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The mobile and information intensive nature of clinical work in hospital settings presents a critical challenge: 

how to provide clinicians with access to information at the time and place of need?  This challenge is 

particularly pertinent to decision-makers responsible for the selection of computing devices.  Mobile devices 

are often promoted as a means to meet this challenge, with existing literature tending to portray the mobility of 

devices as inherently beneficial.  However, evidence to clearly demonstrate how mobile devices support 

clinical work is limited. 
 

This research aimed to generate new knowledge to contribute to answering two significant questions: (i) how 
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where, and devices used.  The findings provide evidence validating core assumptions about mobile devices: 
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continuity in work processes.  However, mobile devices did not provide the best fit for all tasks and additional 

factors, such as the temporal rhythms of the ward and structure of ward round teams, affected how mobile 

devices supported work.   
 

Integration of findings from the two stages resulted in the development of a detailed list of factors that 

influence the use of mobile devices on hospital wards.  This new evidence provides valuable knowledge to 

guide the selection of computing devices to support, and potentially optimise, clinical work. 
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The mobile and information intensive nature of clinical work in hospital settings 

presents a critical challenge: how to provide clinicians with access to information at the 

time and place of need?  This challenge is particularly pertinent to decision-makers 

responsible for the selection of computing devices.  Mobile devices are often promoted 

as a means to meet this challenge, with existing literature tending to portray the mobility 

of devices as inherently beneficial.  However, evidence to clearly demonstrate how 

mobile devices support clinical work is limited. 

This research aimed to generate new knowledge to contribute to answering two 

significant questions: (i) how do decision-makers select computing devices? and (ii) how 

do mobile devices support clinical work practices? 

The research was conducted in two stages.  In stage one, interviews were conducted 

with 28 individuals involved in decisions regarding the selection of computing devices 

for hospital wards.  Decision-makers reported a range of factors that influenced device 

selection.  Role of the user, types of tasks, and location of tasks, for example, were 

deemed important.  

In stage two, a mixed methods design comprising structured observations, interviews, 

and field notes was employed.  A sample of 38 clinicians, on two wards of a 

metropolitan hospital, was observed for 90 hours.  In total 4,423 clinical tasks were 

recorded, capturing key information about tasks doctors and nurses undertake, where, 

and devices used.  The findings provide evidence validating core assumptions about 

mobile devices: namely, that they support clinicians’ work by facilitating access to 

information at patients’ bedsides.  Notably, mobile devices also supported work away 
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from the bedside and whilst clinicians were in transit, allowing continuity in work 

processes.  However, mobile devices did not provide the best fit for all tasks and 

additional factors, such as the temporal rhythms of the ward and structure of ward 

round teams, affected how mobile devices supported work.   

Integration of findings from the two stages resulted in the development of a detailed list 

of factors that influence the use of mobile devices on hospital wards.  This new evidence 

provides valuable knowledge to guide the selection of computing devices to support, and 

potentially optimise, clinical work. 
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Clinical Information 
 

Data that is used to help make patient care decisions, such 

as from evidence-based resources and decision support 

systems. 

Clinical Information 

System 

 

Software applications devised to facilitate clinical functions.  

Examples include: patient administration systems, 

electronic medical records, medication management 

systems, decision support systems, computerised provider 

order entry systems, picture archiving and communication 

systems, and radiology information systems.   

Clinician 
 

A doctor or a nurse. 

Coding 
 

Segmenting data into units and rearranging them into 

categories or themes that facilitate insight, comparison, and 

interpretation of the data. 

Computer Network 
 

The interconnection of a group of computers that can share 

data and exchange information.  

Connectivity 
 

The ability to link to a wired or wireless internet connection 

in order to receive or send information.   

Constructivism 
 

A paradigm in which understanding is created (or 

“constructed”) during interaction between the researcher 

and the participants. 
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Decision Support 

Systems 

 

Software applications that provide patient care 

recommendations, assessments, alerts, and reminders to 

support clinical decision-making. 

Documentation 

Latency 

 

The interval of time between obtaining information and 

electronically documenting the information. 

Effectiveness 
 

The degree to which a desired result is produced.  

Efficiency 
 

The extent to which time or effort is well used for the 

intended task. 

Electronic Medical 

Record 

 

An electronic record of health information about patients, 

which can include: patient demographics, medical history, 

medications and allergies, vital signs, and laboratory test 

results.  

Fit 
 

The match between two attributes, which can include task 

attributes, technology attributes, or user attributes.  

Fixed Computing 

Devices 

 

Stationary hardware computing devices.  Examples include: 

desktop computers and wall-mount computers.   

General Inductive 

Analysis 

 

A qualitative data analysis technique that involves: close 

reading of the data; creation of upper-level themes derived 

from the study objectives; creation of lower-level themes 

emerging from the data; coding of data; continuous revision 

and refinement of the themes; and selection of quotations 

conveying the essence of each theme.     
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Hardware 
 

The physical component of computers.  Hardware 

computing devices come in many shapes and sizes but are 

generally classified into two main categories: fixed 

computing devices and mobile computing devices. 

Hawthorne Effect 
 

Participants modifying their behaviour in the presence of 

the researcher. 

Homegrown 
 

Clinical information systems that have been developed 

within the hospital setting in which they are used. 

Hybrid System 
 

Systems where paper-based processes and electronic 

systems were used in conjunction. 

Independent Parallel 

Coding 

 

Two (or more) researchers independently reviewing data to 

identify recurrent concepts and develop a set of themes, 

which are then compared and merged into a coding 

schema.   

Information and 

Communication 

Technology 

 

A wide array of software and hardware technologies 

designed to support information and communication needs. 

Medication 

Management Systems 

 

A software application that allows clinicians to 

electronically prescribe medications, alter or cease 

medications, and record the administration of medications.   

Member Checking 
 

Getting feedback from study participants to check the 

researcher’s interpretations of the data. 
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Mixed Method 

Research 

 

The integration of quantitative and qualitative research 

approaches. 

Mobile Computing 

Devices 

 

Hardware computing devices that are easily moveable from 

location to location.  Examples include: computer carts, 

laptops/notebooks/netbooks, tablet computers, personal 

digital assistants, and smartphones.  Mobile computing 

devices can be further subcategorised into portable devices 

and handheld devices.  Handheld devices are generally 

smaller than portable devices and are designed to be 

operated whist being held by the user. 

Open-Ended 

Questions 

 

Interview questions that are to be answered in the 

respondents own words, rather than selecting from           

pre-formulated responses. 

Operating System 
 

An intermediary between computer programs/applications 

and the computer hardware allowing the computer to 

function.  Examples include: Microsoft Windows, iOS, 

Android, and Linux.    

Paradigm 
 

A framework for thinking about research design, 

measurement analysis, and personal involvement. 

Patient-Related 

Information 

 

Any data relating to a patient, including laboratory and 

radiology results, medication lists, and progress notes. 

Pragmatism 
 

A paradigm which advocates situational responsiveness and 

orients itself towards solving practical problems in the real 

world. 
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Purposive Sampling 
 

The purposeful selection of individuals who are likely to be 

key informants on a given issue. 

Qualitative Research 
 

Qualitative research approaches aid in addressing queries of 

what, how, and why, and are generally characterised by: the 

investigation of perspectives in an endeavour to understand 

a particular matter; the conduct of research in natural 

settings or contexts; and the use of data in the form of 

words.   

Quantitative Research 
 

The numerical measurement and analysis of data. 

Reflexivity 
 

The introspection and acknowledgement of the researcher’s 

experiences and assumptions, and the manner in which 

these experiences might shape the research. 

Snowball Sampling 
 

Obtaining recommendations from participants regarding 

additional relevant informants that are knowledgeable 

about the issue being investigated. 

Software 
 

The non-tangible component of computers, including the 

operating system and computer programs/applications. 

Theoretical 

Framework 

 

A frame of reference that aids our understanding of 

phenomena by helping to explain why a set of patterns 

occurred or can be anticipated to occur. 

Transparency  
 

The explicit description of the conduct of research. 

Triangulation 
 

A cross-verification technique by using multiple: data 

sources; investigators; research methods; or theories. 



xxv 
 

 

 

The following is a list of publications and presentations that arose from the research.  A 

copy of the refereed journal article and conference poster can be found in Appendix A. 

Refereed Journal Article  

Prgomet M, Georgiou A, Westbrook J (2009) The impact of mobile handheld 

technology on hospital physicians’ work practices and patient care: a systematic review. 

Journal of the American Medical Informatics Association. 16(6): 792-801.1  

Refereed Conference Poster 

Prgomet M, Callen J, Westbrook J (2010) Selecting clinical computing hardware 

devices for hospital wards: the role of IT vendors. In: Safran C, Marin H, Reti S 

(editors). Medinfo 2010. Proceedings of the Thirteenth World Congress on Medical and 

Health Informatics. Cape Town, South Africa. IOS Press: Amsterdam. p.1551. 

Other Publications 

Prgomet M, Westbrook J, Callen J, Georgiou A (2009) Implementation and use of 

computing devices in hospitals. In: Rose C, Cox J, Caillaud C, Davis G (editors). 

Biennial Faculty of Health Sciences Research Higher Degree Student Conference. 

Lidcombe, Sydney. Faculty of Health Sciences, The University of Sydney: Sydney. 

p.61. [Abstract] 

                                                      
1  This publication has been cited in 84 articles (citation source: Google Scholar, 14 February 2014). 

 

LIST OF PUBLICATIONS 



xxvi 
 

Prgomet M (2011) Selecting clinical computing hardware devices for hospital wards. 

Annual Research Symposium. Advances in Public Health and Health Services 

Research. Kensington, Sydney. School of Public Health and Community Medicine, 

Faculty of Medicine, The University of New South Wales: Sydney. p.50. [Abstract] 

Invited Presentation 

Prgomet M (2011) The implementation and use of mobile information and 

communication technology on hospital wards. Health Informatics Society of Australia 

NSW Bi-monthly Meeting: Health Informatics Research at the Cutting Edge. 18 August 

2011. Darlinghurst, Sydney. 

 



 

1 
 

 

 

 

 

  

CHAPTER 1 

Chapter 1: Introduction 

Chapter 2: Literature Review 

Part -\. ! lethod 
Pan B: Results 
Pan C: Discussion 

Part \· Method 
Pan B: Results 
Pan C: Discussion 

Chapter 5: Discussion & Condusions 



 

2 
 

 

Chapter 1. Introduction 

1.1. Introduction 

The following chapter provides an introductory overview of the content of this thesis.  

The chapter begins by describing the broad problem area underlying the impetus for the 

research presented in the thesis.  It touches on the complex nature of health care 

delivery and the potential for technology to make health care delivery more efficient and 

effective.  It also draws attention to the need for a clearer understanding of how 

technology supports health care work practices, in order to inform decisions about the 

selection of technology, so that such benefits may be realised.  The chapter concludes by 

presenting the aim of the research and the structure of the thesis. 

1.2. Problem Description 

Health care is complex and knowledge intensive.  Some of the complexities of health 

care delivery include “the fragmented nature of health care, the large volume of 

transactions in the system, the need to integrate new scientific evidence into practice, 

and other complex information management activities” (Chaudhry et al. 2006, p.742).  

Dependence on pen, paper, and human memory has been identified as “fallible” and 

insufficient to support modern health care delivery (Australian Health Ministers' 

Advisory Council 2008).  The use of information and communication technology (ICT) 

has, therefore, been proffered as a means to meet the many challenges of growing 

INTRODUCTION 
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demand and complexity in health care (Australian Health Ministers' Advisory Council 

2008; Bates & Gawande 2003; NHS England 2013). 

The potential for ICT to have positive effects in the health care arena has long been 

asserted within the research literature.  Reports from the Agency for Healthcare 

Research and Quality (Shekelle et al. 2006), The Health Foundation (Shekelle & 

Goldzweig 2009), the National Health Service (NHS) Connecting for Health Evaluation 

Programme (Sheikh et al. 2011), and the Institute of Medicine (Institute of Medicine 

2012) point to the tremendous potential for ICT to advance the efficiency, effectiveness, 

and safety of health care delivery.  Such benefits have seen Governments, in Australia 

and around the world, make considerable investments to drive the implementation of 

ICT in health care (Anderson et al. 2006; Chantler et al. 2006; Department of Health 

2013; Department of Health and Ageing 2012a; Department of Health and Ageing 

2012b; Institute of Medicine 2012; Singer 2009).  Estimates of worldwide ICT health 

care expenditure exceeded USD$169 billion in 2009 (OECD 2010). 

While a wealth of literature speaks to the many promising facets of ICT innovations, 

there is also growing recognition of the problems associated with ICT implementations 

(Ash et al. 2007a; Bloomrosen et al. 2011; Campbell et al. 2006; Han et al. 2005; 

Harrison et al. 2007; Kaplan & Harris-Salamone 2009; Redwood et al. 2011).  Several 

studies have demonstrated that the implementation of ICT can lead to both intended 

and unanticipated changes in the delivery of care (Ash et al. 2004; Audet et al. 2005; 

Buntin et al. 2011; Embi et al. 2004; Eslami et al. 2008; Garg et al. 2005; Poon et al. 

2006; Sidorov 2006; Wachter 2006; Zhan et al. 2006).  Campbell et al. (2009; 2006) 

found that the implications of ICT on clinical work practices can include: unfavourable 

workflow issues; problems related to paper persistence; changes in work practices, such 

as altering of the pace and sequencing of clinical activities; and the provision of only 

partial support for the work practices of clinicians.     
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Unintended consequences and ICT failures are commonly attributed to inadequacies of 

the technology, bad programming, or poor implementations (Kleinke 2005; Littlejohns 

et al. 2003; van Rosse et al. 2009).  Wears and Berg (2005) argue, however, that 

difficulties in ICT implementations often arise due to insufficient understanding of the 

role of ICT in clinical work, particularly by decision-makers responsible for acquiring 

and implementing ICT.  Likewise, Holden and Karsh (2010) suggest that “the fit 

between ICT and the clinical work system will lead intended end users to accept or 

reject the ICT, use it or misuse it, to incorporate it into their routine, or work around it” 

(p.159).  Other researchers also echo this notion underscoring the need to understand 

how ICT fits into and supports health care work practices (Aarts et al. 2004; 

Ammenwerth et al. 2006; Cardno 2000; Goodhue 1998; Goodhue & Thompson 1995; 

Handel et al. 2011; Novak et al. 2012; Peute et al. 2010; Sittig et al. 2000).  The 

importance of addressing this need is that the intended benefits of ICT implementations 

may not be achieved if the capabilities of the technology are not clearly understood and 

if there is a mismatch between the selected technology and clinical work practices 

(Baldwin et al. 2007; Harkke 2006; Murphy 2008; Reddy et al. 2005; Tang & 

Carpendale 2008).   

1.2.1. Defining ICT in Health Care 

Within the scope of health care, the term “information and communication technology” 

encompasses a wide array of software and hardware technologies designed to support 

clinical information and communication needs (Health Informatics Society of Australia 

2008).  Some of the key software applications (commonly referred to as clinical 

information systems) devised to facilitate clinical functions include: patient 

administration systems (PAS); electronic medical records (EMR); medication 

management systems (MMS); decision support systems (DSS); computerised provider 

order entry (CPOE) systems; picture archiving and communication systems (PACS); 
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and radiology information systems (RIS).  These clinical software applications are 

accessible through hardware computing devices connected to a hospital’s computer 

network.  

Hardware computing devices come in many shapes and sizes but are generally classified 

into two main categories: fixed computing devices and mobile computing devices.  

Fixed computing devices are stationary and include desktop computers and wall-mount 

computers.  By contrast, mobile computing devices are moveable from location to 

location and include devices such as computer carts, laptops/notebooks/netbooks, 

tablet computers, personal digital assistants (PDAs), and smartphones.   

Mobile computing devices can be further subcategorised into portable devices and 

handheld devices (Davis 2008).  Handheld devices are generally smaller than portable 

devices and are designed to be operated whist being held by the user.  Figure 1.1 depicts 

examples of common types of fixed computing devices and Figure 1.2 depicts examples 

of common types of mobile computing devices. 

 
 

 Fixed Computing Devices   
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Figure 1.1. Examples of Common Types of Fixed Computing Devices 
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 Mobile Computing Devices   
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Figure 1.2. Examples of Common Types of Mobile Computing Devices 

 

1.2.2. Imperative for a Focus on Hardware Computing Devices 

Software and hardware technologies go hand in hand.  Software applications provide 

the means to perform data processing but this cannot be achieved without an enabling 

instrument.  Hardware computing devices act as this instrument; providing a 

mechanism by which to access software applications.  Parallel with the infiltration of 

software systems in health care has been the increasing pervasiveness of hardware 

computing devices.  Mobile computing devices, in particular, have experienced 

considerable growth in both their development and use in health care (Garritty & El 

Emam 2006; Health Information and Management Systems Society 2012; Kuziemsky et 

al. 2005; Payne et al. 2012; Visvanathan et al. 2011; West 2012). 

However, literature that investigates the use of ICT in health care has by and large 

focused on software systems.  Chaiken (2008) indicates that organisations invest 
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significant amounts of time and effort researching software systems, while the hardware 

computing devices needed to interface with the software systems are a secondary 

consideration.  He further highlights that in order to achieve optimal beneficial 

outcomes from ICT implementations it is essential to not only consider software 

systems but to ensure selection of the right hardware computing devices.  Morrison et al. 

(2011) and Murphy (2008) echo this notion, emphasising that the selection of hardware 

computing devices requires just as much attention as the selection of software systems.   

Considering that hardware computing devices play an integral part in the success of 

software implementations, the selection of hardware computing devices for use in health 

care, and how devices fit into and support clinical work practices, warrants far greater 

attention. 

1.3. Aim of Thesis 

The aim of this thesis is to contribute new knowledge about the selection of hardware 

computing devices and how they support clinical work practices, with a particular focus 

on mobile computing devices within the context of hospital settings.  This aim is 

addressed in two stages. 

The first stage of the research investigates the perspectives of individuals involved in the 

selection of hardware computing devices, for use by clinicians (doctors and nurses) on 

hospital wards, in order to determine the factors considered when selecting computing 

devices.   

The second stage of the research investigates clinicians’ use of hardware computing 

devices on hospital wards in order to ascertain how mobile computing devices support 

clinical work practices. 
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1.4. Structure of Thesis 

This thesis consists of five chapters, beginning with the present introductory chapter.  

The rest of the thesis is structured as follows: 

Chapter 2, Literature Review, presents a synthesis of key literature and identifies the 

major gaps in the knowledge base.  Included is literature relevant to both the first and 

second stages of the research. 

Chapter 3, Device Selection, describes the first stage of the research, which involved 

investigation of the selection of hardware computing devices for use on hospital wards.  

It includes three major sections: Part A outlines the method used to undertake the first 

stage of the research; Part B reports the results of the first stage of the research; and Part 

C presents the discussion relevant to the first stage of the research.   

Chapter 4, Mobile Devices and Work, describes the second stage of the research, which 

involved investigation of how mobile computing devices support clinical work practices 

on hospital wards.  As with the preceding chapter, Chapter 4 includes three major 

sections: Part A outlines the method; Part B reports the results; and Part C presents the 

discussion relevant to the second stage of the research.   

Chapter 5, Discussion and Conclusions, draws the first (Chapter 3) and second (Chapter 4) 

stages of the research together.  The chapter discusses key findings from the two 

research stages and highlights the significance and implications of the research.   

An illustration of the structure of the thesis is presented in Figure 1.3.   
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Figure 1.3. Illustrative Representation of the Structure of the Thesis   
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Chapter 2. Literature Review 

2.1. Introduction 

The preceding chapter provided an outline of the problem area underlying this thesis 

and drew attention to the need for a clearer understanding of hardware computing 

devices, how they are selected, and how they support clinical work practices.  This 

chapter delves deeper into the literature to further explore these issues, with a particular 

focus on mobile computing devices within the context of hospital settings.  In reviewing 

the existing evidence, this chapter aims to identify the gaps in current knowledge and 

presents an outline of the research required to address these gaps.  

2.2. The Mobile and Information Intensive Nature of Clinical Work in 

Hospital Settings 

Hospitals are dynamic places and clinical work in hospital environments is often 

characterised as being intensely mobile (Bardram & Bossen 2005; Coiera & Tombs 

1998; Mejia et al. 2007; Sorby et al. 2010; Svanæs et al. 2010).  Indeed, mobility is a 

central feature of health care delivery (Bardram 2005a; Moran et al. 2006b) with 

clinicians2 continuously transitioning between patients, wards, clinics, operating 

theatres, and their offices in the course of undertaking their work (Ammenwerth et al. 

