within the physical handoff of the patient between units.  

Examining patient handoffs from a complexity science perspective enhances 

understanding of these emergent communication patterns. These complicated higher level 
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patterns can be identified as being the result of the lower, individual level CASs self-

organizing to complete a specific task. The patient handoff networks included in this 

study illustrate the distinctive communication patterns of providers based on the patient 

transfer needs unique to a particular handoff. These dynamic needs were dependent on 

both the informational requirements of individual providers and environmental 

characteristics, such as a hybrid patient information system, that determined the location 

and accessibility of the required information. Each provider, as an individual level CAS, 

modified his/her own behavior to accomplish this task. This self-organization was based 

on the individual provider’s knowledge, resources, and environmental constraints.  

Organizational leaders often respond to problems having complex processes, such 

as patient handoffs between units, with policies that attempt to standardize or control the 

process in an attempt to increase reliability and/or reduce error (JCAHO, 2005b; 

Meliones, Mericle, & Norman, 2007; Shendell-Falik et al., 2007). This organization had 

implemented the SBAR format (situation, background, assessment, recommendation) 

patient handoff sheet for nursing. This commonly used paper form follows standardized 

handoff guidelines established and recommended by an accreditation agency (JCAHO, 

2005a).  

A reductionist view of healthcare organizations suggests that performance of a 

task, such as a patient handoff, must follow a specific pattern (such as use of a 

standardized format) in order to be correct or reduce error (Plsek & Wilson, 2001). The 

dynamic forces interacting in the current healthcare environment create a constant level 

of uncertainty and surprise that does not imply lack of control or that a mistake has been 
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made (Kerfoot, 2005). This view is supported by complexity science and management 

scholar Reuben McDaniel and colleagues, who posit that unexpected occurrences are a 

fundamental component of a healthcare organization and should be embraced as 

opportunities to learn, innovate and grow (McDaniel et al., 2003).  

In addition, because randomness and irregularity are important elements of 

complex adaptive systems, attempts to standardize complex processes run the risk of 

interfering with the individual and group level self-organization process (Plsek, 2001). 

This irregularity and self-organization process is evident when examining the unique 

network graphs of each of the five handoffs in this study (Figures 6-12). Providers used 

their individual knowledge and creativity to gather the information necessary to either 

transfer or initiate care of a patient.  

Several studies have shown increased medical errors when computerized provider 

order entry (CPOE) systems were implemented (Aarts et al., 2004; Horsky, Kuperman et 

al., 2005; Koppel, Metlay et al., 2005). This is often attributed to the interactions of an 

existing organizational and technical environment and the CPOE system (Aarts et al., 

2004). The inpatient units that participated in this study used both paper and electronic 

records for each patient. This combining of paper and electronic documentation systems 

added to the confusion and workload for providers. In this study, the admitting unit 

physicians used CPOE to enter medication orders, that were then hand transcribed by the 

admitting unit nurses onto a paper medication administration record (MAR). This 

process, in effect, reintroduced the potential for transcription and handwriting errors that 
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a CPOE system is designed to improve upon, while increasing the workload for the 

nurses. 

The results also support the findings of others that the irregularity and complexity 

of multi-professional handoff communication is increased by the introduction of 

information and communication technologies (ICT). Numerous researchers have noted 

that the introduction of ICT may cause additional work for healthcare providers (Ash et 

al., 2004; Coiera, 2000; Kaufman et al., 2006). Paper documentation, combined with 

electronic documentation comprised of scanned paper records, CPOE and multiple unit 

specific modules has been shown to interfere with effective communication and increase 

the workload of busy providers (Kaufman et al., 2006). (Goorman & Berg, 2002) noted 

that the design of an EHR should reflect the way that work is done, including the need for 

providers to access information from other providers across the care continuum. Similar 

to many other healthcare organizations, the multiple documentation processes and 

systems used by providers in this study served specific unit functions and may even 

contain information not available to providers in another unit (Stead et al., 2005).  