2000; Bardram & Bossen 2003).  The need to attend to patients, locate co-workers, 

access information, and obtain resources, all of which might be distributed throughout 

                                                      
2  Within this thesis the term ‘clinician’ refers to doctors and nurses.  
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the hospital, necessitates this mobility (Bardram & Bossen 2003; Bardram & Bossen 

2005; Bossen 2002; Camacho et al. 2006; Moran et al. 2006).  Even while located within 

a single ward of the hospital clinicians can be highly mobile (Andersen et al. 2009; 

Cornell et al. 2010; Feufel et al. 2010; Hendrich et al. 2008; Wolf et al. 2006).  Andersen 

et al. (2009) found that doctors on wards completed ward round tasks in several 

different locations including the patient bedside, the patient room, and the corridors of 

the ward.  Likewise, nurses have been found to complete clinical tasks in varying 

locations throughout a ward including the patient bedside, the patient room, the 

medication room, the central workstation area, and the corridors of the ward (Andersen 

et al. 2009; Cornell et al. 2010).   

As well as being highly mobile, clinical work in hospital settings is also information 

intensive (Favela et al. 2007; Lærum et al. 2001; Moran et al. 2006; Reddy et al. 2005; 

Sorby et al. 2010).  Clinicians absorb, interpret, and document a wealth of information 

about their patients each and every day (Baumgart 2005; Carroll et al. 2002).  Studies 

have reported that clinicians spend up to one third of their time on information tasks, 

such as documenting, accessing, or synthesising information (Ammenwerth & Spotl 

2009; Fontaine et al. 2000; Hendrich et al. 2008; Lunin & Hersh 1995; Moran et al. 

2006; Weigl et al. 2009; Westbrook et al. 2011; Westbrook et al. 2008; Wolf et al. 2006).  

The undertaking of such information tasks is an integral aspect to the diagnosis, 

treatment, and care of patients (Baumgart 2005; Smith 1996; Wager et al. 2010).  As 

such, the need for clinicians to have timely access to information is crucial to supporting 

clinical work.   

A systematic review by Gurses and Xiao (2006), which examined the information needs 

of clinicians during ward rounds, underscored the importance for clinicians to have 

access to both patient-related information (such as laboratory and radiology results, 

medication lists, and progress notes) and clinical information (such as evidence-based 
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resources and decision support tools) in order to facilitate effective clinical decision-

making.  The review also highlighted the necessity for this information to be up-to-date.  

Other researchers have further argued that as well as being up-to-date, information 

should ideally be readily accessible to clinicians at the time and place that the need for it 

arises (Baldwin et al. 2007; Lau et al. 2006; Leape 1997; Reddy et al. 2005).  The 

validity of this argument is sustained by evidence indicating that two of the key factors 

inhibiting use of clinical information include lack of time and ease of access (Cook et al. 

2013; Davies 2007; Gosling et al. 2003; Sackett & Straus 1998; Westbrook et al. 2005).  

Furthermore, a seminal systematic review of seventy randomised controlled trials 

(RCTs) identified that the provision of decision support at the time and location of 

clinical decision-making was a significant predictor of improved clinical practice 

(Kawamoto et al. 2005). 

As clinical work is largely mobile in nature the locations in which clinical decisions are 

made and information needs may arise are in effect distributed throughout the hospital.  

Not only is work completed in different locations but clinicians are also said to 

undertake work whilst they are in transit from one location to the next and, hence, need 

“to move about and have access to resources…at the same time” (Bardram & Bossen 

2005, p.134).  The challenge that therefore emerges is how to provide clinicians with 

access to up-to-date information, at the time and place of need, in order to support 

efficient and effective clinical work practices.  The following sections describe the 

characteristics of paper and hardware computing devices, and evaluate their ability to 

meet this challenge.    

2.3. Paper and its Ability to Support Clinical Work 

Paper, including paper-based medical records and paper resources such as textbooks, 

has long been used in health care.  Paper remains resilient because it provides a number 
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of affordances, including: tangibility, spatial flexibility, tailorability, and manipulability 

(Sellen & Harper 2002).  In other words, paper can be physically handled and quickly 

flicked through; it can be spread out on a table so that multiple aspects can be viewed at 

the same time; it can be easily annotated and scribbled on; and it can be arranged in 

various ways to suit the needs of the user (Dahl et al. 2006; Luff & Heath 1998; Sellen & 

Harper 2002).  Additionally, paper-based medical records can be dismantled to allow 

them to be rearranged or shared with collocated colleagues (Dahl et al. 2006; Luff & 

Heath 1998).  Luff and Heath (1998) and Fitzpatrick (2000) suggest a further attribute of 

paper’s success lies in its mobility: paper can be carried from one location to another so 

that it may be utilised for accessing or documenting information when and where it is 

needed, including whilst the clinician is in transit.  This mobility is well suited to the 

mobile nature of clinical work practices.     

Some of the above benefits, however, also lend themselves to shortcomings.  Paper may 

be mobile and tangible but clinicians are limited in the amount and type of paper they 

can feasibly carry (Berner et al. 2006; Rudkin et al. 2006).  As Bardram and Bossen 

(2003) assert “it is impossible for clinicians to carry with them all the records and 

documents for the different patients they are treating” (p.367).  Paper-based medical 

records are also limited by inefficient retrieval processes (Bardram & Bossen 2005), 

competing accessibility amongst clinicians (Bardram & Bossen 2003; Grasso & Genest 

2001), and a lack of simultaneous access from remote locations or by spatially 

distributed users (Dahl et al. 2006).  As such, the paper-based medical record, and thus 

the information it contains, may not be available or accessible to clinicians at the time 

and place in which it is needed.  These drawbacks are largely due to the fact that “the 

paper medium and the information it contains are inseparable” (Dahl et al. 2006, p.e2).  

That is to say, the information amassed within the paper-based medical record is bound 

to the paper on which it is documented, which makes the sharing of this information 

difficult.  As there is usually only one copy of each patient’s paper-based medical record, 
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it also means that should a record be misplaced or destroyed the information held on 

that paper would be lost.  Dahl et al. (2006) further highlight that the information 

documented on paper is inflexible and cannot easily be reformatted, revised, or 

transferred into other documents.  In addition, the accelerating rate with which new 

clinical information is emerging means that paper-based resources are unlikely to be up-

to-date and, thus, the information they contain may not be reliable (Hersh 2009; Smith 

1996; Taylor 2006). 

Given the shortcomings of paper, and the information intensive nature of health care, 

there has been increasing recognition that paper-based systems do not adequately meet 

the challenge of supporting efficient and effective clinical work practices (Australian 

Health Ministers' Advisory Council 2008; Blois & Shortliffe 1990; Chaudhry et al. 2006; 

Sheikh et al. 2011).  As stated in the Bulletin of the World Health Organization “the 

volume and complexity of knowledge and information have outstripped the ability of 

health professionals to function optimally without the support of information 

management tools” (Kwankam 2004, p.800).  This recognition has led to demands for 

new approaches to provide clinicians with up-to-date information in real-time.  It has 

also served as a catalyst for the shift from paper-based practices to computer-based 

practices based on the notion that many of the limitations of paper could potentially be 

addressed by computing devices.   

2.4. Computing Devices and Their Ability to Support Clinical Work 

Hardware computing devices first made their way into the health care environment in 

the late 1950s (Hannah et al. 2006; Hannan 1991; Kaplan 1995).  They were primarily 

used for administrative purposes, such as payroll and patient charges (Hannah et al. 

2006).  By today’s standards these initial computing devices were bulky, stand-alone 

systems, with limited functionality.  Nonetheless, farsighted medical computing experts 
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of the time expressed optimism about the future potential of computing devices.  

According to Kaplan (1995), it was perceived that computers would provide the means 

to improve clinical practice and aid in the retrieval of clinical information.  

As computing devices have evolved they have significantly decreased in size while, at 

the same time, becoming more powerful; enabling fast processing and storage of vast 

amounts of information.  In fact, many of the mobile computing devices of today are 

more powerful than the fixed computing devices of just a couple of decades ago 

(Shortliffe 2005).  In addition, the development of networking technologies has allowed 

computing devices to be linked to one another so that information can be shared and 

accessed remotely (Hannah et al. 2006).  The advent of the internet has also enabled the 

instantaneous exchange of information amongst users, be they on opposite ends of the 

hospital or opposite ends of the globe.   

Present day hardware computing devices have several advantages over paper-based 

medical records and resources, including easy storage, searching, retrieval, accessing, 

and sharing of legible information (Dahl et al. 2006; Sellen & Harper 2002).  

Additionally, computing devices allow for the amendment and updating of information 

and, unlike paper, information can easily be reformatted and exported into other 

documents.  Sellen and Harper (2002) characterise computing devices as being dynamic 

in that they allow the viewing of moving images and provide a means to easily link 

related information, such as through hyperlinks.  Computing devices also allow the 

manipulation of images, for example, altering the contrast or brightness of a radiology 

image (Creswick et al. 2011).  These attributes are common across both fixed and 

mobile computing devices; however, each category of computing device has its own 

strengths and weaknesses. 
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2.4.1. Fixed Computing Devices 

Fixed computing devices, such as desktop computers, have several beneficial features.  

Their main attribute is that they have a large storage capacity and a fast processor 

(Davis 2008).  Data input into fixed computing devices in generally performed via a 

keyboard and displayed on a relatively large screen (screen sizes range from 

approximately 15-inches to 24-inches).  The large screen allows for several documents or 

windows to be opened and placed into view at the same time; although it is argued by 

some that spreading paper out on a desk is, nonetheless, easier (Sellen & Harper 2002).   

The reported limitations of fixed computing devices include that they are static 

(Bardram & Bossen 2003; Luff & Heath 1998) and consume valuable space in the 

location that they are stationed (Ammenwerth et al. 2000; Davis 2008).  This immobility 

requires clinicians to be present at the location of the fixed computing device in order to 

electronically document or access information (Baldwin et al. 2007; Bardram & Bossen 

2005; Luff et al. 1992; Tang & Carpendale 2008).  When this location is not at the point 

where information needs arise, clinicians are required to walk back and forth from the 

point of information need to the location of the fixed computing device in order to 

access information; a process that is not conducive to efficient clinical work practices 

(Cheng et al. 2003; Embi et al. 2004; Kushniruk et al. 2006; McCord et al. 2007).  A 

number of studies have found the documentation of test orders on desktop computers, 

located away from the patient bedside, to be substantially more time consuming than 

the documentation of test orders on paper (Bates et al. 1994; Shu et al. 2001; Tierney et 

al. 1993).  Hence, while clinicians have reported information to be more accessible when 

available electronically than when it is on paper, they have also reported a lack of 

computing devices in the locations that information is needed to be problematic (Bond 

2007; Callen et al. 2013a; Kossman & Scheidenhelm 2008; Lærum et al. 2004).  Such 

findings reveal that a lack of fit between clinical work practices and the capabilities of 
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the technology can hinder the attainment of the intended benefits of technology 

implementation (Baldwin et al. 2007; Harkke 2006; Reddy et al. 2005).  In other words, 

while the introduction of hardware computing devices is intended to support clinical 

work practices, fixed computing devices have not completely delivered on this promise 

as they constrain the work practices of clinicians by mandating where information can 

be accessed or documented.  The emergence of mobile computing devices has, 

therefore, brought with it expectation that the challenge of supporting efficient and 

effective clinical work practices will be better met due to their inherently mobile nature.   

2.4.2. Mobile Computing Devices 

Mobile computing devices, such as computer carts, tablet computers, smartphones, and 

personal digital assistants (PDAs), have been advocated as a means to overcome the 

immobile nature of fixed computing devices (Al-Ubaydli 2004; Gandsas et al. 2004).  As 

reported by Alsos (2011):  

“Since the advent of handheld computers, it has been assumed that such devices will 

become of great value to health care personnel.  The prospect of bedside computing devices 

opens up the possibility of instant access to up-to-date knowledge sources as well as to 

patient records” (p.190).   

The key virtue of mobile computing devices is often cited to be their inherent mobility, 

which allows them to be utilised where and when they are needed (Carroll et al. 2001; 

Dahl et al. 2006; Lu et al. 2005).  Advancements in mobile technology have also made it 

possible to wirelessly connect mobile computing devices to a hospital’s network so that 

real-time patient data can be electronically accessed and documented at the point of 

need (Carter 2008).  
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However, the ease of documenting and accessing information on a mobile computing 

device can vary depending on the type of device (Fischer et al. 2003; Lu et al. 2003).  

The screen size of a mobile computing device can range from as small as 2.4-inches for a 

handheld device, such as that of a smartphone (Milian 2010), to around 17-inches for a 

portable device, such as that of a laptop (Strickland 2009); whilst data input mechanisms 

can include a keyboard, keypad, stylus, and/or touchscreen.  Commonly cited 

limitations of mobile computing devices, particularly handheld devices, include usability 

issues related to small screen sizes (Arshad et al. 2003; Carroll et al. 2002; Chang et al. 

2009; Lu et al. 2003; Moran et al. 2006; Thomas et al. 2001) and input mechanisms 

(Carroll et al. 2002; Fischer et al. 2003; Lu et al. 2003; Moran et al. 2006).  Additionally, 

as mobile computing devices are not tied to one location, they largely rely on an inbuilt 

battery, and thus inadequate battery life can also be a limitation (Bullard et al. 2004; Lu 

et al. 2003; Oder et al. 2010).   

Despite their limitations there has been great enthusiasm for mobile computing devices.  

They have been heralded as a device that can potentially provide a best of both worlds 

solution; combining the mobility of paper with the expeditious data processing of fixed 

computing devices.  But is there evidence to substantiate assumptions that mobile 

computing devices will support clinical work practices by allowing information to be 

accessed and documented at the time and place of need?  The following sections 

examine the available evidence regarding the use of mobile computing devices in 

hospital settings and their impact on clinical work practices.  

2.5. Existing Reviews of Mobile Computing Devices in Health Care 

The scope of existing literature pertaining to mobile computing is incredibly broad, 

encompassing discussion of the application of mobile computing devices within a wide 
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range of settings and for a diverse range of potential uses.  With regard to health care, 

several reviews have been published that summarise much of the literature relating to:  

 the technical features and functionality of mobile computing devices (Baumgart 

2005; Fischer et al. 2003; Klasnja & Pratt 2012; Lu et al. 2005; Orwat et al. 2008);  

 the adoption rates and primary users of mobile computing devices (Garritty & El 

Emam 2006; Kho et al. 2006; Kuziemsky et al. 2005; Lindquist et al. 2008;            

Lu et al. 2005; Orwat et al. 2008);  

 the barriers to the adoption of mobile computing devices (Kuziemsky et al. 2005;  

Lu et al. 2005; Martins & Jones 2005a);  

 the potential uses of mobile computing devices (Baumgart 2005; Dale et al. 2007; 

Fischer et al. 2003; Free et al. 2013; Garritty & El Emam 2006; Kho et al. 2006; 

Kuziemsky et al. 2005; Lindquist et al. 2008; Lu et al. 2005; Mosa et al. 2012; 

Ozdalga et al. 2012); and  

 the potential benefit or impact of mobile computing devices (Free et al. 2013; 

Kuziemsky et al. 2005; Lindquist et al. 2008a; Lu et al. 2005; Martins & Jones 2004; 

Martins & Jones 2005a).   

The above reviews reported the potential uses of mobile computing devices to include: 

administrative activities (e.g., billing, scheduling); clinical activities (e.g., patient 

tracking, prescribing); documentation and access to patient information; access to 

decision support (e.g., clinical and drug references); communication; and education and 

research.  The benefits of mobile computing devices advocated by the reviews included: 

enhanced productivity and efficiency; improved communication; error reduction; and 

increased information accessibility.  Although these reviews synthesised a vast amount 

of information about mobile computing devices, several highlighted that their synthesis 
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was largely based on anecdotal information and that empirical evidence about the use 

and impact of mobile computing devices was relatively limited (Dale et al. 2007; Fischer 

et al. 2003; Kho et al. 2006; Kuziemsky et al. 2005; Martins & Jones 2004).  As stated 

by Dale et al. (2007):  

“Some of the claims made in the literature are not necessarily supported by empirical 

data, but may be a result of a somewhat unbridled enthusiasm for the technology 

examined…some of the claims made are beyond what the concrete empirical evidence 

supports” (p.13). 

Further, in their review, Kuziemsky et al. (2005) specified that the impact of mobile 

computing devices on clinical work practices is an area of particular importance 

requiring greater evidence through rigorous empirical investigation.  The authors 

indicate that such evidence is needed in order to substantiate why mobile computing 

devices should be adopted and used within health care. 

2.6. Impact of Mobile Computing Devices on Clinical Work in Hospital 

Settings 

In order to ascertain the level of existing evidence regarding the impact of mobile 

computing devices on clinical work practices both quantitative and qualitative literature 

were sought.  In line with the focus of this thesis, the scope of the literature search was 

limited to studies conducted in hospital settings.  The findings from these quantitative 

and qualitative studies were categorised into one of three key themes:  

 rapid response (i.e., allowing clinicians to identify patient needs, provide prompt 

intervention, and improve modes of communication);  
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 error prevention (i.e., providing clinicians with readily accessible resources and 

decision support tools, and providing use at the point of care to eliminate illegibility 

and decrease transcription errors); and  

 data management and accessibility (i.e., enabling clinicians to access up-to-date patient 

information at the point of care to assist with monitoring and documentation).   

These key themes represent areas in which researchers have suggested that the use of 

mobile computing devices could have positive impacts on clinical work practices (Bates 

& Gawande 2003; Martins & Jones 2005b).  The identified literature was also assessed 

using a “mobility aspects” framework (described below) in order to determine how 

mobile computing devices support clinical work practices.   

Mobility Aspects Framework  

In their review on the use of mobile computing devices, Martins and Jones (2005a) 

found that literature imparted “very poor descriptions of the mobility aspects of work 

practices, limiting the insight they offer on workflow mobility” (p.131).  To clearly 

understand how mobile computing devices support clinical work it was necessary to 

attempt to discern these “mobility aspects.”  As such, research by Bardram (1997) was 

utilised in the present study as a foundation upon which to develop a framework to 

explore the “mobility aspects” of the impact of mobile computing devices.   

Bardram (1997) employed core concepts from Activity Theory (conceptualised by 

Vygotskij (1978) and Leontjev (1978; 1981)) in order to better understand work and the 

use of computers.  Part of these core concepts included: levels of activity, which explain 

why an activity is being carried out; levels of action, which describe what is being done; 

and levels of operation, which examine how an activity is achieved.   
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Within the present study the concepts of what is being done and how it is achieved were 

adopted and the notions of who, when, and where were added to form a “mobility 

aspects” framework.  This framework was utilised to appraise whether the identified 

studies looked at the impact of mobile computing devices in terms of changes in:  

 who is undertaking an activity;  

 what resources support undertaking an activity;  

 when the activity is performed;  

 where the activity is performed; or  

 how the activity is performed. 

2.6.1. Quantitative Studies on the Impact of Mobile Computing Devices 

on Clinical Work Practices 

Eighteen studies, published between 1998 and 2012, that quantified the impact of 

mobile computing devices on hospital clinicians work practices were identified.  Three 

of these studies examined the use of mobile computing devices to facilitate rapid 

response; seven studies looked at error prevention; and eight studies examined data 

management and accessibility. 

2.6.1.1. Mobile Computing Devices Facilitating Rapid Response 

Three studies were identified that assessed the use of mobile computing devices as a 

means to help clinicians respond to clinical situations in a timely manner.  Adams et al. 

(2006) and Clemmensen et al. (2005) examined the use of mobile computing devices to 

aid in providing prompt treatment, while Aziz et al. (2005) examined the use of mobile 

computing devices for enhancing inter-professional communication. 
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Prompt Treatment  

Adams et al. (2006) and Clemmensen et al. (2005) investigated the feasibility of wireless 

transmission of electrocardiograms (ECGs) to a cardiologist’s mobile computing device 

(a PDA) to enable earlier notification, assessment, and interpretation of ECGs and, 

thus, faster treatment.  Adams et al. (2006) obtained 17-months of pre-intervention data 

during which time 48 patients with acute coronary occlusion were transported to the 

study site by emergency medical services.  The pre-intervention data were compared 

with 24-months of intervention data, during which time 24 patients with successful 

transmission of pre-hospital ECGs were transported by emergency medical services.  In 

19 cases pre-hospital transmission of ECGs failed and, thus, this group were used as 

concurrent controls alongside 101 patients who self-transported to the Emergency 

Department (ED) during the intervention phase.  In the intervention phase pre-hospital 

ECGs were transmitted to a desktop computer located at the study site.  This allowed 

the ED nurses to forward the ECG images to a cardiologist’s PDA.  The findings 

demonstrated a significantly shorter median door-to-treatment time with successful 

ECG transmission (50 minutes) compared with: the pre-intervention time (101 minutes; 

p<0.0001); patients who self-transported (96 minutes; p<0.0001); and patients with 

failed ECG transmission (78 minutes; p<0.0001).  The authors concluded that 

transmitting ECGs to a cardiologist enabled earlier notification and decreased time to 

treatment.   

Similar findings were demonstrated by Clemmensen et al. (2005).  The authors obtained 

15-months of data during which time 408 pre-hospital ECGs were transmitted to a 

desktop computer at the study site and simultaneously to a cardiologist’s PDA.  The 

cardiologist subsequently notified ambulance personnel as to whether the patient needed 

to be redirected to a hospital with invasive facilities for coronary intervention (113 

patients).  Results showed that there was a substantial reduction of 54 minutes in door-
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to-treatment times for coronary intervention patients compared with historical controls 

from a previous study by Andersen et al. (2003) (average time of 40 minutes compared 

with 94 minutes respectively; p<0.01).  

Although both Adams et al. (2006) and Clemmensen et al. (2005) showed improved 

door-to-treatment times with the wireless transmission of ECGs, neither study explicitly 

discussed the benefit that the mobility of the computing devices had on the study 

outcomes.  For example, whether cardiologists actually utilised mobile computing 

devices or fixed computing devices to review the ECGs, where, and which device 

provided faster response times were not examined.  As such, the benefit of mobile 

computing devices over fixed devices was not clearly distinguished.  Applying the 

mobility aspects framework, the impact of mobile computing devices on clinicians’ work 

practices in these studies focused on when investigatory images were accessible by the 

clinician to allow treatment to be planned or initiated.  The extent to which mobile 

computing devices supported easier and more frequent access to information from 

different work locations, or the effects of this, were not discussed within these studies. 

Communication 

Aziz et al. (2005) examined the use of mobile computing devices (PDAs) to facilitate 

inter-professional communication.  A team of nine doctors were given, on alternate 

weeks during the six-week study period, either a PDA with mobile phone functionality 

or the use of a conventional pager.  Comparisons in communication efficiency were 

assessed by measuring call response times for random calls initiated by the researchers.  

Doctors were given a five-minute response interval, after which it was considered that 

they had failed to respond.  The results indicated that average response times were lower 

and failures to respond occurred less often with use of the PDA compared with the 

conventional pager (RR 0.44; 95% CI 0.20–0.93).  The authors suggested that the 
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mobile phone functionality of the PDA overcame the limitation of conventional pagers 

where clinicians need to locate an available phone to return a call.  However, as 

acknowledged by the authors, the actual location in which the PDAs were used 

compared with the location in which conventional pagers were used was not examined 

in the study.  The impact of mobile computing devices on clinicians’ work practices in 

the study focused on when a clinician was able to respond to a call.   

2.6.1.2. Mobile Computing Devices Facilitating Error Prevention  

Several studies were identified that investigated the use of mobile computing devices to 

facilitate informed patient care decisions and reduce errors.  Three studies (Bullard et al. 

2004; Rudkin et al. 2006; Sackett & Straus 1998) assessed the impact of accessibility to 

evidence via mobile computing devices on patient care decisions; two studies (Berner et 

al. 2006; Sintchenko et al. 2005) examined the impact of a decision support system 

(DSS) on prescribing practices; and two studies (Grasso et al. 2002; Shannon et al. 2006) 

assessed the use of mobile computing devices for electronically generating medication 

lists or prescriptions. 

Evidence-Based Care 

Based on the premise that clinicians require evidence to make effective patient care 

decisions, Sackett and Straus (1998), Rudkin et al. (2006), and Bullard et al. (2004) 

examined whether the use of mobile computing devices supported accessibility to 

clinical information during care delivery.  Sackett and Straus (1998) investigated the use 

of an “evidence cart” amongst a team of 18 doctors during one-month of ward round 

observations.  The evidence cart consisted of a mobile computing device (a computer 

cart) which provided accessibility to electronic evidence-based resources via compact 

discs and which was also used as a means to store paper-based resources.  The authors 

indicated that, although the computer cart was meant to provide portability, the doctors 
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found it too bulky to take to the patient bedside.  Nonetheless, the findings indicated 

that the evidence cart was used to conduct 98 searches for evidence.  Seventy-nine (81%) 

of these searches were for evidence that could affect diagnostic and/or treatment 

decisions of which 71 (90%) were successful: 37 (52%) successful searches confirmed a 

tentative diagnostic or treatment decision; 18 (25%) led to a new diagnostic or treatment 

decision; and 16 (23%) led to a corrected diagnostic or treatment decision.  Both paper-

based and electronic resources were used to conduct evidence searches.  When the 

evidence cart was removed from the ward, the authors observed 41 instances when 

evidence was required but it was actively sought in only 5 of these instances.   

Rudkin et al. (2006) also investigated the use of electronic and paper-based resources 

and their impact on the rate of change in patient management decisions.  Thirty doctors 

were observed on two occasions: once while using electronic resources on a mobile 

computing device (a PDA) and once while using paper-based resources.  Doctors were 

observed accessing electronic resources (n=181) more often than paper-based resources 

(n=131) (OR 1.99; 95% CI 1.41–2.80).  The average time it took doctors to access 

electronic resources and paper-based resources was similar (9.39±1.4 seconds and 

9.4±1.4 seconds respectively).  However, access times only reflected the time it took to 

find the necessary information within the relevant resource.  The time it took for doctors 

to locate and obtain paper-based resources that were not available at the point of need 

was not recorded.  The rate of change in patient management was significantly higher 

with the use of electronic resources (29.8% compared with 17.6%; OR 2.00; 95% CI 

1.11–3.60), particularly for changes in drug type (21.5% compared with 13.0%; OR 1.84; 

95% CI 0.95–3.59).  The authors suggested that this result may be due to differences 

between the levels of information available via electronic resources and paper-based 

resources such as drug interaction information, which was not available via the paper-

based resource. 
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Bullard et al. (2004) assessed the frequency with which doctors accessed clinical practice 

guidelines on a mobile computing device (a computer cart) compared with a desktop 

computer.  Ten ED doctors each undertook five shifts using a computer cart and five 

shifts using a desktop computer.  The doctors perceived that their use of guidelines was 

more frequent with the computer cart than the desktop computer (mean rating 4.1 

versus 3.5; p=0.03).  A database audit confirmed this perception, demonstrating 

significantly higher use of guidelines during shifts when the computer cart was used 

compared with shifts when the desktop computer was used (mean 3.6 versus 2.0; 

p=0.033).  The authors concluded that use of the computer cart allowed doctors to 

access information at the bedside and use guidelines more frequently.  However, 

whether computer carts were actually used at the bedside was not assessed in the study. 

The above studies indicated that clinicians utilised mobile computing devices to access 

evidence more frequently than paper-based resources (Rudkin et al. 2006) and fixed 

computing devices (Bullard et al. 2004), and that accessibility to evidence influenced 

patient management decisions (Rudkin et al. 2006; Sackett & Straus 1998).  However, 

the studies did not explicitly discuss where clinicians utilised mobile computing devices 

to access evidence.  As such, the specific benefits of mobile computing devices were not 

clearly distinguished.  The impact of mobile computing devices on clinicians’ work 

practices predominantly focused on how clinicians were able to access information.   

Decision Support 

Berner et al. (2006) and Sintchenko et al. (2005) conducted studies where the use of a 

DSS, via mobile computing devices, was designed to improve care by reducing unsafe or 

unnecessary prescribing.  Within the studies, mobile computing devices were introduced 

primarily for use as a source of information and decision support at the clinician’s 

discretion, with documentation and prescribing carried out separately.   
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Berner et al. (2006) evaluated the effectiveness of a DSS on the prescribing safety of non-

steroidal anti-inflammatory drugs (NSAIDs).  Thirty-one doctors were assigned to an 

intervention group and 28 to a control group.  All doctors were given mobile computing 

devices (PDAs) with which they could access the DSS; but the intervention group 

received an additional NSAID-related risk assessment decision rule with real-time 

treatment recommendations.  Standardised patients, trained to portray clinical 

conditions that could result in adverse outcomes with inappropriate NSAID 

prescription, presented to each participating doctor at least once during the six-months 

of baseline data collection and once during the eight-month follow-up period.  Safe and 

unsafe prescribing, and documentation of key risk factors, was determined through chart 

review.  The findings showed that at baseline unsafe prescribing was similar for the 

intervention and control groups (mean proportion of unsafe prescribing cases per doctor 

was 0.27 and 0.29 respectively; p>0.05).  Introduction of the intervention rule 

significantly affected error rates (0.23 cases per doctor in the intervention group 

compared with 0.45 in the control group; p<0.05).  However, this was attributed to 

performance degradation in the control group rather than a substantial improvement in 

the intervention group, whose performance remained relatively constant.  The authors 

also noted a significant association between obtaining key risk factors, which were 

documented more frequently in the intervention group, and safe prescribing.  An 

interesting finding was that patients reported minimal use of PDAs in their presence.  

The authors suggested that doctors may have utilised the PDAs outside of the patient’s 

room, however, they also acknowledged that the absence of reliable data regarding how 

doctors actually used the PDAs and DSS was a limitation of the study. 

Sintchenko et al. (2005) also assessed the impact of a DSS, accessible via a mobile 

computing device (a PDA), on patient management.  During the six-month study period 

12 doctors were provided with PDAs that contained a locally developed DSS.  The rate 

of DSS use during the intervention period was compared with six-months of historical 
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data during which no computerised DSS was available.  The findings showed that the 

DSS was used 674 times (an average of four times per day) during the study period.  A 

significant difference was observed in the number of antibiotics used with the             

pre-intervention consumption rate of 1,925 defined daily doses per 1,000 patient days 

decreasing to 1,606 defined daily doses per 1,000 patient days in the intervention period 

(p=0.04).  The authors suggested that despite the infrequent use of the DSS (relative to 

the number of prescribing decisions that doctor’s make on a daily basis) accessibility to 

additional information can lead to improvements in clinical decisions.  However, the 

authors highlighted that they were unable to identify the specific contributions of using a 

mobile computing device over a fixed computing device to the study results.  

Amongst the above studies by Berner et al. (2006) and Sintchenko et al. (2005) the 

impact of mobile computing devices on clinicians’ work practices primarily related to 

what information is accessible by clinicians to help inform patient care decisions. 

Medication Safety 

Grasso et al. (2002) and Shannon et al. (2006) both conducted studies with the aim of 

examining the use of mobile computing devices for the documentation of medications.  

Grasso et al. (2002) compared error rates in discharge medication lists when nurses 

transcribed doctors’ handwritten medication orders with those occurring when doctors 

directly entered medication orders onto a mobile computing device (a PDA).  The 110 

transcribed discharge medication lists and the 90 electronically generated discharge 

medication lists were retrospectively reviewed for errors by a pharmacist.  The findings 

showed significantly fewer errors with the electronically generated discharge medication 

lists compared with the transcribed discharge medication lists (8% versus 22%; p<0.05).  

The seven errors identified in the electronically generated discharge medication lists all 

involved erroneous exclusion of medications, while transcription errors were eliminated.  
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Similar results, however, could also have been achieved with the direct entry of 

medication orders into fixed computing devices. 

Medication error reduction, such as those due to illegibility, was also the impetus for a 

study by Shannon et al. (2006).  The authors aimed to increase the rate of voluntary 

electronic prescribing amongst nine ED doctors by providing them with mobile 

computing devices (PDAs) with which they could access the hospital’s clinical 

information system.  During the three-month pre-intervention period both paper-based 

prescribing and electronic prescribing via desktop computers were available.  In the one-

week intervention period the additional method of prescribing via PDAs was made 

available.  The researchers hypothesised that leaving a patient’s bedside to access a 

desktop computer and enter a prescription was inconvenient and, thus, was hindering 

the uptake of electronic prescribing.  A total of 78 pre-intervention prescriptions and 89 

intervention prescriptions were reviewed.  There was a significant increase in the 

average rate of electronic prescribing with the introduction of PDAs (64% electronic 

prescribing compared with 52% pre-intervention; p=0.03).  Of the electronic 

prescriptions generated during the intervention period, half were completed using the 

PDAs and the other half using the desktop computers.  A high degree of variability in 

the rate of electronic prescribing amongst individual doctors was found; ranging from no 

electronic prescriptions to all electronic prescriptions.  The authors examined whether a 

prior preference for handwriting paper-based prescriptions was a predictor for PDA use.  

They found that, rather than a preference for handwriting being a predictor, a prior 

preference for electronic prescribing via a desktop computer was a positive indicator for 

subsequent electronic prescribing with the PDA.  The authors further stated that 

amongst the doctors who elected to prescribe electronically, some continued to use the 

desktop computer in preference to the PDA.  The reasons for this preference were not 

investigated but the authors suggested that factors, in addition to mobility, are important 

to the adoption of electronic prescribing.     
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Both the Grasso et al. (2002) and Shannon et al. (2006) studies showed positive findings, 

with the impact of mobile computing devices on clinicians’ work practices focusing on 

who performs tasks and how medications were documented or prescribed. 

2.6.1.3. Mobile Computing Devices Facilitating Data Management and 

Accessibility 

Eight studies were identified that evaluated the use of mobile computing devices to 

facilitate the documentation of, or accessibility to, patient information during care 

delivery.  Three studies (Carroll et al. 2003; Stengel et al. 2004; VanDenKerkhof et al. 

2003) examined documentation quality; a further three studies (Chan et al. 2004; Hamid 

et al. 2010; Rodriguez et al. 2003) assessed documentation efficiency; and two studies 

(Horng et al. 2012; Park et al. 2007) examined information accessibility.   

Documentation Quality 

Stengel et al. (2004), Carroll et al. (2003), and VanDenKerkhof et al. (2003) conducted 

studies that assessed the comprehensiveness and accuracy of patient information 

documented on paper compared with electronic documentation via mobile computing 

devices.  Stengel et al. (2004) examined whether the use of mobile computing devices 

(PDAs) could have a positive impact on the quantity and quality of documentation and 

coding of patient diagnoses.  During the study a team of four doctors and two medical 

students performed either conventional paper-based documentation or electronic 

documentation via a PDA to record a patient’s history, clinical findings, and treatments.  

The documented diagnoses were then translated into standardised codes.  The coding 

process was completed manually for paper-based documentation but became automated 

with electronic documentation.  A total of 39 patients were assigned to paper-based 

documentation, while 38 patients were assigned to electronic documentation.  

Documentation via the PDA resulted in the recording of significantly more diagnoses 
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per patient compared with paper-based documentation (9 median diagnoses versus 4 

median diagnoses respectively; p<0.0001).  However, the rate of false or redundant 

codes was also higher with electronic documentation (11.7%) than paper-based 

documentation (4.5%); although this did not impact on the findings which remained 

significant even after the false codes were removed (p<0.0001).  The authors concluded 

that use of mobile computing devices increased the recording of diagnoses and 

improved the overall quality of patient records.   

Carroll et al. (2003) conducted a study in a neonatal intensive care unit (NICU) to 

determine whether the use of a mobile computing device (a PDA) to record patient 

information could reduce the prevalence of documentation discrepancies in progress 

notes.  The authors analysed 339 progress notes documented on paper and 432 progress 

notes documented on a PDA with respect to information about a patient’s weight, 

medications, and vascular lines.  A documentation discrepancy was considered as 

having occurred when the information documented on the progress note did not match 

the information noted in the nursing flow sheet, assessment sheet, or pharmacy 

medication administration record.  Documentation via the PDA resulted in significantly 

fewer documentation discrepancies of patient weight (14.4% compared with 4.4%; OR 

0.29; 95% CI 0.15–0.56).  However, there were no significant changes in the number of 

progress notes with medication discrepancies (27.7% compared with 17.1%; OR 0.63; 

95% CI 0.35–1.13) or vascular line discrepancies (33.6% compared with 36.1%; OR 

1.11; 95% CI 0.66–1.87).  Although the authors indicated that PDAs were introduced 

for point of care use, the study did not measure where doctors used the PDAs to 

document information at the point at which it was obtained or whether it was recalled 

and documented at a later stage. 

VanDenKerkhof et al. (2003) examined the use of structured pain assessment forms on a 

mobile computing device (a PDA) and compared the encounter time and 
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comprehensiveness of documentation with the existing unstructured paper-based 

process.  In the course of the three-week study period one doctor performed 100 

assessments on 44 patients using paper-based forms, where documentation was 

completed outside the patient rooms.  A further 94 assessments on 30 patients were 

performed using the PDA, where documentation was completed at the patient bedside.  

Completeness of documentation was assessed based on the frequency of recorded pain 

variables (characterisation, location, and duration of pain) and common side effects.  

The median encounter time for each patient (including chart review, patient assessment, 

and documentation) was significantly shorter with use of the PDA compared with the 

use of paper-based forms (227 seconds versus 301 seconds respectively; p<0.001).  The 

frequency of documented side effects ranged from 5%–100% for paper-based forms and 

98%–100% for recording via the PDA.  Pain variables were also more likely to be 

documented via the PDA than with the paper-based process.  The authors highlighted 

that documentation on the paper-based forms occurred after patient assessment, while 

documentation on the PDA occurred during patient assessment.  They suggested that 

the difference in the comprehensiveness of the documentation may have been due to the 

location of the recording and the structured nature of the electronic forms. 

Although the above studies demonstrated positive findings regarding the 

comprehensiveness and accuracy of documentation completed on mobile computing 

devices, only VanDenKerkhof et al. (2003) explicitly stated that the location of device 

use contributed to the study outcomes.  Thus, the impact of mobile computing devices 

on clinicians’ work practices in the VanDenKerkhof et al. (2003) study focused on where 

documentation of patient information was completed, while Stengel et al. (2004) and 

Carroll et al. (2003) focused on how documentation of patient information could be 

performed to improve data quality. 
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Documentation Efficiency 

The efficiency of documenting patient information via mobile computing devices was 

investigated by Hamid et al. (2010), Wager et al. (2010), Chan et al. (2004), and 

Rodriguez et al. (2003).  Hamid et al. (2010) examined documentation latency for vital 

signs charting and medication administration with the use of mobile computing devices; 

initially with computer carts and then with the use of tablet computers.  Documentation 

latency was defined as the interval of time between obtaining information and 

electronically documenting the information.  The study was conducted across two 

wards, a medical ward and multidisciplinary ward, and included 48 nurses.  The 

findings indicated that mean documentation latency for vital signs charting decreased 

significantly following the change from computer carts to the use of tablet computers: 

from 8 minutes to 1 minute in the medical ward, and 28 minutes to 2 minutes in the 

multidisciplinary ward (p<0.0001).  Likewise, mean documentation latency for 

medication administration also decreased significantly: from 33 minutes to 4 minutes in 

the medical ward, and 2 hours 43 minutes to 4 minutes in the multidisciplinary ward 

(p<0.0001).  The authors indicated that only 22 of the 48 nurses (45.8%) used the tablet 

computer frequently during the study.  However, there was no discussion regarding 

differences in the use of the computer carts and the tablet computers, nor an explanation 

as to the factors leading to such substantial differences in documentation latency 

between the two types of mobile computing devices examined. 

Chan et al. (2004) provided one mobile computing device (a PDA) for use amongst a 

clinical team.  The PDA was used to replace the paper-based process, where doctors 

used a paper-based form to record patient information during their rounds, which was 

subsequently manually entered into a database via a desktop computer.  Data from the 

PDA, on the other hand, were transferred through synchronisation with the desktop 

computer.  The authors designed the electronic forms and included prompts to ensure 
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all mandatory information was entered.  A sample of 60 visits documented on paper-

based forms and 68 visits documented electronically via the PDA during the three-

month study period were analysed.  The findings indicated no significant change in the 

average duration required to attend to a patient while using a PDA for documentation 

compared with paper-based documentation (7.0±2.0 minutes versus 8.8±3.2 minutes 

respectively; p=0.151).  This duration did not include the time required to electronically 

transfer data from the PDA to the desktop computer, or the time required to manually 

enter data from the paper-based form to the desktop computer, which took an average 

duration of 12 minutes.   

Documentation duration was also assessed by Rodriguez et al. (2003), who compared 

documentation via two mobile computing devices: a laptop and a PDA.  Eighteen 

nurses performed eight different data management tasks on each mobile computing 

device, with documentation completed via a keyboard for the laptop and via a stylus for 

the PDA.  The findings indicated that, overall, tasks were completed 16.6% faster on the 

laptop.  Documenting specified text as a note, documenting vital signs, and reading 

results were all completed faster on the laptop (55.3%, 5.1%, and 18% faster 

respectively).  Documenting medication administration, documenting intake/output 

data, documenting specific assessment information, and searching for vital signs data 

were all completed faster on the PDA (47.1%, 16.7%, 4.7%, and 47.5% faster 

respectively).  These findings were largely attributed to differences in the software 

applications and, thus, differences between the interface on the laptop and PDA.  

Amongst the above studies by Hamid et al. (2010), Chan et al. (2004), and Rodriguez et 

al. (2003) the impact of mobile computing devices on clinicians’ work practices 

primarily related to how the documentation of patient information could be performed 

with greater efficiency. 
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Information Accessibility 

Park et al. (2007) and Horng et al. (2012) assessed whether the use of mobile computing 

devices improved accessibility to patient information, thus increasing efficiency.  Park et 

al. (2007) examined the use of mobile computing devices (PDAs) for information 

accessibility during pre-rounds.  Seventeen doctors were provided with PDAs with 

wireless access to up-to-date patient information, including vital signs, laboratory data, 

radiological reports, medication lists, and fluid intake/output.  The doctors were 

initially observed for a four-week period, during which patient information was accessed 

on a desktop computer.  The pre-rounding time was found to significantly decrease, 

from an initial time of 50.5±15.4 minutes with the use of desktop computers to 

40.7±15.7 minutes with the use of PDAs (p=0.02).  The authors indicated that the 

PDAs freed doctors from being tied to the desktop computer and allowed them to access 

information from anywhere within the hospital, at anytime.  However, the location in 

which doctors actually utilised the PDAs to access information was not examined as 

part of the study.   