Ash and her colleagues (2004) observed that errors in communication and 

coordination occur when the system does not support the non-linear processes that 

characterize work in the interruption filled healthcare environment. Research by human 

factors researchers has shown that mixed systems combined with information technology 

design flaws can lead to cognitive overload and increased error (Ash et al., 2004; Chan, 

2002; Effken, 2002; Kushniruk, 2002; Leape, 2005). ICT has increased both the speed 

and amount of information that can be communicated during a handoff (Saetre & 
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Browning, 2004). This ease of communication has increased the permeability of the 

boundaries between group-level CASs. No longer is it necessary to interact in person 

with another provider to get real time information on a patient. Instead, providers 

involved with a handoff can access and read documentation by the multiple providers 

currently or historically involved with the patient’s care. Standardized processes, such as 

completion of a SBAR handoff form, have the potential to interrupt rather than enhance 

this nonlinear process of information gathering by the providers.  

One participant explained that she preferred verbal communication because the 

information available in electronic format may not be accurate. This preference for verbal 

communication was echoed by a majority of participants and supports the importance of  

“common ground” between users for communication to be effective (Coiera, 2000). In 

person verbal communication includes the use of a common language and 

communication patterns such as body language that enhance the communication process. 

In order for an electronic information system to enhance understanding and be considered 

common ground by providers; it must provide reliable, accurate, and consistent 

information in a format that is understandable to everyone involved in the exchange of 

information. If the information available in electronic format is not considered reliable by 

providers, it has the potential to be a obstacle, rather than assist effective communication 

(Coiera, 2000).  

Although the communication patterns that emerged did not identify a particular 

provider controlling the flow of information during the handoff process (based on node 

centrality and network centralization measures); the hierarchical structure exhibited by all 
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five handoffs has been elsewhere identified as a potential barrier to coordination of care 

(Solet, 2006). Numerous studies suggest that the ability to ask questions and get answers 

is an important component of handoff communication (Frankel, 2000; Sexton et al., 

2000), in addition to influencing who is perceived as eligible to raise questions or issues 

(Solet, 2006). A hierarchical structure has been shown to influence access and control of 

information (Krackhardt, 1990). The hierarchical structure exhibited by these handoffs 

was characterized by tiers of dominant providers (Krackhardt, 1993). The central 

providers identified in this study were in powerful positions and had the potential to 

control the flow of patient information during the handoff (Krackhardt, 1990).  

Stein and colleagues (1967, 1990) examined the communication patterns used by 

physicians and nurses to preserve a traditional hierarchical power structure. This “doctor-

nurse” game required physicians and nurses to use an indirect communication style 

characterized by covert suggestions by nurses and decision making by physicians. 

Societal changes, such as shifting gender expectations, and easy access to information by 

all professions have been identified as factors influencing modern collaborative practice 

(Reeves, Nelson, & Zwarenstein, 2008). Nonetheless, evidence of the doctor-nurse game 

was identified during this study. One night shift nurse identified a problem with asking a 

question or informing the primary physician of concerns or issues pertaining to the 

patient. The nurse did not want to bother the physicians covering at night but did want to 

communicate with the primary medical team. This provider would either ask the 

oncoming day nurse to convey the information to the primary physician or leave a note 

taped to the paper chart with the hope the primary physician would read it.  
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The hierarchical structure identified in this study was not dominated by a 

particular professional group; instead nurses, physicians and pharmacists all played 

influential roles which varied with each handoff. Examining this finding from a 

complexity science perspective supports the self-organization of the individual level 

providers into a group-level complex adaptive system (CAS) to accomplish this task of 

patient handoff. The porous boundaries characteristic of an emergent CAS allow the 

individual level CASs (healthcare providers) to move between group-level CASs. Within 

the emergent CAS (Figure 1), the individual providers self-organize according to the 

needs of the specific task – patient handoff. This results in the emergence of a tier of 

influential providers from different and varying professional groups and units.  