Horng et al. (2012) assessed whether accessibility to information via a mobile computing 

device (a tablet computer) decreased the time doctors spent on desktop computers.  

Thirteen doctors were provided with tablet computers, however, use was voluntary and 

doctors could elect to use either a tablet computer or a fixed computing device.  The 

participating doctors all had at least some experience with the use of mobile computing 

devices and were highly experienced with the use of desktop computers.  The findings 

showed that doctors use of tablet computers was associated with a 38 minute decrease in 

time spent per shift accessing information via a desktop computer (p<0.001).  Responses 

to a survey, administered pre and post introduction of the tablet computers, indicated 

that doctors perceived tablet computers to be useful during ward rounds to access 

laboratory information and previous patient records.  The authors suggested that 
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reducing the need to access information via a fixed computing device increased the 

potential amount of time doctors could spend at the patient bedside.  However, only 

31% of the doctors perceived that use of the tablet computers was associated with 

increased time at the patient bedside.         

Amongst the above studies by Park et al. (2007) and Horng et al. (2012) the impact of 

mobile computing devices on clinicians’ work practices primarily addressed how 

clinicians are able to access patient information. 

2.6.1.4. Summary of the Quantitative Evidence on the Impact of Mobile 

Computing Devices on Clinical Work Practices 

The preceding review of quantitative studies reveals that literature regarding the impact 

of mobile computing devices on clinicians’ work practices, while not extensive, provides 

some evidence that the use of mobile computing devices may be beneficial in supporting 

health care delivery processes by facilitating rapid response, error prevention, and data 

management and accessibility.  In the area of rapid response, Adams et al. (2006) and 

Clemmensen et al. (2005) found that enabling clinicians to receive earlier notification of 

investigatory patient information expedited treatment, while Aziz et al. (2005) 

demonstrated improved inter-professional communication with the use of mobile 

computing devices.  The literature on error prevention showed that accessibility to 

clinical evidence influenced patient management decisions (Bullard et al. 2004; Rudkin 

et al. 2006; Sackett & Straus 1998), use of DSS promoted safer prescribing (Berner et al. 

2006; Sintchenko et al. 2005), and enabling direct electronic input of medications 

eliminated transcription errors (Grasso et al. 2002).  In the area of data management 

and accessibility, the studies demonstrated improvements in the comprehensiveness and 

accuracy of documented patient information (Carroll et al. 2003; Stengel et al. 2004; 

VanDenKerkhof et al. 2003) and in the efficiency of documenting and accessing patient 
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information (Chan et al. 2004; Hamid et al. 2010; Horng et al. 2012; Park et al. 2007; 

Rodriguez et al. 2003).   

Application of the framework, to explore the mobility aspects of the impact of mobile 

computing devices on clinical work practices, illustrates that the majority of literature 

focused on changes in either when or how an activity is performed.  Studies in the area of 

rapid response all addressed when an activity is performed; studies examining error 

prevention addressed either how an activity is performed, what resources support 

undertaking an activity, or who is undertaking an activity; while studies in the area of 

data management and accessibility predominantly addressed how an activity is 

performed, with one study addressing where an activity is performed.   

Using this framework it is interesting to note that only one of the studies expressly 

observed where mobile computing device use occurred and addressed the subsequent 

impact the location of use had on the study outcomes.  Although much of the literature 

alluded to the benefit of mobility for point of care (Berner et al. 2006; Carroll et al. 2003; 

Sintchenko et al. 2005) or bedside use (Horng et al. 2012; Rudkin et al. 2006; Shannon 

et al. 2006), none of these studies specifically measured whether mobile computing 

devices were used in this manner.  Thus, in line with the findings of Martins and Jones 

(2005a), the extent to which mobile computing devices supported work practices 

because of their inherent mobility was often not clearly portrayed.  Hamid et al. (2010), 

for example, compared documentation latency with the use of computer carts and tablet 

computers and found significant differences between the two mobile computing devices.  

However, as there was no discussion regarding where the mobile computing devices 

were used, there was no clear indication as to why one mobile computing device led to 

significantly better documentation efficiency than the other.  Similarly, many of the 

studies failed to clearly delineate the benefits of providing clinicians with mobile 

computing devices over fixed computing devices.  As such, many of the reported 
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benefits could also have occurred with the use of fixed computing devices.  Sintchenko 

et al. (2005) adequately summarise the shortcomings of many studies on mobile 

computing devices when referring to their own inability “to identify the specific 

contributions of using a handheld platform over [a] fixed [device] to the results” (p.401).   

The paucity of evidence in this area highlights the need to explicitly examine where 

clinicians utilise devices in order to determine how the inherent mobility of mobile 

computing devices supports clinical work practices.  It also suggests the need for 

research that evaluates the use of both fixed and mobile computing devices in clinical 

settings in order to clearly distinguish the benefits of providing clinicians with mobile 

computing devices.   

2.6.2. Qualitative Studies on the Impact of Mobile Computing Devices on 

Clinical Work Practices 

Seven qualitative studies, published between 2004 and 2011, that investigated the 

impact of mobile computing devices on hospital clinicians work practices were 

identified.  The qualitative studies primarily utilised interviews to elicit clinicians’ 

perceptions regarding the benefits of using mobile computing devices, and/or undertook 

observations to provide descriptive explanations of the use of mobile computing devices.  

The qualitative literature largely focused on examining the areas of error prevention, 

and data management and accessibility.  No qualitative studies were identified that 

examined the area of rapid response.   

2.6.2.1. Mobile Computing Devices Facilitating Error Prevention  

Three studies (Alsos et al. 2011; Harkke 2006; McAlearney et al. 2004) were identified 

that investigated perceptions regarding whether the use of mobile computing devices 

facilitated access to clinical resources and aided in preventing errors.   
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McAlearney et al. (2004) and Harkke (2006) sought to ascertain doctors’ perspectives 

regarding the use and impact of mobile computing devices (PDAs).  McAlearney et al. 

(2004) undertook eight focus group sessions with a cohort of 54 doctors, which included 

both users (83%) and non-users of PDAs (17%).  The focus group sessions lasted 60–90 

minutes and were conducted across a range of health care settings, including a children’s 

hospital and a community hospital.  The findings from the focus groups indicated that 

doctors, who were users of PDAs, perceived that mobile computing devices provided 

them with the means to access information regarding medications at the point of need.  

They believed that the ability to access information when it was needed increased their 

productivity, as it saved them from having to locate and potentially wait in queue to use 

a fixed computing device, and improved patient care.  One doctor was quoted as saying: 

“For example, if you were talking to a patient and came across a medication that you didn’t know, 

if you didn’t have a PDA you probably wouldn’t go in the other room and look it up.  But if you 

have the PDA you can pull it out and say, oh yeah, that is a hypertensive medication” (p.1163).  

Similar perceived benefits were reported by Harkke (2006) who undertook interviews 

with 30 doctors; six of whom were hospital-based doctors, while the remainder were 

general practitioners.  The interviews were conducted between four and 10 months after 

the doctors were provided with mobile computing devices (PDAs) and, on average, 

lasted 30 minutes.  The six hospital-based doctors indicated that they conducted a large 

proportion of their work outside of their offices.  The doctors perceived that the PDAs 

supported their work practices by mobilising information, such as clinical resources, 

making information accessible at the point of need and decreasing the need to walk to a 

fixed computing device.  They reported access to a pharmaceutical database to be the 

most useful, particularly for quickly checking information such as the proper dosage of a 

medication.  The majority of doctors felt that PDAs had at least a slightly positive effect 

on speeding up work routines and reducing errors, but not on reducing working hours.    



 

42 
 

Alsos et al. (2011) conducted semi-structured interviews with 14 doctors and undertook 

observations of simulated ward rounds, during which a total of 56 patient visits were 

recorded.  For each patient visit, the doctor prescribed a new medication or changed, 

paused, or ceased an existing medication which was documented using either a mobile 

computing device (PDA) or paper-based medical record.  Doctors reported that they felt 

more confident and comfortable using paper-based medical records, nonetheless most 

doctors indicated that they preferred the PDA.  They perceived that PDAs facilitated 

error prevention as PDAs provided the means to access medication information and, 

therefore, reduced the need to rely on memorised information.  During the prescribing 

of medications, doctors were observed using PDAs to seek information regarding 

various medications prior to selecting which medication to prescribe.  Doctors expected 

that they would receive drug interaction warnings when using the PDA and highlighted 

that paper-based medical records lacked such a mechanism to detect or prevent errors.  

2.6.2.2. Mobile Computing Devices Facilitating Data Management and 

Accessibility 

Four studies were identified that investigated whether the use of mobile computing 

devices facilitated accessibility to patient information during care delivery.  Martins and 

Jones (2005b) examined doctors’ perceptions, while Fisher et al. (2006), Tang and 

Carpendale (2008), and Murphy (2008) examined nurses perceptions.  

Martins and Jones (2005b) utilised multiple qualitative methods, including 

questionnaires, interviews, and participant observations, to investigate the use of mobile 

computing devices (computer carts) by doctors on ward rounds.  The study was 

conducted five years after introduction of the computer carts, with 33 doctors from five 

ward round teams participating in the research; a quarter of which had never utilised the 

computer carts.  One doctor, from a team which did not use the computer carts, 
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perceived that laboratory reports were often not completed by the time that the team 

conducted their ward round so the computer carts were not seen to add value during the 

round.  However, a doctor from a team that did use computer carts reported that 

laboratory reports were usually completed when the team did their ward round and 

accessibility to the reports via the computer carts made things easier during the round.  

Other doctors that used the computer carts similarly felt that the carts increased 

efficiency by providing the means to access information and input urgent test orders 

during the ward round. 

Fisher et al. (2006) undertook interviews with seven nurses, two nurse unit managers, 

and the stroke liaison manager of a Neuroscience Ward.  The participants were queried 

regarding their expectations, experiences, and use of the mobile environment, which 

included two laptops, a tablet computer, a PDA, and two computer carts.  The nurse 

unit managers and stroke liaison manager, who were the initial drivers behind 

implementation of mobile computing devices on the Neuroscience Ward, were naturally 

enthusiastic supporters of technology.  It was expected that mobile computing devices 

could provide access to patient information, such as laboratory and radiology results, at 

the time of need.  As stated by one participant: “Having information you can access right 

there and then and not having to go back to the computer all the time…actually have it there at the 

bedside…I think it will be quite beneficial time management and for the patients getting their 

results a lot quicker” (p.5).  However, some nurses indicated that they had a tendency to 

leave the computer cart in one location and walk to the device, rather than taking the 

computer cart around with them.  Nurses explained that that the information available 

via the mobile computing devices was only occasionally needed and, thus, it was not 

worth bringing the mobile computing device with them.  One nurse conveyed: “There is 

no purpose in wheeling the trolley [computer cart] into the room if you are only doing random 

things on it” (p.4).     
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Likewise, Tang and Carpendale (2008),  who administered surveys to 29 nurses in the 

acute medical unit of an urban hospital a year after the implementation of mobile 

computing devices (computer carts), found that nurses reported rarely taking computer 

carts to the point of care.  The nurses perceived the computer carts to be bulky and 

clumsy, and expressed a preference for using desktop computers for accessing and 

documenting patient information.  The majority of nurses felt that completing activities 

electronically on the computer cart was too time-consuming; therefore, they would write 

information on a piece of paper and enter that information onto a desktop computer at 

the end of their shift.  In addition to issues regarding the physical characteristics of the 

computer carts, nurses reported the battery life of the carts to be suboptimal.  Nurses 

commented that it was tedious having to plug in computer carts to recharge the battery, 

which contributed to the computer carts being used in a stationary manner.  

Similar findings were also conveyed by Murphy (2008) who reported on the results of a 

survey completed by more than 650 nurses across 13 hospitals.  The majority of nurses 

perceived that mobile computing devices (computer carts) provided them with access to 

the information they needed.  However, nurses also voiced that they found the 

computer carts to be cumbersome, which they felt affected the efficiency of their 

workflow.  Many nurses described stationing the computer cart in the hallway in favour 

of taking the cart to the patient room.  An additional survey was administered following 

a 90-day pilot study in one ward where barcode scanners were added to the computer 

carts, which mandated that nurses take the computer carts into patient rooms.  Twenty-

two nurses (representing half of the ward’s nursing staff) completed the survey.  The 

nurses admitted that, prior to the implementation of the barcode scanners, they had not 

utilised the computer carts in a mobile manner.  While the nurses expressed satisfaction 

that the barcode scanners supported patient safety, they maintained that the computer 

carts were difficult to manoeuvre and that their productivity was negatively impacted.  
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2.6.2.3. Summary of the Qualitative Evidence on the Impact of Mobile 

Computing Devices on Clinical Work Practices 

The review of qualitative studies further adds to the evidence that the use of mobile 

computing devices may be beneficial in facilitating error prevention and data 

management and accessibility.  Several studies reported that clinicians perceived that 

mobile computing devices provided the means to access information; both patient-

related information and clinical resources, at the point of need (Fisher et al. 2006; 

Harkke 2006; Martins & Jones 2005b; McAlearney et al. 2004).  Two of the studies also 

highlighted that clinicians perceived that being able to access information via mobile 

computing devices would subsequently decrease the need to walk to fixed computing 

devices to access information (Harkke 2006; McAlearney et al. 2004).   

However, Fisher et al. (2006), Tang and Carpendale (2008), and Murphy (2008) 

reported that mobile computing devices were often not used in a mobile manner or at 

the point of care.  By providing some indication of where the use of mobile computing 

devices occurred, these studies drew attention to the fact that assumptions about the 

manner in which mobile computing devices will be used may not always hold true in 

practice.  As emphasised by Tang and Carpendale (2008), the mobile computing devices 

“failed to live up to its intended use as a mobile and ubiquitous information artefact” 

(p.212).  The authors concluded that mobile computing devices were not used as 

intended due to a mismatch between the technology and clinical work practices.  

Similarly, Harkke (2006) and Murphy (2008) suggested that for mobile computing 

devices to have a positive impact there needs to be a fit between the technology and 

work practices.  

These findings reinforce the need to examine the ways in which mobile computing 

devices are used in practice.  The findings also highlight that assessing the fit between 



 

46 
 

technology and work is of critical importance in determining the success of mobile 

computing devices as a tool for supporting efficient and effective clinical work practices. 

2.7. Selection of Computing Devices for Use by Clinicians on Hospital 

Wards 

The above examination of quantitative and qualitative literature, regarding the impact of 

mobile computing devices, reveals a paucity of evidence that clearly demonstrates how 

mobile computing devices support clinical work practices.  This limited evidence base 

undoubtedly poses significant challenges to decision-makers responsible for acquiring 

computing devices, particularly in light of indications that difficulties in the 

implementation of technology can arise due to insufficient understanding of the role of 

technology in clinical work (Wears & Berg 2005).  A critical question therefore emerges: 

how do decision-makers determine which devices to select in order to adequately 

support clinical work?   

In order to address this question, literature regarding the selection of hardware 

computing devices for hospital settings was sought.  While several studies examining 

decision-making processes surrounding the selection of clinical information systems 

were identified (for example, Ahmad et al. (2002); Allen (1991); Chaiken (2007); 

Cresswell et al. (2013); Damberg et al. (2009); Handel and Hackman (2010); Kushniruk 

et al. (2009); Kushniruk et al. (2010); Lorenzi et al. (2009); Mooney and Boyle (2011); 

Weathers and Esper (2013); Weiner et al. (2004)), studies discussing the selection of 

hardware computing devices proved to be far more scarce.  This scarcity of literature 

was also highlighted by Oder et al. (2010) and Murphy (2008), whose studies were 

amongst the five identified articles that addressed device selection decisions, as 

described below.   
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Oder et al.’s Examination of Device Selection   

Oder et al. (2010) reported on a case study undertaken at an academic hospital that was 

embarking on the implementation of an integrated EMR and that needed to select 

computing devices to provide clinicians with access to the new system.  The process 

involved in the selection of devices was found to entail several steps.  To begin with, an 

interdisciplinary committee, consisting of information technology (IT) specialists, and 

doctors and nurses that represented a cross-section of the hospital, was formed to make 

decisions regarding device acquisition.  The role of the IT specialists was to assess the 

ruggedness of the potential devices and to test the ability of each device to run the 

selected EMR software, while the role of the clinicians was to evaluate the fit of 

potential computing devices with clinical workflows.   

The committee began the selection process by identifying the different types of 

computing devices that were available.  Their list of potential devices included: 

computer carts, laptops, tablet computers, desktop computers, wall-mount computers, 

and PDAs.  The committee developed a list of requirements that the selected computing 

devices needed to meet, including minimal use of space/storage, ability to provide 

bedside documentation, ability to provide documentation outside of patient rooms, and 

that the devices could work within the electrical capacity of each ward.  Desktop 

computers (which were already available at central nursing stations in wards throughout 

the hospital) and wall-mount computers were eliminated from the list as the numbers 

required to facilitate bedside documentation would exceed the electrical capacity of the 

wards.  Tablet computers and PDAs were rejected because testing by the IT specialists 

revealed that the EMR software was not optimised to correctly display on a small screen 

size.  Laptops were eliminated from the list because the patient rooms lacked space to 

set down the laptop and type while still being able to face the patient.  Hence, by process 

of elimination, the committee elected to pursue computer carts.  Computer carts also 
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met the committee’s requirements in that they could be used for documentation both at 

the bedside as well as outside patient rooms.   

Upon deciding on computer carts, the committee held a trade fair for clinicians to view 

and provide feedback on the different types of computer cart models that were available.  

Two models were subsequently chosen for clinicians to test on the wards and provide 

further feedback via online surveys.  Once a specific computer cart had been selected, 

the next challenge was determining the number of carts that needed to be acquired.  The 

committee took into consideration the floor plans of each ward, the acuity of the 

patients, the clinical workflows, and the peak staffing numbers in order to calculate the 

adequate number of devices for each ward.   

While a seemingly straightforward process, additional factors emerged that influenced 

the type and number of computing devices ultimately selected.  The type of ward was 

one such factor.  Although initially rejected, wall-mount computers were acquired for 

each room of the bone marrow transplant unit in order to maintain the necessarily level 

of sterility.  Similarly, specific computing devices had to be assigned to remain in 

isolation rooms.  Clinicians’ preferences were also influential.  Inpatient psychiatry 

clinicians requested tablet computers as they perceived them to be less intrusive during 

patient encounters, while resident rounding teams wanted laptops.  Some wards had to 

be provided with a combination of computing devices as they lacked the space to either 

store the number of computer carts they ideally required or to take the computer cart to 

locations throughout the ward.  Furthermore, in order to support the influx of new 

computing devices, the electrical capacity had to be upgraded in the hospital’s older 

buildings.  Complaints from clinicians regarding unavailable or dropped wireless 

connections also resulted in the hospital having to upgrade their wireless infrastructure.    
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Senior’s Examination of Device Selection   

Similar findings to those discussed above were reported by Senior (2006) who described 

how computing devices were selected for deployment at a network of three children’s 

hospitals that were implementing an EMR.  A leadership team (consisting of the Chief 

Information Officer, Chief Financial Officer, Vice President of Clinical Operations, Vice 

President of Quality, Director of Information Services and Technology 

Implementations, Director of Clinical Informatics, and Medical Directors of 

Informatics) was formed to decide on the computing devices with which clinicians could 

access the EMR.  The potential list of devices included wall-mount computers, 

computer carts, laptops, tablet computers, and PDAs.   

In order to narrow down this list, the leadership team closely examined the existing 

paper-based workflows.  They identified that paper-based medical records were 

constantly being moved from one location to the next, and thus decided that a key 

requirement was that the selected computing device needed to mimic the mobility of 

paper.  Wall-mount computers were, therefore, eliminated from the list of potential 

devices as the team perceived that the stationary nature of wall-mounts would change 

clinicians’ workflows by forcing them to seek out a computer any time they needed to 

access or input patient information.  PDAs were also eliminated as the team discovered 

that the hospital’s EMR was not compatible with PDAs.  After examining the 

advantages and disadvantages of the remaining devices (tablet computers, laptops, and 

computer carts) the leadership team decided against laptops and tablet computers as 

they were not considered to be rugged enough for the hospital environment.  Hence, as 

was found by Oder et al. (2010), this process of elimination left the team with the option 

of computer carts. 

In order to select amongst the different types of computer cart models, the team held a 

trade fair attended by 120 clinicians chosen as champions by their respective wards.  
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The clinicians provided the leadership team with evaluation forms for each type of 

computer cart.  The leadership team then chose three computer carts, which were placed 

on each ward for a period of 24-hours for clinicians to test and provide their feedback.  

The computer cart ultimately selected, the Flo 1750 from Flo Healthcare, was based on 

user feedback and the battery life of the cart.  The leadership team decided to acquire 

one computer cart for every two beds in general wards, but opted for a 1:1 ratio for the 

intensive care unit (ICU). 

Rescorl’s Examination of Device Selection 

A study conducted by Rescorl (2006) described the process of selecting computing 

devices for the ED of a large teaching hospital.  As was identified in the above studies, 

one of the first steps was establishing a project team responsible for making the device 

selection decisions.  The project team was made up of ED leaders and representatives 

from each of the ED staffing roles (physicians, resident physicians, physician’s 

assistants, nurse practitioners, and nurses).  The project team began the selection process 

by determining the status quo of the ED.  This involved an inventory of existing 

computers, printers, and medication dispensing machines and mapping the location of 

each on a floor plan of the Department.  The project team also mapped high-use areas 

and projected future needs.  They found that space to accommodate computing devices 

was a key factor influencing their decisions, and therefore, for areas such as the central 

nursing station, the team selected desktop computers that had flat screen monitors and 

mounted the processing units below the desks.    

The project team representatives also solicited input from their respective staffing groups 

regarding the computing devices that they wanted.  Physicians, resident physicians, 

physician’s assistants, and nurse practitioners all expressed an interest in notebook 

computers, as they wanted to be able to travel from room to room with the computing 
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device.  Nurses, on the other hand, expressed an interest in computer carts.  The project 

team liaised with various vendors and obtained the requested computing devices so that 

they could be trialled and evaluated by the staff.  Nurses reported finding the computer 

carts heavy and difficult to steer, with many choosing to use the desktop computers at 

the central nursing station instead.  Laptops were therefore selected for implementation 

in the medication rooms to enable nurses to access information when obtaining 

medications from the dispensing machines.  Wall-mounts were also acquired and 

installed in the critical care rooms allowing nurses to record patient care activities.   

Wagner and Moore’s Examination of Device Selection 

Wagner and Moore (2011) reported on the device selection process undertaken at a 100-

bed hospital.  A distinction of this study, to those discussed above, was that the hospital 

already had both desktop computers in outpatient clinics and computer carts on 

inpatient wards.  However, the need for additional computing devices was identified 

because the existing computer carts required frequent repairs and were, therefore, often 

not available on the wards. 

The process began with the convening of a multi-disciplinary team (which included the 

patient safety manager, a biomedical engineering representative, an IT representative, a 

quality improvement engineer, a pharmacist, physicians, and nurses) and an assessment 

of the hospital’s existing computing devices.  The desktop computers available in the 

outpatient clinics were found to create workflow problems and, as the desktop 

computers were located in the exam rooms, clinicians would occupy some of the rooms 

to utilise the computers meaning that the rooms were unavailable for patient 

consultations.  The computer carts were reported to be difficult to manoeuvre and, 

consequently, many nurses left the carts in the hallway rather than taking them to the 

patient bedside.  It was therefore decided that tablet computers would be acquired; with 
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the project team anticipating that tablet computers would increase efficiency in the 

outpatient clinics and allow clinicians on inpatient wards to document patient 

information at the bedside.   

The device that the project team selected was the only tablet computer that had received 

Federal Drug Administration (FDA) approval, so the team opted to forgo further 

assessments of the tablet.  Instead the team visited a local hospital and several other 

health care facilities that were utilising tablet computers in order to gather information 

on how tablets were utilised in practice.  Based on their observations, the project team 

decided to purchase a smaller number of tablet computers (16 in total) to pilot within 

selected areas of the hospital, including one inpatient nursing ward, one outpatient 

clinic, and one surgical ward.   

Following a few months of use, the project team discovered that the selected computers 

did not meet their initial assumptions, with factors that the team had not considered 

affecting use of the tablet computers.  Nurses, for example, did not have a place to set 

down the tablet computers while providing care at the patient bedside.  In addition, 

nurses found the stylus mode of data entry difficult to use but also reported that the 

onscreen keyboard was not a viable option for entering information into the patient’s 

medical record.  Doctors experienced issues with the encryption software on the tablet 

computers; which required each user to be registered on the device.  The high turnover 

of residents on the selected pilot wards made sustaining registration updates difficult, so 

therefore residents did not use the tablet computers.  Most of the acquired tablet 

computers were subsequently reassigned to other Departments within the hospital (such 

as Pharmacy and Interventional Radiology) and fixed computing devices were installed 

in each patient room. 
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Murphy’s Examination of Device Selection   

Difficulties in selecting a computing device were also highlighted by Murphy (2008), 

who reported on a study within a network of 13 hospitals.  The hospitals already had 

computer carts, however, a satisfaction survey completed by 650 nurses revealed some 

issues, with nurses reporting that they found the computer carts to be cumbersome and 

that the carts negatively affected their productivity.  Nurses also reported leaving 

computer carts in the hallways rather than using them in a mobile manner.  The 

hospital, therefore, decided to re-evaluate its options.  While the selection process 

undertaken at the hospital was not described in as much detail as the above studies, the 

study nonetheless reports valuable lessons regarding device selection.   

Both fixed computing and mobile computing device options were assessed and nurses’ 

feedback regarding the different types of computing devices was sought.  Some nurses 

perceived that fixed computing devices at each patient bedside was the best option, 

while others highlighted that this would require frequent logging in and out.  Some 

nurses wanted PDAs as they could easily be carried into patient rooms.  However, 

PDAs were vetoed due to their small screen size and inability to run all of the hospital’s 

software applications.  Tablet computers were perceived to hold promise, but the lack of 

a keyboard again presented challenges with the use of the hospital’s software 

applications.  The hospital also held a trade fair where different types of computer carts 

were exhibited and further feedback was obtained from nurses who attended the fair.   

Based on the nurses’ overall feedback the hospital decided to pilot test a number of 

different options, including fixed computers, tablet computers, and computer carts with 

drawers to hold medications, in several nursing units.  The author of the study summed 

up the selection of computing devices by describing it as a “dilemma” and “a tough nut 

to crack, but one we will have to figure out” (Murphy 2008, p.9). 
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2.7.1. Summary of the Evidence Regarding Device Selection 

Each of the above studies (by Oder et al. (2010); Senior (2006); Rescorl (2006); Wagner 

and Moore (2011); and Murphy (2008)) reported a unique case study regarding the 

selection of computing devices for use by clinicians on hospital ward.  While no two 

studies undertook the exact same process in selecting devices there were several 

commonalities across the processes that each of the studies described.  Almost all of the 

studies reported: establishing a team to make the device selection decisions; identifying 

the types of computing devices that were available; assessing the different computing 

devices with certain requirements in mind; holding a trade fair or testing the computing 

devices; and obtaining input or feedback from clinical staff.  There were also some 

distinct differences amongst the described processes.  Wagner and Moore (2011) were 

the only ones to report visiting other hospitals and health care facilities to observe 

clinicians and obtain information about the use of computing devices in practice.  

Rescorl (2006) was the only one to report undertaking an inventory of existing 

computing devices and mapping their locations on a floor plan prior to deciding on 

additional computing device needs.   

An area of substantial variance amongst the studies, however, was in the types of factors 

that were considered during device selection decisions.  There were only two factors that 

were uniformly reported in all five studies: the physical characteristics of mobile 

computing devices (e.g., ruggedness, manoeuvrability) and compatibility with the 

hospital’s EMR software.  Yet, a number of additional factors were found to influence 

the selection and successful use of computing devices.  Oder et al. (2010) reported that 

the type of ward, isolation requirements, space to store or manoeuvre devices, and 

quality of the wireless network connection all influenced the type of computing devices 

that could be selected.  Furthermore, Wagner and Moore (2011) and Oder et al. (2010) 

were the only two studies to report considering the location of device use as part of their 
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selection process.  Yet, the location of devices has been highlighted as a critical factor 

affecting the use of computing devices (Bond 2007; Lærum et al. 2004).   

Overall, what is evident from the five studies reviewed above is that the selection of 

computing devices is a complex process that can be influenced by a number of different 

factors, making the selection of the right types and quantities of computing devices 

incredibly challenging.  Undoubtedly adding to this challenge is the limited evidence 

base to inform device selection decisions.  What is recognised in literature, however, is 

the importance of selecting the optimal type and number of computing devices in order 

to support clinical work (Andersen et al. 2009; Ash et al. 2005; Chaiken 2008; Martinez 

2012; Nagle 2008; Wager et al. 2010).      

These findings point to the critical need for further evidence about the various factors 

that can influence which computing devices best suit a given context in order to help 

guide device selection decisions.   

2.8. Research Gaps and Questions 

The literature reviewed and discussed in this chapter helped to identify key gaps in the 

existing knowledge base.  Examination of studies that looked at the impact of mobile 

computing devices on clinical work revealed that existing literature has a tendency to 

view the mobility of devices as inherently beneficial.  This view was largely found to be 

based on assumptions about where clinicians use mobile computing devices; often 

presumed to be the patient bedside.  While such assumptions may seem valid, there is 

some evidence to suggest that notions about the manner in which mobile computing 

devices will be used may not always hold true in practice.  What is therefore needed is 

research that examines clinicians’ actual use of mobile computing devices in order to 

clearly demonstrate how these devices support clinical work practices and in what 

circumstances mobility provides value.    
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Literature discussing device selection decisions provides further evidence that 

assumptions about the use of mobile computing devices may not be reflected in practice.  

Some of the studies identified problems with the use of mobile computing devices, 

including issues related to the computing device itself (e.g., computer carts being 

difficult to manoeuvre) and constraints related to the environment (e.g., lack of a place 

to set down a tablet computer at the patient bedside).  The fact that such issues only 

became apparent after the mobile computing devices were selected and implemented 

highlights the imperative for research that examines the factors that need to be 

considered when making decisions about the selection of computing devices for use by 

clinicians on hospital wards.   

The research presented in this thesis aims to contribute new knowledge to help address 

these critical gaps in evidence.  The research is conducted in two stages.  

Stage one investigates the perspectives of individuals involved in the selection of 

computing devices in order to answer: (1) how do decision-makers select computing 

devices and what factors do they consider when making decisions about the selection of 

devices? 

Stage two investigates clinicians’ use of computing devices on hospital wards in order to 

answers: (2) how do mobile computing devices support clinical work practices and what 

factors affect their use? 

2.9. Theoretical Framework 

A common view raised in the literature is the need to achieve fit between technology 

and clinical work in order to ensure the successful implementation and use of computers 

in health care settings.  To help investigate this notion within this present research a 

theoretical framework was adopted.  Theoretical frameworks provide a lens through 
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which to better understand phenomena (Brennan 2008).  While data, such as that 

collected through observation, aid in describing patterns of what is occurring, theory 

helps to explain why a set of patterns occurred or can be anticipated to occur (Sutton & 

Staw 1995).  In line with the views of scholars, such as Kaplan (1964) and Merton 

(1967), Sutton and Staw (1995) assert that: 

“Theory is about the connections among phenomena, a story about why acts, events, 

structure, and thoughts occur.  Theory emphasizes the nature of causal relationships, 

identifying what comes first as well as the timing of such events. Strong theory, in our 

view, delves into the underlying processes so as to understand the systematic reasons for a 

particular occurrence or non-occurrence” (p.378). 

Several theories exist that potentially provide a mechanism by which to explore the use 

of technology and the notion of fit between computing devices and work practices.  In a 

review of prominent theories utilised to explain technology usage, Kukafka et al. (2003) 

indicate that theories such as the Theory of Reasoned Action (TRA), Theory of Planned 

Behaviour (TPB), Diffusion of Innovation (DOI), and Social Cognitive Theory have 

largely been used to study relationships between attitudes and behaviours.  In contrast, 

the Technology Acceptance Model (TAM) and Task-Technology Fit (TTF) model are 

more applicable to studies aimed at understanding relationships between computer 

interactions and work (Dishaw & Strong 1999; Kukafka et al. 2003). 

The TAM (Davis 1989; Davis 1993), although not developed specifically for use in the 

health domain, has been widely used in health care to predict and explain the use and 

acceptance of technology (Holden & Karsh 2010).  The model employs the constructs of 

perceived usefulness and perceived ease of use as determinants of: attitudes towards 

using technology; intention to use technology; and the actual use of technology (Davis 

1993).  Findings from Holden and Karsh’s (2010) seminal review of TAM, and its 

application in health care literature, underscored TAM’s value as a theoretical 
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framework to assess the relationship between users and technology.  However, the 

review also points to the need for additional constructs to allow for further relationships 

to be explored.  Dishaw and Strong (1999), likewise, highlight that a weakness of TAM 

in aiding understanding of the use of technology may lie in the absence of an explicit 

construct examining tasks.  They indicate that, unlike TAM, the TTF model provides 

explicit inclusion of a task–technology construct. 

The TTF model (Goodhue 1998; Goodhue & Thompson 1995) looks at task 

characteristics and technology characteristics, which together determine task–

technology fit and influence technology utilisation.  The premise of the model is that 

technology will be used if it adequately supports the demands of a task (Goodhue & 

Thompson 1995).  In applying the TTF model to assess the fit of a picture archiving and 

communications system (PACS), Lepanto et al. (2011) concluded that “TTF is a valid 

tool to assess perceived benefits, but it is important to take into account the 

characteristics of users” (p.951).  Other researchers (Dishaw & Strong 1999; Junglas et 

al. 2009) have similarly indicated that a shortcoming of the TTF model is that it does 

not explicitly include a construct that examines user characteristics.   

While TAM focuses on the interaction between users and technology and TTF focuses 

on the interaction between tasks and technology, a recently developed framework that 

encompasses both of these interactions, as well as adding the interaction between users 

and tasks, is Ammenwerth et al.’s (2006) fit between individuals, task, and technology 

(FITT) framework.  The FITT framework was developed specifically for the health care 

domain and was based on an analysis of literature on technology adoption.  FITT posits 

that the use of technology is dependent on the fit between the attributes of the users, 

attributes of the tasks, and attributes of the technology.   
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The framework defines “users” (used interchangeably with “individuals”) as either an 

individual user or a user group.  The given examples of user attributes include: 

knowledge of the technology; motivation to execute tasks; openness to new ways of 

working; cooperation within a team; and organisational context.  “Tasks” comprise 

whole tasks or work processes (such as, nursing documentation or order entry), the 

attributes of which can include: organisation of tasks; activities and their 

interdependence; and task complexity.  “Technology” is defined as any tool required to 

execute a task; encompassing both computer-based and paper-based tools.  Examples of 

technology attributes include: usability of the tool; functionality of the tool to support a 

given task; integration of tools; and availability of tools.  Where fit between attributes of 

the users, tasks, or technology is lacking problems with the adoption of technology may 

arise (Ammenwerth et al. 2006).   

Considering the relative newness of the FITT framework, its application in the literature 

to date has not been extensive.  In the same article that described the FITT framework, 

Ammenwerth et al. (2006) undertook a retrospective analysis of a case study, which 

assessed the adoption of a nursing documentation system in a Dermatology Ward, 

Paediatric Ward, and Psychiatric Ward to test and validate FITT.  Application of the 

FITT framework was shown to facilitate understanding of the relationships between 

users, tasks, and technology, and the factors leading to either the failure of or the 

successful adoption of technology in each ward.  For example, a factor affecting overall 

fit in the Paediatric Ward was identified in the fit between tasks and technology 

dimension, whereby the unavailability of mobile computing devices or fixed computing 

devices located at the patient bedside disrupted the workflow of nurses who were 

accustomed to undertaking documentation at the patient bedside.  By pinpointing the 

issues affecting the use of technology, the FITT framework helped to determine areas 

related to users, tasks, or technology where changes could be instilled in order to 

optimise the fit between the three attributes.   
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Other researchers who have employed FITT have likewise found the framework to be 

an applicable tool for explicating factors affecting the use of technology in health care 

(Honekamp & Ostermann 2011; Schnall et al. 2012; Sheehan et al. 2012; Tsiknakis & 

Kouroubali 2009).  The majority of these studies utilised the FITT framework to assess 

clinical information systems, however, Sheehan et al. (2012) used the framework to 

assess the use of mobile computing devices.  Sheehan et al.’s (2012) study compared 

adolescent use of four different mobile computing devices (three of which were 

smartphones and one a tablet computer) for accessing health information and found that 

fit (or lack thereof) between task and technology influenced task efficiency.  Of the four 

mobile devices tested, the touchscreen smartphone (iPhone) was identified to be the 

most usable device, had the fewest number of errors, and took the least amount of time 

to undertake the task of accessing health information.  Thus, utilising the FITT 

framework allowed the researchers to determine which technology best suited the users 

for a given task.  Given that the FITT framework can aid in making such relationships 

transparent, it was adopted as the theoretical framework for the research presented in 

this thesis. 
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Chapter 3. Device Selection  

3.1. Chapter Overview 

The previous chapter provided a review of literature regarding device selection decisions 

and highlighted the limited knowledge base available to inform decision-making 

processes when selecting computing devices for use by clinicians on hospital wards.  It 

drew attention to the need for evidence about the selection of computing devices, 

particularly regarding the various factors that can influence device use.   

This chapter presents a detailed description of the first stage of the research, which 

aimed to address this need.  The chapter begins by outlining the research objectives 

relevant to this stage of the research.  The rest of the chapter is then presented as three 

distinct sections, which include: 

 Part A: Method (3.3. – 3.11.); 

 Part B: Results (3.12. – 3.19.); and 

 Part C: Discussion (3.20. – 3.26.). 

3.2. Research Objectives 

This stage of the research sought to elicit the perspectives of key individuals, involved in 

the selection of hardware computing devices for use by clinicians on hospital wards, in 

order to determine: 

DEVICE SELECTION 
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1) the process by which decisions regarding the selection of computing devices occur;  

2) the factors considered when selecting computing devices; and  

3) the anticipated impact of mobile computing devices on clinical work practices.   
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Chapter 3. Part A: Method  

3.3. Introduction 

The following section presents a description of the method that was used to conduct this 

stage of the research.  The section begins with an overview of the research setting and 

the context in which the study was conducted.  It describes the selected research design 

and paradigm that framed the conduct of the research, along with a reflexive account of 

the role of the researcher.  The sampling, data collection, and data analysis procedures 

are discussed and a justification for each choice is provided.  Strategies used to enhance 

the quality of the research approach are outlined and details of the ethical approval are 

provided.  

3.4. Research Setting 

This stage of the research was conducted within the New South Wales (NSW) public 

health system, known collectively as NSW Health.  NSW Health has the largest 

population base and highest service demands in Australia, comprising more than 220 

public hospitals and facilitating an extensive geographical area (NSW Department of 

Health 2010a).  At the time that the study was conducted (August 2009 – August 2010) 

NSW  Health  consisted  of  eight  Area Health Services, each  responsible  for  a defined  

PART A: METHOD 
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geographical area.3  Four of these Area Health Services encompassed the metropolitan 

areas of NSW and four encompassed the rural areas of NSW.  A central body, known at 

the time as the NSW Department of Health, held the responsibility of providing advice, 

state-wide planning, and direction to the Area Health Services (NSW Department of 

Health 2005).  

3.4.1. Information System Context 

In the 2009–2010 financial year the NSW Department of Health (2010a) announced “a 

record AUD$15.1 billion budget to enable continued improvements and better access in 

delivering health services and health infrastructure for NSW” (p.2).  An aspect of these 

improvements included the NSW Electronic Medical Record (EMR) program.  The 

NSW Department of Health (2010a) considered the EMR program to be “one of the 

largest clinical information system implementations outside of the USA and UK” (p.e1) 

and described the program as: 

“…a multi-stage project to progressively capture key clinical information electronically 

and provide this information at the point of care to health professionals treating their 

patients” (p.244). 

The components of the EMR program included: electronic test ordering; electronic 

results viewing; an electronic discharge referral system; an Emergency Department (ED) 

information system; and an operating theatre information system.  Implementation of 

the EMR was intended to enable clinicians to: electronically access patient information 

and clinical resources; review patient progress and order tests or treatments; review test 

results and modify patient care as required; access and utilise decision support when 

                                                      
3  NSW Health has since undergone reform, with the Area Health Services restructured as Local 

Health Districts and Specialty Networks.  The NSW Health reforms are outlined in:  
NSW Department of Health (2011a) Future Arrangements for Governance of NSW Health: Report of the 

Director-General. North Sydney, NSW: NSW Department of Health. 
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ordering tests or reviewing patient outcomes; and generate discharge summaries and 

referrals by using information in the EMR (NSW Department of Health 2011c).4   

3.4.2. Implementation of the EMR Program 

Seven, of the eight, Area Health Services were involved in the NSW EMR program.  

Within the Area Health Services, project teams were established to coordinate the 

implementation of the EMR.  The Area Health Service project teams undertook EMR 

implementation in partnership with: (a) branches of the NSW Department of Health 

responsible for eHealth initiatives; and (b) the nominated clinical software information 

technology (IT) vendor.   