Boundary spanners, sometimes referred to as weak ties or links, were identified in 

four of the five handoffs. These agents or ties (relations) are crucial to the connectivity of 

the network; removal of the link or individual agent results in the creation of new 

components. In his seminal work, (Granovetter, 1973) discusses “weak ties”; that are ties 

that, if removed, result in severe interruption or change in the transmission of information 

within the network. This fragmentation of the whole network into two or more 

components directly influences the flow of new information between agents. Granovetter 

posits that weak ties are a crucial component of information dissemination and exchange 

between groups, without these ties the individual component networks would be isolated 

from new information and ideas. 

Csermely (2006) hypothesizes that weak links also work as stabilizers of complex 

systems. Examination of the embedded CAS model guiding this research (Figure 1) 
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supports the role of self-organization on lower levels stabilizing the CAS on the next 

level. As discussed earlier, these higher level patterns are the result of the lower, 

individual level CASs self-organizing to complete a specific task; this process requires 

the exchange of information between agents.  Boundary spanners, weak links between 

components, support the exchange of patient information between both transferring and 

admitting providers. Removal of these agents or links would prevent self-organization of 

the handoff level CAS and the resulting completion of the task.  

Chassin and Becher (2002) discovered while examining the causes of medical 

error that latent conditions in the environment can lead to a culture that is accustomed to 

poor or incomplete access to information. Providers develop low expectations for 

information exchange and develop individual patterns of information gathering that 

compensate for poor workflow. This study supports the unique patterns exhibited by 

individual providers in their quest to share or access patient information.  

Evidence of acceptance of the current multi-method way of communicating 

patient information is present in the satisfaction rates of participants in this study. A 

surprising 67% of the providers participating in this study stated they were satisfied or 

very satisfied with the clinical information they were able to obtain or share during a 

patient handoff between units. Broken down by ED and admitting units, 82% of the 

providers working in the ED and 54% of the providers working in the admitting units 

stated they were satisfied or very satisfied. 

Adding to this complex environment are the differing goals and objectives for 

patient care in the ED and inpatient units. The focus of patient care in the ED is emergent 
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care; if patients are not able to be discharged they are transferred to an inpatient unit. The 

inpatient units must piece together the patient’s history and current medical needs to 

develop a plan of care for both hospitalization and discharge. Closer examination of the 

ability to communicate with other providers in these units revealed that all the 

participating providers in the ED worked in only that unit and in close physical proximity 

to one another. Physicians, nurses, social workers, and respiratory therapists all shared a 

common workspace or adjacent offices and had easy access to one another for verbal 

conversations that supplement information available in the paper record. 

In contrast, the physicians responsible for care of patients on the inpatient units 

that participated in this study visited the units to round on patients and often had patients 

in more than one unit in the hospital. Physician charting areas and offices were located in 

different areas of the hospital. In addition, providers in the inpatient units used a paper 

chart and MAR and an EHR to document and access patient orders and information. This 

resulted in providers having to access numerous types of records to obtain the patient 

information they needed. In addition, the nurses in the inpatient units had a more difficult 

time communicating with physicians due to the need to use the phone and/or pager to 

initiate verbal communication. 

Providers working in the inpatient units expressed dissatisfaction with the ability 

to communicate with other professionals and also between shifts. Not surprisingly, 

providers on both sides of the transfer expressed difficulties with the timing of transfers. 

ED providers also had difficulty identifying and/or contacting the admitting physician 

group. To further complicate these problems, most patient transfers occurred between 2 



 
 
 

102

and 8 pm, times that coincided with physician and pharmacist shift changes at 4 pm and 

nursing shift changes at 7 pm. This resulted in intra-professional handoffs being 

embedded within the inter-unit patient transfers. 

It is important to recognize that the patient handoffs included in this study 

represent the communication processes used by the providers in the care of only one 

patient. Each of these providers was also responsible for the care of multiple patients at 

the same time as the examined handoff occurred, resulting in the coordination of the 

observed handoff within the provider’s overall patient care responsibilities. 