Alongside implementation of the EMR clinical software, one of the major projects of 

the EMR program was an upgrade of the hardware computing devices within hospitals 

in the Area Health Services (Fuchter et al. 2008).  The Area Health Service EMR project 

teams held primary responsibility for the selection of these computing devices.  The 

selected computing devices were required to comply with the technology standards 

outlined in a NSW Health policy directive for the acquisition of IT (NSW Department 

of Health 2010b).  The policy directive aimed to establish state-wide technology 

standardisation and, as such, specified the technology that was “preferred”, 

“acceptable”, or “not allowed” to be used within NSW Health.  For example, with 

regard to operating systems, Microsoft XP Pro was classified as a “preferred” operating 

system, while Microsoft Windows 95 was classified as “not allowed.”  The policy 

directive did not specify the types of hardware computing devices that were preferable 

but did stipulate that computing devices were to be procured from IT vendors that held 

                                                      
4  Additional details about the NSW EMR program can be found at:  

NSW Department of Health (2011b) About the EMR. North Sydney, NSW: NSW Department of Health. 

Available from: http://www.emr.health.nsw.gov/about-the-emr 
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contractual agreements with the NSW Government.5  Beyond the requirements of this 

policy directive the Area Health Services could select hardware computing devices, be 

they fixed computing devices or mobile computing devices, based on determination of 

their own needs.  The process by which the selection of hardware computing devices 

occurred and the factors considered when selecting computing devices were central 

queries of this stage of the research. 

3.5. Research Design 

In order to fulfil the objectives of this stage of the research, a qualitative research design 

was employed.  A qualitative approach was deemed to be appropriate for this study as 

such approaches are useful for illuminating processes and understanding phenomena, 

while quantitative research approaches are useful for determining causes or predicting 

outcomes (Bradley et al. 2007; Denzin & Lincoln 2005; Hoepfl 1997; Kaplan & 

Maxwell 2005; Kitto et al. 2008; Polgar & Thomas 2000; Stoop & Berg 2003).   

Qualitative research approaches are generally characterised by: the investigation of 

perspectives or behaviours of individuals in an endeavour to understand a particular 

matter; the conduct of research in natural settings or contexts; and the use of data in the 

form of words (Fossey et al. 2002; Kaplan & Maxwell 2005; Pope & Mays 1995; Wallen 

& Fraenkel 2001).  The use of qualitative methods, such as interviews, observation, or 

focus groups, can provide rich descriptions of the matter being investigated (Sofaer 

1999; van Teijlingen & Forrest 2004) as they aid in addressing queries of what, how, 

and why (Ash & Guappone 2007; Kaplan & Maxwell 2005; Pope & Mays 1995; Stoop 

& Berg 2003).  Researchers have indicated that qualitative methods can provide a means 

                                                      
5  For the contractual period of May 2007 to April 2012, these hardware IT vendors included: 

Acer; ASI; Corporate Express; Dell; Fujitsu; Hewlett-Packard; Lenovo; Panasonic; Pioneer; 

Toshiba; and ToughCorp (NSW Procurement 2011). 
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to gain critical insights into complex fields such as health care (Ash & Guappone 2007; 

Bradley et al. 2007; Tong et al. 2007).   

3.5.1. Qualitative Research Paradigm  

Qualitative research methods are steeped in interpretive traditions (Denzin & Lincoln 

2005; Pope et al. 2002).  Denzin and Lincoln (2005) indicate that there are many 

interpretative paradigms that can structure qualitative research including feminism, 

Marxism, cultural studies, ethnic models, queer theory, and constructivism.  They 

describe the qualitative researcher as a “bricoleur” whose role is to employ interpretive 

practices to piece together a set of representations in order to gain a “better 

understanding of the subject matter at hand” (p.4).   

The interpretive paradigm6 elected for this stage of the research was constructivism.  In a 

constructivist paradigm understanding is created (or “constructed”) during interaction 

between the researcher and the participants (Guba & Lincoln 1994).  Lincoln and Guba 

(1985) and Appleton and Kind (1997) outline that application of the constructivist 

methodology involves: the use of purposive sampling (that is, the purposeful selection of 

informants); selection of a suitable qualitative method (for example, interviews); 

inductive data analysis; and the development of theory or a case report representative of 

what has been discovered about the phenomena studied. 

                                                      
6  The notion of paradigms was popularised by Kuhn (1962; 1970) in his book The Structure of 

Scientific Revolution. However, as discussed by Morgan (2007) the term “paradigm” lacks 

consensus regarding its meaning. It is not the intention, nor within the scope, of this thesis to 

enter into this debate; but the meaning of “paradigm” within the context of this thesis requires 

establishment. Accordingly, the term paradigm, as used within this thesis, refers to a “framework 

for thinking about research design, measurement analysis, and personal involvement” (Morgan 

2007, p.50).  
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3.5.2. Role of the Researcher  

Alongside establishing the paradigm underlying the research, qualitative approaches call 

for the researcher to reflect on their personal experiences and how these experiences 

may influence the research (Creswell 2009; Kaplan & Maxwell 2005).  As expressed by 

Denzin and Lincoln (2005), “the interpretive bricoleur understands that research is an 

interactive process shaped by his or her own personal history” (p.6).  This personal 

history, and any pre-existing assumptions that the researcher may have about the 

phenomena being studied, require explicit articulation to enhance the credibility of the 

research (Mays & Pope 2000).  

My experiences within health care research extend from 2003 to the present.  From 2003 

to 2005 I undertook an undergraduate degree in Applied Science majoring in Health 

Information Management; during which time I also commenced part-time employment 

as a data entry clerk at a research centre that evaluated care provision by General 

Practitioners in Australia.  In 2006 I completed a research project, which examined 

information and communication processes in a Microbiology Department, to 

successfully obtain first class honours in my degree.  In the same year I took up a 

position as a research assistant in the field of Health Informatics; a role which I still 

maintain.  This role has allowed me to develop my research skills and has provided me 

with exposure to the workings of the Australian health care system.   

In 2009 I commenced my PhD and began working on the present study.  Undertaking 

the literature review that informed this study afforded me with background knowledge 

on the issue and shaped the research questions, which inherently influenced the type of 

research approach that was employed.  Beyond this, I had little experience or pre-

existing assumptions about the process by which the selection of computing devices 

occurred in NSW Health.  Further, I was not known to nor had prior interaction with 

the vast majority of the study participants.  I acknowledge that this may bear some 
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impact on the level of information that the participants may have been willing to impart; 

though it is my personal impression that the study participants were quite forthcoming. 

3.6. Sampling Procedure 

In line with the constructivist methodology, purposive sampling was utilised as the 

primary sampling technique for this study.  Purposive sampling involves the purposeful 

selection of individuals who are likely to be key informants on a given issue (Fossey et 

al. 2002; Kuper et al. 2008; Patton 1990).  Alongside purposive sampling, snowball 

sampling, which involves obtaining recommendations from participants regarding 

additional relevant informants (Fossey et al. 2002; Kuper et al. 2008; Patton 1990), was 

also employed to identify pertinent individuals and invite them to participate in the 

study.  The advantage of purposive and snowball sampling is that participants are 

selected due to their knowledge about the issue being investigated and thus rich 

information can be obtained (Patton 1990).  

As outlined in the section regarding the implementation of the EMR program (section 

3.4.2.), three groups were responsible for coordinating the implementation of the EMR 

program:  

 Area Health Service project teams; 

 branches within the NSW Department of Health responsible for eHealth initiatives; 

and 

 IT vendors.   

As such, representatives from each of these three groups were sought in order to acquire 

a range of perspectives regarding the issue under investigation.  The process of 

identifying key informants from each of these groups was multi-tiered.  A flowchart of 

the sampling process is depicted in Figure 3.1.   
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Figure 3.1. Flowchart of the Sampling Process 
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Recruitment of the IT vendors occurred first and was carried out at a national industry 

conference where technology providers had converged for an industry exhibition.  I 

utilised a handbook that was distributed to all conference attendees and provided a short 

synopsis about each exhibitor, which I reviewed in order to identify relevant exhibitors.  

Exhibitors identified as IT vendors that supply hardware or software products for use by 

clinicians in hospitals were approached in person, provided with an information 

statement outlining details about the study (Appendix B.1), and invited to participate in 

the study.  The information statement also advised that the research was being 

conducted as part of my PhD.  All IT vendors that were approached agreed to take part 

in the study, or voluntarily nominated another individual from their team who they 

advised was more informed about the issue. 

To recruit individuals from the Area Health Service project teams and relevant branches 

within the NSW Department of Health, a list of prospective participants was compiled 

based on the industry knowledge of my PhD supervisors.  One of these prospective 

participants, an individual from the NSW Department of Health who was associated 

with the EMR program, was invited to take part in the study and was also consulted 

regarding further prospective participants.  An email was sent to each of the shortlisted 

prospective participants inviting them to take part in the study.  The email included a 

brief introduction to the researcher (myself) and a concise explanation about the study.  

An information statement outlining further details about the study and what 

participation entailed was attached to the email, along with a consent form for the 

individual to complete should they wish to participate in the study (Appendix B.1).  A 

follow-up email was sent in cases where a response had not been received after a period 

of two months.  If no response was received to the follow-up email, as occurred in two 

cases, the individual was considered to not be contactable.  Of the individuals that were 

invited to participate in the study, the vast majority agreed to do so.  Several of these 

individuals also recommended additional prospective participants, whom they carbon 
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copied into their responding email.  One individual felt that she was not adequately 

informed about the issue and recommended an alternative informant.  The 

recommended prospective participants were subsequently sent an email inviting them to 

take part in the study; all of whom accepted the invitation. 

The sampling process was carried out between August 2009 and August 2010, with data 

collection and data analysis undertaken concurrently.  As is common in qualitative 

research, a predetermined sample size was not established prior to the commencement 

of participant recruitment as sampling within qualitative research is usually ongoing 

until saturation is reached.  Saturation refers to the point at which no new data is 

emerging, thus making further sampling redundant (Fossey et al. 2002; Lincoln & Guba 

1985).  Therefore, although a total of 31 individuals were recruited to take part in the 

study, data was only obtained from 28 of these individuals as saturation was reached. 

3.7. Data Collection Procedure 

Data collection was conducted between August 2009 and August 2010.  For the 

purposes of this stage of the research, interviews were considered the most suitable 

qualitative method to collect data.  Brender (2005) describes interviews as being 

“particularly suited for the elucidation of individuals’ opinions, attitudes, and 

perceptions regarding phenomena” (p.142).  Interviews can be structured, semi-

structured, or in-depth.  Structured interviews are highly standardised with specific 

questions generally administered in the same order and with the same wording 

(Friedman & Wyatt 1997).  On the other end of the spectrum, in-depth interviews are 

highly unstructured with one or two key issues explored in great detail (Britten 1995; 

van Teijlingen & Forrest 2004).  Semi-structured interviews offer a middle ground.  

Unlike in-depth interviews, semi-structured interviews are usually based around a set of 

open-ended questions outlined in an interview guide (Fossey et al. 2002; Pope et al. 
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2002).  However, unlike the rigid nature of structured interviews, semi-structured 

interviews afford the flexibility to ask additional questions in order to gain clarification 

regarding a response or to pursue further information regarding unanticipated issues that 

may arise (Barriball & While 1994; Kaplan & Maxwell 2005; van Teijlingen & Forrest 

2004).  As such, semi-structured interviews were utilised for this study. 

Two interview guides were developed, one tailored to Area Health Service and NSW 

Department of Health participants (Appendix C.1) and one tailored to IT vendors 

(Appendix C.2).  Both versions of the interview guide included a core set of questions to 

allow comparison across the groups of participants.  The guides were referred to during 

interviews to ensure the same core topics were covered.  The core questions asked 

during the interviews sought to gain information about:  

 the participant’s role within their organisation and in decisions regarding the 

selection of computing devices for hospital wards;  

 the process by which decisions regarding the selection of computing devices are 

made;  

 the availability of guidelines to inform decisions regarding the selection of devices;  

 factors that are considered, or that should be considered, when making decisions 

regarding the selection of computing devices; and  

 perceptions of the impact of mobile computing devices.   

Questions were loosely adapted from an interview guide developed by Gallego et al. 

(2008), which was applied in their study examining perceptions of health technology 

decision-making.  In line with the nature of semi-structured interviews, questions were 

open-ended to allow participants to provide responses in their own words.  Additional 

questions were asked of the participants in cases where clarification of their response 
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was required or to obtain further information where unanticipated issues of interest were 

raised. 

Interviews with the participants were predominantly conducted face-to-face at the 

participants’ workplace (generally in their office or a meeting room) or, in the case of the 

IT vendors, their exhibition stand.  In three cases face-to-face interviews were not 

feasible due to the distant location of the participant, thus these individuals were 

interviewed via telephone.  All interviews were conducted by one researcher (myself) 

and were digitally recorded to allow for the precise recollection of the information 

conveyed by the participant.  Each recording was transcribed verbatim in preparation 

for data analysis. 

3.8. Analysis of Data 

Qualitative data analysis is defined by Bogdan and Biklen (1982) as:  

“Working with data, organizing it, breaking it into manageable units, synthesizing it, 

searching for patterns, discovering what is important and what is to be learned, and 

deciding what you will tell others” (p.145).  

This process can be guided by several different qualitative data analysis approaches, 

such as grounded theory (Glaser & Strauss 1967; Strauss & Corbin 1990) or 

phenomenology (Moustakas 1994; van Manen 1990), each of which has a distinct 

analytical strategy.  Grounded theory, for example, provides a systematic analytical 

framework which involves open coding, axial coding, and selective coding; the outcome 

of which is theory development with specific components including a central 

phenomenon, causal conditions, specific strategies, and consequences (Creswell 1998).  

A phenomenological analysis, on the other hand, involves horizonalization (i.e., 

division of data into statements), transformation of statements into clusters of meanings 
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or themes, and tying of transformations to create a general, textural, and structural 

description of the lived experiences of individuals (Moustakas 1994).   

The commonality across approaches such as grounded theory and phenomenology is 

that the researcher must attempt to set aside, or “bracket” (Patton 1990), any 

experiences or pre-existing notions about the phenomena being studied (Creswell 1998).  

Greenhalgh (1997), however, argues that it is “inconceivable” for a researcher to hold 

no views or ideological perspectives.  Likewise, constructivists recognise that the 

researcher’s experiences inherently influence data interpretation (Creswell 2009).  Given 

that this study was underpinned by a constructivist paradigm the general inductive 

approach to data analysis, as described by Thomas (2006), was utilised as it aligns with 

constructivist assumptions in recognising that interpretations are inevitably shaped by 

the researcher’s experiences.   

Rather than attempting to bracket experiences, the general inductive approach 

advocates the use of techniques that promote trustworthiness of the research.  One such 

technique is independent parallel coding where two (or more) researchers independently 

review the data to identify recurrent concepts or statements and develop a set of themes, 

which are then compared and merged into a coding schema.  This technique was 

employed during the general inductive analysis process, which involves: preparation of 

raw data files into a common format; close reading of the data; creation of upper-level 

categories or themes derived from the study objectives; creation of lower-level categories 

or themes emerging from the data; coding of data, which can include overlapping 

coding where a segment of data can apply to more than one theme; continuous revision 

and refinement of the themes; and selection of quotations conveying the essence of each 

theme (Thomas 2006).     
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As per the general inductive analysis process, the transcript of each interview was 

formatted in a uniform manner in preparation for data analysis.  The formatted 

transcripts were imported into, and coded using, QSR NVivo (Version 8); a software 

program that aids in the management and analysis of qualitative data.  An initial round 

of data analysis was conducted following the interviews with the IT vendors.  Two 

researcher (one of my supervisors and I) undertook independent parallel coding where 

each researcher reviewed the transcripts in depth and coded the transcripts (i.e., 

highlighted and labelled relevant segments of data) to identify themes within the data.  

Subsequent to the independent coding, the two researchers came together to compare 

and discuss the themes that each had identified and, from this discussion, a coding 

schema was developed by the researchers.  The coding schema was then used by one 

researcher (myself) to uniformly re-code all the IT vendor transcripts.   

The same coding schema was also used to code the transcript of each successive 

interview conducted with participants from the Area Health Service project teams and 

the NSW Department of Health.  Analysis occurred iteratively and when new themes 

were identified the coding schema was revised.  When new themes were no longer 

emerging from the data, indicating that saturation had been reached, the collection of 

additional data was suspended.   

Once all the data had been collected the coding scheme was once again reviewed and 

refined, by the two researchers, ensuring that the research objectives and core views 

conveyed by participants were represented by the themes.  One researcher (myself) then 

re-read and re-coded all the transcripts, in accordance with the finalised coding schema, 

and selected representative quotations for each theme for reporting in the results.  This 

process of constant review and refinement allows for meanings and interrelations to be 

explored, resulting in a greater understanding of the data (Fossey et al. 2002; Thomas 

2006). 
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3.9. Quality of the Qualitative Research Approach 

The quality of qualitative research is judged by examining issues of rigor and credibility 

(Kitto et al. 2008).  The rigor and credibility (often also referred to as trustworthiness) of 

qualitative research approaches can be strengthened through the use of strategies such as 

triangulation and reflexivity (Ash & Guappone 2007; Creswell 2009; Mays & Pope 

2000).  Kitto et al. (2008) also advocate the transparency of reporting as a means of 

enhancing quality.  Each of these techniques was incorporated within this study to 

strengthen its quality. 

Transparency relates to the explicit description of the conduct of research (Kitto et al. 

2008).  Achieving transparency is of vital importance as inadequate reporting can 

undermine quality.  In order to attain transparency the consolidated criteria for 

reporting qualitative research (COREQ) (Tong et al. 2007) was used to guide the 

exposition of the research.  COREQ, a 32-item checklist, promotes completeness for the 

reporting of research in which interviews or focus groups have been utilised (Appendix 

D.1).  The 32-items in the COREQ checklist are encompassed by three core domains: 

the research team; the study design; and data analysis.  In addressing items relating to 

the research team domain the strategy of reflexivity was used.  Reflexivity refers to the 

introspection and acknowledgement of the researcher’s experiences and assumptions, 

and the manner in which these experiences might shape the research (Mays & Pope 

2000).  A reflexive account is provided in the section describing the role of the 

researcher (section 3.5.2.).  

To add robustness to the study design and data analysis domains the strategy of 

triangulation was employed.  Triangulation can involve the use of multiple: data 

sources; investigators; research methods; or theories (Ammenwerth et al. 2003a; Kitto et 

al. 2008; Patton 1990), and is promoted as a means to moderate potential bias (Kitto et 

al. 2008).  Within this study data triangulation and investigator triangulation were 
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utilised.  Data triangulation was achieved by obtaining perspectives from representatives 

from each group of individuals involved in the EMR program, including: Area Health 

Service project teams; branches within the NSW Department of Health responsible for 

eHealth initiatives; and IT vendors.  Investigator triangulation was realised through the 

use of two researchers conducting independent parallel coding during data analysis.  In 

addition to promoting trustworthiness, the use of investigator triangulation is seen as a 

way of “encouraging a more reflexive analysis of data” (Mays & Pope 2000, p.51).  

As well as comprising items regarding the researcher, study design, and analysis, the 

COREQ checklist also includes items for results reporting and stipulates the inclusion of 

“quotations from different participants to add transparency and trustworthiness” to the 

data interpretation (Tong et al. 2007, p.356).  Likewise, Greenhalgh (1997) suggests that 

presenting verbatim quotes increases credibility.  As part of the data analysis quotes 

representative of each theme were selected and are presented in the ensuing results 

section (Chapter 3. Part B: Results).   

3.10. Ethical Approval 

Ethical and scientific approval for this stage of the research was granted by The 

University of Sydney Human Research Ethic Committee (Appendix E.1).  As per the 

approval, conduct of the study adhered to the National Statement on Ethical Conduct in 

Research Involving Humans (NHMRC 2007).  Additional approval to conduct part of 

the study at a national industry conference was sought from, and approved by, the 

conference organisers.  

All potential participants were provided with a copy of an information statement that 

outlined details about the study and what involvement entailed (Appendix B.1).  Signed 

consent, acknowledging the participants choice to partake in the study and providing 
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permission for the interview to be recorded, was obtained from each participant prior to 

proceeding with an interview.   

3.11. Conclusion 

The information presented above described the method used to conduct this stage of the 

research, with reporting guided by the COREQ checklist.  A qualitative research 

approach was employed, underpinned by a constructivist paradigm.  The approach 

entailed the following key elements: the use of purposive and snowball sampling for 

participant recruitment; data collection through the use of semi-structured interviews; 

and use of the general inductive approach for data analysis.  Transparency, reflexivity, 

and triangulation were used to strengthen the rigor and credibility of the research.  A 

narrative description of the findings emerging from the data analysis is presented in the 

following section (Chapter 3. Part B: Results).  
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Chapter 3. Part B: Results  

3.12. Introduction 

The previous section provided a detailed description of the research approach that was 

used to conduct this stage of the research.  The following section presents a narrative 

account of the results emerging from analysis of the data obtained via the semi-

structured interviews.  The identified themes are presented and each theme is then 

discussed in detail.  Verbatim quotes from the participants are presented throughout the 

results to enhance the transparency of data interpretation.   