Study Limitations 

Several limitations must be considered when interpreting the results of this study 

and/or evaluating its impact on current knowledge of multiprofessional communication 

during patient transfer between units. First, generalizability of these results to another 

setting, or even to other handoffs in this facility, is limited. Each of the five handoffs was 

a unique, snapshot view of a single patient transfer; the unique patterns exhibited in each 

handoff are the result of distinctive environmental constraints and provider 

characteristics.  

An important consideration when evaluating results of this study is that the 

network patterns reflected communication between individual providers during the 

transfer of a single patient. These providers were concurrently responsible for the care of 

multiple patients. The needs of these additional patients varied, some may also have been 

in the process of being discharged or admitted to the unit. In the case of inpatient 

physicians, the patients they cared for might also be in multiple locations, such as in an 
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outpatient clinic or multiple units in the hospital. Consequently, it is important to 

recognize that the individual handoffs are embedded within the multiple patient care 

processes of the providers.  

Limitations related to data collection and identification of handoff participants 

must also be considered. Observation was used to identify the initial providers involved 

with the handoff. These providers were asked with whom they were communicating and 

to fill out a survey instrument. Informant bias, discrepancy between recall and self-report 

and/or actual behaviors, must be considered when examining the communication network 

data. In addition, despite attempts to identify and request participation by all providers 

involved with the handoff, some providers may not have been identified, and others 

declined to participate or did not return the completed survey instrument.  

Future Research 

The result of this exploratory, descriptive study supports the need for future 

research to enhance understanding of how communication patterns during patient handoff 

influence provider satisfaction and patient outcomes. This includes which SNA metrics 

provide the best measurement of network patterns that support collaborative patient care 

along the continuum. In addition, research is needed to identify the content of the 

information needed and shared by individual providers and how this information 

influences communication patterns. Some participants included unit assistants, patient 

care technicians, patient family members, and the patient as important sources of clinical 

information. Further research on the role of these paraprofessionals, family, and the 

patient in the communication of patient information during the handoff process is needed.  
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The availability of computer programs to analyze social network data has resulted 

in the increased popularity of this method to examine human networks. This wider use 

has led to recognition that the basic data collection methods used for SNA are 

problematic in many environments (Borgatti & Molina, 2005; Kadushin, 2005; Klovdahl, 

2005). For example, the use of rosters of network member’s names for selection by 

participants creates a dilemma. Individuals included by name in either a free recall or an a 

priori fixed list may or may not have provided consent. Through inclusion and/or 

selection by a consenting participant they are secondary participants. Research is needed 

to examine how basic human research ethical guidelines (anonymity and confidentiality) 

can be assured for the secondary participants involved in sociometrics research.  

Examination of the use of a fixed list of potential network participants vs. free 

recall of whom the participant interacted with is another important area of inquiry. As 

discussed in earlier sections, the dynamic hospital environment includes many changes in 

the individuals that make up the functional roles that provide patient care. This led to the 

use of functional role for this research study, further research into this method of 

sampling is warranted. 

This study also revealed that more research is needed to understand how the 

relationship between providers on multiple hospital units and across shifts influences 

communication. The move to limit the work hours of medical residents has resulted in 

additional intra-professional handoffs (Lin et al., 2006). The purpose of restricting work 

hours was to reduce medical error contributed to fatigue. An unintended consequence of 

this policy is an increase in the number of patient handoffs between residents. Research 
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on the perceptions of residents on the influence of this policy revealed concerns about the 

effect of this change on continuity of care (Lin et al., 2006). Residents expressed concern 

that this change had led to delays in treatment and fragmentation of care.  

Handoffs between residents occurred in three out of the five handoffs included in 

this study. The resulting communication patterns were influenced by the addition of the 

oncoming providers to the patient care network and their attempts to gather or share 

patient information. Further research into the influence of the limitation on resident work 

hours on medical error and continuity of care is needed. In addition, examination of the 

timing of patient admissions and handoff from the ED and how the timing of provider 

shift changes influences this process is desirable. Research in these areas should include 

exploration of how networks of care based on patient needs and not organizational or unit 

boundaries influence outcomes for both providers and patients.  

One objective of this research was to examine the communication patterns 

exhibited by providers from multiple professions during a patient handoff between units. 

These patterns confirmed that there was no one provider group that dominated the 

handoff process. Instead, the hierarchical patterns revealed tiered groups of providers that 

self organized in response to the unique needs of the handoff. The important roles of 

nurses and physicians (particularly residents) in the handoff process were confirmed. In 

addition, the valuable contributions of pharmacists were revealed. Research into reducing 

medical error has included this group of providers (Leape, Cullen, & Clapp, 1999); 

nonetheless, more research into the role of this profession in coordinating patient care 

during the admission or patient handoff between units is needed.  
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Multi-professional communication and collaboration has been identified as an 

important research focus in understanding how to improve patient outcomes and reduce 

medical error (IOM, 2001). This study revealed that multiple professions share influential 

roles in the coordination of patient care between units. Additional research into how 

multi-professional collaboration is influenced by knowledge of the role and practice of 

other professions could assist with development of multi-professional education 

initiatives (Abramson & Mizrahi, 1996; Anderson-Rothman, 2000; Cina et al., 2004; 

Cole, Waite, & Nichols, 2003).  

Not to be overlooked is examination of how complexity science and social 

network analysis can be combined to inform the design and implementation of workflow 

and health information technology that supports the coordination of patient care among 

providers representing different professions and hospital units. Complexity science-

inspired, theory-based, research will help to identify how environmental constraints such 

as organizational culture, policies and managerial practices support the ability of 

embedded CASs to self-organize. It is also important to explore how standardizing a 

process influences provider workflow, satisfaction and patient outcomes. (Evans, Pereira, 

& Parker, 2008) note that intra-professional handoff between nurses can be viewed as a 

ritual that reduces stress and enhances memory. Future research is needed to examine 

how changing this ritual by implementing standardized processes or new HIT influence 

patient handoff outcomes and provider satisfaction.  

An important goal of this exploratory research study was to investigate how 

healthcare providers from multiple professional groups use information technology to 
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share a patient’s clinical information during a patient handoff between units. Research to 

examine the patterns of communication used by providers as they access or share the 

information required to care for multiple patients is also needed to further understand the 

role of the EHR in coordinating simultaneous collaborative care between multiple 

providers. The influence of CPOE implementation on the centrality of pharmacists is 

another important area for future research. 

This study provided the first step in understanding how providers share and/or 

access information during patient handoff and supports the need for HIT that is designed 

to meet the needs of multiple professions. Further research is needed to examine how 

hybrid documentation systems, such as those used by this organization and many others, 

influence the ability of providers to quickly and accurately access patient information in 

the turbulent hospital environment. A more complete understanding will require multi-

professional collaborative research that will inform both the design and implementation 

of electronic systems that support both the needs of the providers and the care of multiple 

patients across the continuum. 

Summary 

This descriptive, exploratory research study examined snapshot views of five 

patient handoffs as they currently exist; this is an important step in laying the foundation 

for future research. This study revealed network communication dynamics that are 

nonlinear, unpredictable and shaped by the information needs of the providers. 

Limitations of the study were presented and implications for future research were 

discussed  
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APPENDIX B: UNIVERSITY OF ARIZONA IRB APPROVAL 
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APPENDIX C: PARTICIPANT INFORMATION (STUDY DISCLAIMER) 
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The Influence of Information Technology on Multiprofessional Communication during a 
Patient Handoff 
 
You are being invited to voluntarily participate in the Influence of Information 
Technology on Multiprofessional Communication during a Patient Handoff research 
study. The purpose of the study is to learn more about how healthcare providers share 
patient information with other healthcare providers during a patient handoff between 
units. This study will provide information that can be used to assist with the design and 
implementation of electronic clinical information systems that support the 
communication needs of healthcare providers from multiple professions.  
 