3.13. Participant Demographics 

Semi-structured interviews were conducted with 28 individuals involved in decision-

making processes regarding the selection of computing devices for use on hospital 

wards.  The 28 individuals included:  

 12 IT vendors; 

 13 individuals from Area Health Service project teams; and 

 three individuals from braches within the NSW Department of Health responsible 

for eHealth initiatives.  

PART B: RESULTS 
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Responses from the Area Health Service and NSW Department of Health individuals 

were grouped together and are henceforth referred to collectively as “Health Service 

representatives”.  

The participating IT vendors, 11 male (91.7%) and one female (8.3%), represented 11 

different IT companies that provide technologies to the Australian and (in most cases) 

international health sectors.  Eight of the IT vendors were from companies that were 

predominantly hardware oriented, while four IT vendors were from predominantly 

software oriented companies.  The types of products provided to hospitals by these 

companies include: mobile computing devices; fixed computing devices; software 

applications; and infrastructure hardware.  The roles of the participating IT vendors 

included: product managers; development managers; solution architects; regional sales 

managers and sales executives; and a marketing manager. 

The participating Health Service representatives, 10 female (62.5%) and six male 

(37.5%), represented all seven of the NSW Area Health Services involved in the NSW 

Electronic Medical Record (EMR) program, and two NSW Department of Health 

branches that were responsible for providing advice on eHealth initiatives within NSW 

Health.  The roles of the Health Service representatives included: EMR project directors 

and managers; clinical informatics program directors and managers; information 

management and technology officers; decision support project officers; clinical projects 

coordinators; health infrastructure managers; health support services managers; and a 

clinician manager. 

3.14. Interview Statistics 

Interviews with the IT vendors were conducted over a three-day period in August 2009, 

while interviews with the Health Service representatives were conducted between 

February 2010 and August 2010.  The interviews amounted to a total duration of 8 
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hours and 12 minutes.  Transcription of the recorded interviews amounted to 192 typed 

A4 pages containing 80,191 words.  Table 3.1 outlines the length of the interviews 

conducted with the IT vendors and Health Service representatives.  

Table 3.1. Length of Interviews with IT Vendors and Health Service Representatives 

Participants (n=28) 

IT Vendors  (n=12)  Health Service Representatives  (n=16) 

Length of Interviews    Length of Interviews   

 Total Duration 1h58m   Total Duration 6h14m  

 Approximate Average 10m   Approximate Average 24m  

 Number of Typed A4 Pages 45   Number of Typed A4 Pages 147  

 Number of Words 20,429   Number of Words 59,762  

      
 
 

3.15. Results Emerging from the Interviews 

The interviews conducted with the IT vendors and Health Service representatives aimed 

to elicit perceptions in relation to: (a) the process by which decisions regarding the 

selection of computing devices for use on hospital wards occur across the NSW Area 

Health Services; (b) the factors considered when selecting computing devices for use by 

clinicians on hospital wards; and (c) the perceived impact of mobile computing devices 

on clinical work practices.   

The concepts that emerged from these interviews were categorised into the following 

themes and subthemes: 

Theme I: The Decision-Making Process for Device Selection 

Subtheme i: Researching What Computing Devices are Available 
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Subtheme ii: Seeking Advice from External Sources 

Subtheme iii: Trialling Devices and Consulting Clinical Staff 

Theme II: Factors Considered in Device Selection Decisions 

Subtheme i: Technology Attributes 

Subtheme ii: User and Task Attributes 

Subtheme iii: Environment Attributes 

Theme III: Perceived Impact of Mobile Computing Devices 

Subtheme i: Efficient Work Practices 

Subtheme ii: Effective and Safe Patient Care 

3.16. Theme I: The Decision-Making Process for Device Selection 

The IT vendors and Health Service representatives were asked about the process by 

which decisions regarding the selection of hardware computing devices for use on 

hospital wards occur across the NSW Area Health Services.  The Health Service 

representatives indicated that device selection decision-making was largely 

decentralised, with one Health Service representative stating that “the Area Health Services 

are very much independent operating entities in the scheme of how NSW Health is set up” (Health 

Service Representative 6).  Other Health Service representatives echoed this sentiment 

conveying that “everyone’s got their own thing” (Health Service Representative 16) and that 

computing device selection is “decentralized” and a “local decision” (Health Service 

Representative 8).  The IT vendors likewise perceived device selection decision-making to 

be decentralised with some IT vendors describing the Area Health Services as “silos”.   
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This standalone approach to the selection of hardware computing devices was 

highlighted as an issue by many Health Service representatives who believed, as relayed 

by one Health Service representative, that “there [are] significant difficulties with the Area by 

Area approach” (Health Service Representative 7).  A number of Health Service 

representatives indicated that they perceived a need for greater collaboration across the 

NSW Area Health Services.  One Health Service representative suggested that a more 

centralised approach to computing device selection is warranted, stating “we definitely 

need to do that a bit more often, not just pick your own devices, but as a whole in terms of the 

health entity” (Health Service Representative 16). 

Further, the IT vendors and Health Service representatives conveyed that, to their 

knowledge, there were no specific guidelines to help inform computing device selection 

decisions.   

“There’s no standard or guideline.” (IT Vendor 8) 

“When it came to purchasing clinical computers there was nothing. And I don’t think 

any Health Service had anything.” (Health Service Representative 8) 

The IT vendors and Health Service representatives felt that the complexity of health care 

and differences across Area Health Services, hospitals, and wards made it difficult to 

develop specific guidelines.  It was suggested that the paucity of guidelines may be 

because the selection of computing devices: “Depends on the needs” (IT Vendor 2); “It varies 

from ward to ward” (IT Vendor 7); “It’s different for everyone” (IT Vendor 3); and “You can’t 

have a one size fits all” (Health Service Representative 13).  One IT vendor remarked that 

guidelines may not have been developed yet due to the relative newness of many mobile 

computing devices. 
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“A lot of people are only looking at these things now.  So they haven’t had a chance to 

develop their understanding as to how best to implement these types of devices in 

hospitals.” (IT Vendor 1) 

Although the underlying differences across health care settings was seen as an inhibitor 

to the development of guidelines, the IT vendors commented that many similarities also 

exist in and across health care settings.  It was suggested that recognising these common 

traits could assist in guiding device selection decisions.    

“Health care has a lot of similarities. Where there are similarities that can be taken 

advantage of.” (IT Vendor 7) 

These commonalities were reflected in the comparable steps that the Health Service 

representatives reported undertaking when making decisions regarding the selection of 

hardware computing devices for use on hospital wards.  The steps were categorised into 

three subthemes: (i) researching what computing devices are available; (ii) seeking 

advice from external sources; and (iii) trialling computing devices and consulting clinical 

staff.  

3.16.1. Researching What Computing Devices are Available 

The Health Service representatives specified that one of the initial steps in the decision-

making process was to research what types of hardware computing devices were 

available on the market.  The most frequently cited source for undertaking such research 

was the internet, which Health Service representatives utilised to look into what 

computing devices were available both locally and internationally.  The Health Service 

representatives highlighted that they felt accumulating knowledge on what computing 

devices were available was necessary so that they were aware of the latest technological 

developments. 
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“We wanted to definitely see what the United States are doing or what the UK is doing 

and so we’re obviously trying to get as much sources as we can to help us know what’s out 

there.” (Health Service Representative 16) 

“Technology is moving along all the time, so it’s really important that we make sure that 

we understand what’s out there…to make sure that we have the most current information 

about what devices are out there, both from mobile computing and fixed computing.” 

(Health Service Representative 9) 

3.16.2. Seeking Advice from External Sources 

Another step the Health Service representatives reported undertaking when making 

decisions about the selection of hardware computing devices was seeking advice from 

various external sources.  Several Health Service representatives stated that they carry 

out discussions with individuals from other Area Health Services and often visit 

facilities in other Area Health Services to observe the types of computing devices that 

had been selected for implementation on the hospital wards. 

 “[We] visited about, probably about half a dozen sites…to see how they had all 

approached it.” (Health Service Representative 10) 

The Health Service representatives also stated that they sought advice from IT vendors.  

They perceived that the IT vendors were able to provide recommendations regarding 

hardware computing devices and share lessons based on their previous experiences with 

computing device implementations.    

“The first port of call is with the vendor of the solution; what do they recommend from 

previous implementations.” (Health Service Representative 1) 



 

88 
 

“The vendor recommendation of course. I mean from multiple implementations they 

obviously have valuable guidelines to give.” (Health Service Representative 10) 

“We had [an IT vendor] come in quite a few times and we say ‘Look this is a specific 

ward area and what would you suggest?’ So they’ve been very helpful.” (Health Service 

Representative 5) 

Likewise, the IT vendors characterised their part in decisions regarding the selection of 

computing devices as a “consulting” or an “advisory” role.  The IT vendors perceived that 

their function was to provide “strategies” and “recommendations” on what types of 

computing devices, and how many, might be required in a given situation. 

“A lot of Area Health’s say ‘we need to implement carts’. But carts isn’t always the best 

solution. So I go in and try and understand the workflow, the information that’s needed 

to be accessed, who needs to access it, where, and how often they need to access it. And 

then we can put together a proposal or a solution.” (IT Vendor 8) 

In providing advice on the type and number of computing devices, the IT vendors felt 

that they contribute to the decision-making process by assisting Health Service 

representatives to allocate their limited funds wisely. 

“The first thing I advise them is don’t buy too many. If you find that…there’s not enough 

resources, then buy another cart. It’s easier to buy one cart and add, but there’s no sense 

in having five carts when four would have done.” (IT Vendor 11) 

“We’ll just go into these wards and you’ve got a cart and it stays up against the wall and 

it never actually becomes mobile. They basically end up using this mobile cart and turn it 

into a computer stand. So they’ve gone and invested several thousand dollars on a very 

nice cart that they’re now using basically as a wall mount that they could have bought for 

probably a tenth of the cost. So that’s again where we want to kind of come in and help 
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them spend their dollars wisely and not come up with a dissatisfaction or end up with a 

whole bunch of equipment…that they’re actually not using in its intended purpose.” (IT 

Vendor 9) 

Several IT vendors stated that they often undertake “assessments”, “scoping exercises”, 

“walkthroughs”, or “motion studies” of the proposed implementation site to assist with 

identifying the most adequate computing devices for a given situation.  The IT vendors 

also highlighted that being involved in various projects, both nationally and 

internationally, helped them to build on their expertise.  They perceived value in their 

abilities to draw on these past experiences to assist with device selection decisions in 

current and future projects. 

“What we’ve found by the various projects we’ve been involved with is actually we’ve 

acquired a lot of shared learning. Therefore we can use those learnings to help people in 

local projects take advantage of overseas learnings.” (IT Vendor 7) 

3.16.3. Trialling Devices and Consulting Clinical Staff 

The Health Service representatives indicated that another step that they undertake in the 

decision-making process is acquiring computing devices from IT vendors which they 

can then evaluate or trial on the ward.  Some Health Services representatives reported 

holding trade fairs to demonstrate the computing devices to clinicians, while others 

reported providing the computing devices to clinicians for utilisation and testing in 

clinical practice.  They suggested that this process allowed clinicians the opportunity to 

impart their opinions and feedback about the computing devices.  Some Health Service 

representatives stated that they obtained feedback from clinicians through informal 

discussion, while others administered evaluation questionnaires to the clinicians.    
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“We got samples of the devices and physically manhandled them around the Health 

Service showing people the various trolleys. They got to make comments about the 

different devices, and they could say whether or not they liked one or the other and which 

one they wanted. And we recorded that and as much as possible we gave them what they 

asked for.” (Health Service Representative 8) 

“We actually got one or two trolleys and we actually put it out there for a month for the 

staff to use and we gave a piece of paper where they could write down which one they 

prefer and what they like.” (Health Service Representative 11) 

The Health Service representatives explained that they felt seeking input from clinicians 

and giving them an opportunity to trial computing devices was important, not only to 

obtain feedback, but to determine the practicality of the devices in the clinical setting.  

They suggested that it provided an opportunity to test assumptions about the use of 

computing devices, particularly mobile computing devices.  

“We want to give them some devices to trial to see if they’re actually going to use it 

because we suspect that they won’t use the tablets to the extent they think.” (Health 

Service Representative 5) 

Some Health Service representatives also said that they consulted with departmental 

directors and nursing unit managers to elicit their opinions regarding computing device 

requirements.  

3.17. Theme II: Factors Considered in Device Selection Decisions 

The IT vendors and Health Service representatives were asked to describe the factors 

that they considered, or think should be considered, when making decisions about the 

selection of hardware computing devices for use on hospital wards.  The IT vendors and 

the Health Service representatives identified several factors that they deemed important 
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to consider when selecting the type and number of hardware computing devices for 

implementation on hospital wards.  It was frequently conveyed that it was necessary to 

consider a range of factors to determine what type of computing devices were feasible 

and suitable for a specific site. 

“You can’t just put everything paper on electronic and say ‘Here’s a cart, off you go.’ 

There’s so many other factors in it that will affect the quality of your implementation.” 

(Health Service Representative 4) 

“I think it’s multi-factorial. It’s number of patients, it’s number of staff, it’s what they’re 

doing, how much of the EMR they’re doing…and when they’re doing it. And it’s whether 

or not it’s stuff that needs to be done at the bedside or not.” (Health Service Representative 

9) 

“[We] look at their infrastructure, the software they have, the existing hardware, the type 

of ward it’s going to go into, and then determine what the best case would be.” (IT 

Vendor 2) 

“We consider the hardware devices we provide as enablers. If they’re not put into the right 

workflow situation, with the right software, the right place and environments, they’ll be 

useless to them.” (IT Vendor 3) 

The various factors conveyed by the IT vendors and Health Service representatives were 

categorised into three subthemes: (i) technology attributes; (ii) user and task attributes; 

and (iii) environment attributes.  These subthemes, and the factors categorised within 

each subtheme, are presented in Table 3.2. 
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Table 3.2. Factors Considered in Computing Device Selection Decisions 

 Subthemes  Factors 
     

 Technology Attributes  Infrastructure  

   Existing Hardware  

   Device Characteristics  

   Software Applications  
     

 User and Task Attributes  Role of User  

   Task Type  

   Location of Task  
     

 Environment Attributes  Ward Type  

   Space Available  

   Accessing Dynamics  
     

     

 

3.17.1. Technology Attributes 

The IT vendors and Health Service representatives outlined a number of factors to 

consider in the selection of hardware computing devices that were encompassed by the 

technology attributes theme.  These factors included: infrastructure; existing hardware; 

device characteristics; and software applications.  

Infrastructure 

Infrastructure, in terms of the means to access the hospital’s network, was perceived to 

be a key factor impacting on device selection decisions.  Both the IT vendors and the 

Health Service representatives highlighted that infrastructure, whether wired or wireless, 

had a bearing on the type of computing devices that could be selected for 

implementation on hospital wards.  The Health Service representatives indicated that 

hospitals or wards with a solely wired infrastructure were largely limited to fixed 
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computing devices, while those that also had wireless infrastructure had a broader 

choice of computing devices.  

“There’s no point in delivering a wireless laptop if you haven’t got [wireless 

infrastructure]. What the staff member would have to do is walk around with a blue cable 

and plug it in to all these ports. Yeah you could do that but, my God, people would 

disengage from that very quickly.” (Health Service Representative 15) 

“In terms of wall mounts, really we’ve put a lot of these into some of the wards…because 

they’re not wireless, we didn’t have a choice.” (Health Service Representative 2) 

Likewise, an IT vendor gave an example of a situation where the wireless infrastructure 

capabilities of a hospital were not adequate for the mobile computing devices the 

hospital wished to implement.  This, in turn, limited the choice of computing devices 

that could be selected for implementation as the hospital had to work within their 

existing infrastructure.  

“Some of the hospitals I’ve worked in just haven’t had the ability to upscale their network. 

So you…can’t go mobile because they just don’t have enough access points to go mobile 

and the poor infrastructure won’t allow them to add anymore.” (IT Vendor 7) 

The IT vendors and Health Service representatives specified that the capacity of the 

wireless infrastructure was a particularly important consideration for mobile computing 

devices.  Wireless infrastructure that is slow or has problems with connectivity, for 

example susceptibility to frequent “drop outs” or numerous “black spots”, can affect the 

ability of mobile computing devices to maintain an uninterrupted connection to the 

hospital’s network.   

“When you do wireless…you need to understand how many wireless points you need. 

You have to have enough saturation that wireless devices will actually work; otherwise it’s 
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just not going to work. You’re going to lose connectivity somewhere around the corner.” 

(Health Service Representative 9) 

“You have to take into consideration…their wireless connectivity. So that’s pretty 

critically important to how the devices will actually work; whether there is going to be 

spots where they just won’t work.” (IT Vendor 9) 

“You’ve got to have the infrastructure in place. If your network runs at, you know, a very 

slow [pace]…then again people just get frustrated. The infrastructure is a key factor to 

make sure that you can deliver the right solution at the end.” (Health Service 

Representative 15) 

Both the IT vendors and Health Service representatives highlighted that insufficient 

wireless infrastructure would significantly influence the successful implementation and 

use of mobile computing devices. 

“I think the main failing that we see is the network and whether the robustness and speed 

of the network is sufficient. You know, so it can just take [clinicians] too long so they just 

don’t use it.” (Health Service Representative 1) 

Existing Hardware 

A number of IT vendors cited that existing hardware, including computing devices, 

communication devices (such as phones), and medical devices (such as infusion pumps), 

should be taken into account when selecting new computing devices.  They emphasised 

the need to note the number of electrical outlets being utilised by these existing devices 

and the number of electrical outlets that remained available for new computing devices.   

The IT vendors also suggested that it was necessary to consider the wireless frequency of 

existing devices.  One IT vendor specified that, although interference problems were 
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unlikely with newer technology, the wireless frequency of some devices (such as mobile 

phones) had the potential to interrupt medical devices (such as respirators).   

“There’s a lot to be considered, especially when we’re working with medical devices as 

well. We need to look at the wireless frequency so they don’t interrupt the important life 

saving devices that they also use in the hospital environment.” (IT Vendor 2) 

Another IT vendor recalled a situation where the addition of new computing devices on 

a hospital ward increased the stress on the ward’s wireless infrastructure and caused 

problems for the existing devices. 

“Bringing another device into the mix can also cause other major issues as well. For 

instance…one of the hospitals recently asked us to come and do a trial in their ED…with 

mobile computing running in a wireless network. However the stress on the infrastructure 

that we increased by putting mobile devices into the wireless environment there meant 

that they had problems with their DECT [Digital Enhanced Cordless 

Telecommunication] phones.” (IT Vendor 3) 

Device Characteristics 

The need to consider the physical characteristics of hardware computing devices when 

making selection decisions was frequently mentioned by both the IT vendors and the 

Health Service representatives.  Characteristics that the Health Service representatives 

felt were important to consider, particularly for mobile computing devices, included: 

ruggedness and robustness; battery life; recharge times; weight (if carrying or 

manoeuvring the device); wireless capabilities; screen size; type of data input (keyboard, 

touchscreen, or stylus); and user friendliness.  

“Weight, size of screen, and keyboard. They were certainly all the factors that we were 

grappling with and there’s no easy answer. When it came to mobile computing the most 
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popular device was the one that was light and easy to push around. We deliberately didn’t 

go with handheld [devices] because the…‘ruggedisation’ of the device is pretty poor.” 

(Health Service Representative 8) 

“Tablets were wonderful in theory but very difficult in practice because they were very 

heavy at the time…as well there’s the issue that they can be dropped.” (Health Service 

Representative 11) 

“Battery life is one of the key factors. One of the key things that people say is they are sick 

of things running out of power after three hours.” (Health Service Representative 14)  

Another key characteristic conveyed by the Health Service representatives was the 

ability to sanitise the computing device.  The Health Service representatives perceived 

that being able to sanitise a device was necessary to avoid any potential risks of infection 

being spread throughout a ward or hospital.  The IT vendors frequently used tablet 

computers to provide examples of key characteristics that they felt were important to 

consider when contemplating the selection of such devices.  The IT vendors suggested 

that tablet computers needed to be rugged, easily sanitised, and light in weight.    

“With the tablet computer one of the things we want to look at is, is it rugged? If I happen 

to drop it is it going to keep working? Can I clean it? -Especially with a tablet. The tablet 

is going to be set on the bedside and maybe a patient may touch it, or two or three people 

may move it around as they’re providing care to the patients, so you’ve got to make sure 

that you’re able to completely sanitise a device like that.” (IT Vendor 10) 

Software Applications 

The IT vendors and Health Service representatives commented that the type of clinical 

software application required to run on a hardware computing device can impact on 

device selection decisions.  The Health Service representatives specified that the clinical 
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software applications utilised within their hospitals predominantly required computing 

devices with the Microsoft Windows Operating System. 