You are eligible to participate because you are a physician, nurse, social worker, 
respiratory therapist, or pharmacist responsible for the care of patients in one of the units 
selected for this research study. In order to maintain your confidentiality, your name will 
not be asked. Survey information will be locked in a cabinet in a locked room at the 
College of Nursing. 
 
If you agree to participate, your participation will involve a short paper based survey. The 
survey should take approximately 15-20 minutes to complete. Convenient drop boxes 
labeled with the name of the study are available on participating units for the completed 
surveys. Any questions you have will be answered and you may withdraw from the study 
at any time. You may choose to stop at any time including not answering some or all of 
the questions. There are no known risks from your participation and no direct benefit to 
you from your participation is expected.  The results of the study may better inform the 
design of clinical information systems. Refusing to participate or discontinuing the study 
will have no effect on your employment. There is no cost to you except for your time. 
You will be eligible to voluntarily enter a drawing for a gift card.  
 
You can obtain further information about the study or voice concerns or complaints about 
the study by emailing or calling the Principal Investigator, Marge Benham-Hutchins, 
RN, Ph.D. Candidate at marge@nursing.arizona.edu or (817) 846-0015. If you have 
questions concerning your rights as a research subject, you may contact the University of 
Arizona Human Subjects Protection Program office at (520) 626-6721 or by visiting the 
following web site:  http://www.irb.arizona.edu/suggestions.php. 
 
By completing the survey, you are giving permission for the investigator to use your 
information for research purposes. 
 
Thank you.                                 
Marge Benham-Hutchins 
Version 1 (8/28/2007) 
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APPENDIX D: GLOSSARY OF SNA TERMS 
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Actor set: all actors that comprise the network of interest.  
Actor: individual node, synonymous with agent, represents the individual entity.  
Adjacency matrix: made up of corresponding rows and columns. 
Agent: individual node, synonymous with actor, represents the individual entity.  
Attribute data: represent the characteristics of the actors.    
Component: synonymous with sub-graph, connected groups within the network 
structure.  
Composition variable: attribute measures that represent the composition of the social 
network. 
Dyad: two nodes and connecting ties, most basic unit of analysis for NA.  
Egocentric network: Studies that use an egocentric design focus on a main actor and the 
relationships within its own area. Egocentric network data can be collected separately 
or sampled from the data collected for a whole network study. 
Graph: synonymous with network, consists of two or more sets of nodes, graph level 
output is visually represented by a sociogram.  
Isolate: node with no incoming or outgoing relations (ties).  
Lines: synonymous with ties and links, represent relationship between nodes, may be 
undirected, directed, valued, or both directed and valued. 
Links: synonymous with ties and lines, represent relationship between nodes, may be 
undirected, directed, valued, or both directed and valued. 
Network Boundary: the population that defines the network of interest. 
Network: synonymous with graph, consists of two or more sets of nodes, network level 
output is visually represented by a sociogram. Defined by a specific relationship (i.e. 
work or family) or event (i.e. work project or shared task). Networks can be comprised 
of different types of nodes, typically referred to as agents or actors. 
Node: a single entity. 
Node set: groups of individual nodes.  
Relational data: data describing the relationship between actors, typically recorded and 
stored as an adjacency matrix 
Sociogram: visual representation of a network (Figure 3).  
Structural variable: patterns or regularities measured within the network structure. 
Subgroup: synonymous with component, connected groups within the network 
structure. 
Ties: synonymous with lines and links, represent relationship between nodes, may be 
undirected, directed, valued, or both directed and valued. 
Triad: includes three actors and the links between the pairs. 
Whole Network: Whole network designs look at specific sets of interrelated and 
bounded social actors.  
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