“When a new device such as iPad comes out the questions that we get asked is ‘Well can 

we run [the clinical application] on iPad?’ And that’s when it comes down to…the 

software operating environment. Unfortunately it was a platform that, at this point in 

time, is not compatible with our environment. We need to look at how the device fits in 

within our software environment. In terms of the platform that it runs on…most of the 

time it’s Windows.” (Health Service Representative 16) 

The IT vendors and Health Service representatives also highlighted that the 

transferability of the software application onto different screen sizes needs to be 

considered when selecting computing devices.  That is, if a software application has 

been designed for use on the large screen of a desktop computer, the layout may not 

transfer properly onto the small screen of a handheld device. 

“One of the challenges with mobility…is that most clinical applications today, including 

ours, are not necessarily written for that particular form factor. We’re displaying a lot of 

information on the screen at once. And in order to display a lot of information on the 

screen you’ve got to have real estate. So when you take that and…you go from a 17-inch 

monitor to a 7-inch screen and you’re trying to display the same type of information – it’s 

very difficult.” (IT Vendor 10) 

“Some software resized itself so we’re lucky because [the medications management system] 

partially resizes itself. Whereas our electronic medical record unfortunately doesn’t do it as 

much. So we have some buttons that even on the 15-inch laptops people have to now scroll 

down to actually find their save button, which is unfortunate.” (Health Service 

Representative 11) 
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3.17.2. User and Task Attributes 

The IT vendors and Health Service representatives emphasised that, when selecting 

hardware computing devices for hospital wards, there was a need to evaluate how the 

different types of computing devices would integrate with clinical tasks.  They perceived 

that evaluating clinical workflow, that is how and where different users undertake tasks, 

was important not only to identify the means to support current clinical workflows but 

to potentially improve them.  The IT vendors and Health Service representatives 

described several user and task related factors that they perceived would influence which 

type of computing device would be most suitable in a given situation.  These factors 

included the: role of the user; task type; location of the task; and quantity of information 

needs. 

Role of User 

The role of the intended user was considered to be influential in device selection 

decisions.  The IT vendors and Health Service representatives perceived that different 

clinical roles perform tasks differently and, as such, may require different computing 

devices.   

“There’s a difference in the way that nurses document and medical staff document.  

Nurses would probably utilise the mobile carts whereas a doctor will often go away and 

write up notes in a doctors’ room. So profession by profession, I think there’s a variation 

in their needs.” (Health Service Representative 10) 

“Doctors tend not to use the computers at the bedside. They tend to go and see the patient 

and then go back to the central station and do their work there, where they can sit down 

and think quietly.” (Health Service Representative 8) 
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The Health Service representatives frequently referred to doctors undertaking their work 

in “teams”, particularly during ward rounds.  It was perceived that doctors undertaking 

ward rounds often shared one or two computing devices amongst the team. 

“One project that we’ve just done is with the Neurosurgery team. They actually do a ward 

round every morning at 8:30 of two units and they push the cart around…they push that 

around the ward to do their ward round.  At the same time the interns and registrars are 

carrying a tablet computer. The whole idea really was that that suited their workflow.” 

(Health Service Representative 16) 

The IT vendors explained the need to identify the intended users of computing devices, 

and the tasks that those users will perform on computing devices, in order to determine 

which device to select. 

“Understanding what the key role of clinicians or the people on the ward is and actually 

making sure that whatever you’re implementing is relevant to them. If you map the 

clinical processes and then try and equate that back to the IT needs, that’s when you 

understand really what their IT requirements are.” (IT Vendor 7) 

“In essence you don’t want an admissions person that registers patients to move around 

the facility. So their [device] won’t necessarily be tailored for something like that.” (IT 

Vendor 5) 

Task Type 

The type of tasks to be undertaken on devices was also raised as an important factor to 

consider.  In particular, it was suggested that the quantity of information that needs to 

be accessed or captured for different types of tasks would greatly influence computing 

device selection.  The quantity of information related to both the amount of information 

and the variety of information that the task required.  One IT vendor suggested that 
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tasks requiring access to, or documentation of, “lightweight” quantities of information 

may be suited to handheld devices.  Another IT vendor echoed this opinion stating that 

handheld devices “are great for retrieving data and for smaller parts of data entry…tick box type 

data entry” (IT Vendor 7).    

Likewise, the Health Service representatives perceived that handheld devices were 

suited to tasks requiring access to or documentation of smaller amounts of information.  

Where tasks necessitated access to or documentation of larger amounts of information, 

such as graphs of trends over time or progress notes, the Health Service representatives 

advocated the selection of computing devices with bigger screens and keyboard input for 

easier data entry. 

“PDAs...might be good at looking at maybe results, like a full blood count or something, 

but it would be very difficult to do much data entry. Again maybe ordering a test might be 

easy, but doing anything else apart from that I think would be difficult.” (Health Service 

Representative 9) 

“People undervalue the benefit of having a keyboard and people think that a tablet, click, 

click, click, just you know, poke a little stylus at the screen and everything is taken care of, 

but unfortunately you need the keyboard for a lot of the work that you do.” (Health 

Service Representative 11) 

The Health Service representatives also highlighted the need to consider the various 

items necessary to complete different tasks.  It was frequently specified that nurses often 

need items such as medications, glucose testing kits, or sphygmomanometers when 

undertaking tasks.  The Health Service representatives suggested that carrying such 

items in addition to a mobile computing device, such as a tablet computer, may pose 

some difficulty for nurses when undertaking tasks independently.  They proposed that 
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devices such as computer carts, which provide a means to stow items, may be more 

suitable to tasks requiring additional items. 

“Much of the time you’re taking something with you to the bedside for the patient. You 

might be going to do someone’s observations so you’ve got to carry a 

sphygmomanometer…so, you know, you’ve got to think about ‘Gosh, I’ve also got to take 

a computer with me’. So, I mean, that’s probably one of the down sides of having that 

kind of device [tablet computer]. I mean, the carts are ideal.” (Health Service 

Representative 2) 

“We’re still in the hybrid stage…the documentation of the clinical notes is done 

manually. So we’ve still got to be able to provide them with something to move those notes 

around. So until we can get a…paperless environment they’re going to be wanting to load 

up the trolleys with things.” (Health Service Representative 5) 

Location of Task 

The location in which users need to access or capture information in order to complete 

tasks was frequently cited by both the IT vendors and Health Service representatives as a 

significant factor influencing computing device selection decisions.  The Health Service 

representatives considered “improved accessibility of information to clinicians” (Health Service 

Representative 1) to be one of the main objectives in determining which computing 

devices to select. 

“We regard access to the system as probably the most important factor to success.  If 

[clinicians] can get to a machine when and where they need it, then that will make a 

successful implementation.” (Health Service Representative 10) 

The IT vendors considered information to be “mission critical” in health care.  As such, 

they considered providing the means to access or capture information in the location of 
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a task to be a “prime objective” in the selection of devices.  The IT vendors explained that 

accessibility to computing devices in the immediate location of a task was important to 

avoid users having to traverse back and forth between the location where information 

was needed to complete a task and the location of the computing device.  

“You want the clinicians and the nursing staff to do the data entry at the place of care, 

whether that’s with the patients in the triage area, or if it’s out in the waiting room, or at 

the bed…you don’t want to be going back and forward to make notes.” (IT Vendor 11)  

The IT vendors also felt it was necessary to ensure that a sufficient number of 

computing devices were available to users in the locations where tasks are performed.  

One IT vendor suggested that if there are not enough computing devices available 

clinicians will “try to avoid it because they have to queue and wait to get their information” (IT 

Vendor 1). 

The Health Service representatives perceived that the predominant locations of tasks 

requiring accessibility to a computing device on hospital wards included the patients’ 

bedside and a central workstation or office away from the patients’ bedside.  They 

suggested that it was necessary to select computing devices that would allow users to 

undertake tasks both at and away from the patient bedside.  A number of Health Service 

representatives specified that this could be achieved by either selecting fixed computing 

devices for implementation both at the bedside and at a central workstation, or by 

selecting mobile computing devices that could be moved to various locations.  

“Any facility that goes with…[fixed] computer units at the bedside need to also make sure 

that they have something away from the patient because the doctor doesn’t want to be 

standing there for twenty minutes writing up their notes with the patient looking straight 

at them.” (Health Service Representative 12)  
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“The benefit of having laptops on trolleys is you can go to the bedside when you need to be 

at the bedside, but you can leave the bedside when you don’t need to be there. So there are 

certain things that you need to do at the bedside. Nursing staff need to check medications 

at the bedside. When doctors do their ward rounds they need to be able to see pathology 

results often at the bedside and there’s other things that you can do right then and there. 

But doing some of your documentation you don’t need to be there.” (Health Service 

Representative 11) 

3.17.3. Environment Attributes 

The IT vendors and Health Service representatives conveyed several factors related to 

the environmental context of a site that they considered would influence computing 

device selection decisions.  These factors included the: ward type; space available; and 

accessing dynamics.  

Ward Type 

The type of hospital ward computing devices were being selected for was perceived to be 

a necessary factor to consider in device selection decisions.  The IT vendors suggested 

that different types of wards had different processes and levels of activity and, as such, 

may require different types and numbers of computing devices.   

“ICU is a lot different to a ward, is a lot different to theatres, a lot different to NICU 

[Neonatal Intensive Care Unit], and all that. So everything is judged on its own merit.” 

(IT Vendor 8) 

“The more acute wards, where there’s a lot of activity happening you may well get very 

close to one device per person. In other places…[like] a rehab ward, you’d probably get 

away with one device per three or four, even more, clinicians because….there’s more of a 

structured flow about what they do every day.” (IT Vendor 7) 
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The Health Service representatives further specified that the processes and levels of 

activity on a ward are largely affected by patient acuity.  They conveyed that patient 

acuity may have a bearing on the number of clinicians present on a ward and the length 

of ward rounds, which may impact on the number of computing devices required. 

“The geriatric rounds last for a long time. It’s not like a surgical round where you’re in 

and out seeing a patient within a minute. The nature of the patients are different. There’s 

also more teams in the surgical ward.” (Health Service Representative 5)      

Both the IT vendors and the Health Service representatives gave the example of 

infection control rooms and isolation wards as areas where the selected computing 

devices may need to be either sanitisable or dedicated solely to those wards.  The IT 

vendors also presented the example of Orthopaedic Wards where the removal of plaster 

casts can generate dust which would make mobile computing devices a more suitable 

selection.     

“You need to look at things like infection control. If you’ve got isolated rooms you can’t 

take things in and out of there. So do you put a desktop in there all the time? And then 

you’ve got to think about…are they able to be cleaned.” (Health Service Representative 5)    

“If it’s an infectious disease area…they can’t take devices from ward to ward due to 

contamination shifts.” (IT Vendor 3)   

“If it’s plaster casting there’s a lot of dust…[carts] are good because they can be wheeled 

in, the patient checked, and wheeled back out. Whereas, if you left a computer there it’d 

get pretty chalky and dirty in a very short space of time.” (IT Vendor 11) 

Space Available 

Another factor cited by both the IT vendors and Health Service representatives as 

impacting on device selection decisions was the space available on a ward.  The IT 
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vendors suggested that an important consideration in selecting devices was determining 

whether there was space available to permanently install fixed computing devices.  They 

perceived that in areas where space wasn’t available for fixed computing devices mobile 

computing devices may be more feasible. 

“Sometimes the wards and the rooms and the bed space is just so cramped that you don’t 

have the room on the wall to actually mount a wall-mount and in that case obviously 

carts are a better idea. You’ve also got to take into [consideration] if it’s on the wall, and 

especially in a corridor or a hallway, then it can’t sort of protrude too far from the wall 

otherwise you’re not going to be able to wheel beds past.” (IT Vendor 8)  

Likewise, the Health Service representatives perceived that the space available on a 

ward was potentially restrictive on the types of computing devices that could be selected.  

They highlighted the need to consider the space available to install fixed computing 

devices and the space available to store or move mobile computing devices.    

“Up here there are a lot of other devices around the beds. And that’s a restricting factor. 

You can’t have something between beds because you’ve got a lifter and you’ve got a chair, 

and you’ve got…commodes, weighing machines, all of that kind of thing is in the way as 

well.” (Health Service Representative 4) 

“One of the great difficulties with all of these hospitals…most of them are old and they 

were never built to take computers. You go in to any ward and you’ll see piles of things 

like drips, drip stands, and wheelchairs, and commode chairs, and walking frames. So the 

space was a real issue for a lot of hospitals. Carts are ideal but you then have to have the 

floor space to move them all around.” (Health Service Representative 2) 

“We’re very lucky because we…[have] relatively wide corridors so we can actually keep 

[carts] in areas that other hospitals may have more difficulty with because of the width of 

the corridors.” (Health Service Representative 11) 
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One Health Service representative emphasised the patient safety concerns related to the 

space available around the patient bedside.  The Health Service representative suggested 

that mobile computing devices could easily be moved away from the patient bedside in 

the event of the patient requiring, for example, resuscitation, whilst fixed computing 

devices were deemed to be potentially obstructive in such circumstances. 

“The reason we went with the trolleys for ICU is that if they need to get to that bedside 

because the patient’s crashing or is having some sort of incident they can just unplug it 

and roll it away. And everyone can get to the bedside and easily get there. Whereas, if it’s 

a fixed computer that’s something else that they have to work around.” (Health Service 

Representative 11) 

Accessing Dynamics 

The accessing dynamics of a ward, that is, the number of clinicians that will be utilising 

the computing devices at concurrent times, was frequently cited as a factor impacting on 

device selection decisions.  The IT vendors specified that it was important to identify, 

what they referred to as, the “levels of concurrency” of the intended implementation site. 

“We look at concurrent users. That means how many people are on the system at any one 

time as opposed to how many people might actually be on the ward.” (IT Vendor 10) 

The IT vendors and Health Service representatives explained that decisions about the 

number of computing devices required ascertainment of the number of clinicians 

accessing computing devices at “peak” times.  They emphasised the need to provide a 

sufficient number of computing devices to cover peak accessing times to ensure 

computing devices were available to users when needed. 

“In terms of the numbers we very much look at how many staff we have on the ward at 

some of the peak shifts. They have a number of consultants who tend to do slightly longer 
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ward rounds with their patients and nursing staff are giving medications at the same 

time. So we need to make sure that we do have enough for everyone to access it when they 

need it.” (Health Service Representative 11) 

“I know that we had to probably get more devices than I thought we would need because 

when they did one of the medication rounds is when they also did the doctors round. So 

we needed more devices…because there were two separate groups of people doing things.” 

(Health Service Representative 9) 

“Unless you have enough devices, and people can get access to the device when they need 

it, that’s going to be another barrier to people using the system.” (Health Service 

Representative 9)  

“The peaks and troughs are huge. But if you can’t handle the peaks, you know, 

sometimes that’ll mean that this guy is sitting there doing nothing.” (IT Vendor 7) 

In determining the type of computing devices to select the Health Service representatives 

also cited the need to consider the time of day the computing device will be accessed.  

They suggested that handheld mobile devices may be more suitable for use at the patient 

bedside at night as they would be less disruptive to patients when being moved around 

the ward compared with manoeuvring a computer cart. 

“Someone on night duty might take [a tablet computer] out to the ward, rather than 

carting a noisy trolley around. Because the trolleys…don’t sneak along quietly.” (Health 

Service Representative 4) 

The Health Service representatives further specified that the accessing dynamics of a 

ward are influenced by the number of electronic processes that have replaced paper 

processes.  They indicated that sites which were largely electronic, and undertook 

clinical documentation, test ordering, results viewing, and medication management 
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electronically, would require a greater number of computing devices compared with 

predominantly paper-based sites. 

“At the moment we’re not doing clinical documents. Because we didn’t roll out clinical 

documents, we could afford to have less computers.” (Health Service Representative 8) 

“When we first started basically all we did was just…looking at results and placing orders 

electronically. So I think we had maybe two to three computers in a ward. Because that 

was not a lot you didn’t have to go to the computer to do much. Everything else was in the 

[paper] record. But now we’ve got other things we’re going to have to have a lot more 

[devices].” (Health Service Representative 9) 

3.18. Theme III: Perceived Impact of Mobile Computing Devices 

The IT vendors and Health Service representatives were asked to reflect on what impact 

they perceived providing mobile computing devices on hospital wards would have on 

clinical work practices or patient care.  The responses conveyed by the IT vendors and 

the Health Service representatives were categorised into two subthemes: (i) efficient 

work practices; and (ii) effective and safe patient care. 

3.18.1. Efficient Work Practices 

The IT vendors and Health Service representatives perceived that mobile computing 

devices would facilitate efficient work practices by providing clinicians with increased 

accessibility to clinical information at the place and time that it is needed.  They 

explained that the current practice on wards that did not have mobile devices, or fixed 

devices at the bedside, was for clinicians to walk to and from a fixed device, generally 

located at a central workstation, to access information in between seeing each patient.  

The IT vendors and Health Service representatives anticipated that mobile computing 
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devices would negate the need for clinicians to traverse back and forth between a fixed 

device and the patient bedside and thus increase productivity by eliminating, what was 

considered to be, an “intermediate step”. 

“It can lead to dramatic productivity benefits. So just taking, for example, a normal ward 

round. What currently happens is…[the] doctor goes in, they collect information from 

their desktop workstation, or they print out a bunch of information on paper. Then they 

go to the first, potentially two beds, but…then they have to get some test results back and 

they then have to go back to the workstation. Then they might go back to bed three. So 

there’s a lot of to-ing and fro-ing. With [a mobile] device, because they can carry it around 

all the time, because they’re always connected to the system, there’s no need to leave that 

patient to get information. They can do it at the bedside.” (IT Vendor 1) 

Further, the IT vendors and Health Service representatives expected that mobile 

computing devices would provide clinicians with a means to access information while 

they were in transit.  The Health Service representatives suggested that the “immediacy” 

of information access, that mobile computing devices may be able to provide clinicians 

with while they are on-the-go, would make activities such as ward rounds and 

medication rounds “easier to conduct” (Health Service Representative 2).    

“They can log on to that patient record, they can order the tests, they can view the tests 

results, all while they’re still walking around.” (IT Vendor 1) 

The IT vendors and Health Service representatives also believed that mobile computing 

devices would facilitate efficient work practices by providing clinicians with the means 

to document clinical information at the place and time that it is obtained.  The Health 

Service representatives cited the example of documenting patient observation data, such 

as blood pressure, obtained at the patient bedside.  They suggested that lack of access to 

computing devices at the patient bedside would make clinicians more likely to either 
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memorise the information or document the information on paper and then transcribe 

the information to a desktop computing device.  

“What they do is they’ll write it down on paper at the bedside then they’ll go back to a 

fixed device and they’ll transcribe it. So one, its inefficient and two, it’s not safe because 

every time you transcribe something there’s a problem. I mean I know that you can 

actually write things down incorrectly the first time but transcribing is not a good thing.” 

(Health Service Representative 9) 

“Doctors will still sit down beside the patient with a written piece of paper and then go 

back to a desk and type up what they’ve written. Or some that can remember will do it 

out of memory.” (Health Service Representative 3) 

The IT vendors and Health Service representatives anticipated that mobile computing 

devices would aid in removing the step between obtaining clinical information and 

electronically recording the information.  Additionally, they perceived that documenting 

clinical information in a timely manner and at the place that it is obtained would lead to 

an increase in the accuracy of recorded information alongside a decrease in transcription 

and omission errors.   

“You can stand there and instead of writing it on pieces of paper or scribbling on your 

hand, you technically could type it in. So ideally you’re looking at efficiencies.” (Health 

Service Representative 12) 

“I think the most important thing about it is work efficiency and I suppose accuracy of 

data because you’re doing it right there, at the bedside of the patient.” (IT Vendor 5) 

“It will lead to less errors being recorded. It will lead to having more correct data and not 

forgotten data put in.” (IT Vendor 11) 
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The Health Service representatives further underscored that the timely documentation of 

clinical information allowed it to become electronically accessible to other clinicians on 

the ward or from remote locations.  

“The benefits for the clinicians…is the fact that that information is available immediately 

by multiple people from anywhere.” (Health Service Representative 9) 

3.18.2. Effective and Safe Patient Care 

The IT vendors and Health Service representatives perceived that mobile computing 

devices, through the provision of increased accessibility to clinical information, would 

positively impact on the effectiveness and safety of patient care.  They suggested that 

mobile computing devices could be utilised to access a wide scope of information, such 

as the patient’s medical record, electronic decision support, and clinical resources, at the 

place and time that it is required by clinicians.  Both the IT vendors and the Health 

Service representatives anticipated that accessibility to such information would lead to 

more informed patient care decisions. 

“It gives you point of care access and the information you need to make a decision at that 

specific time. So with the mobile device you do have your, potentially your x-ray, as well 

as your pathology result, as well as your medications available to you when you’re there 

with the patient at the bedside so that you can make an informed up-to-date decision 

rather than using paper systems and having a pathology report from three days 

previously.” (Health Service Representative 12) 

“The patient care component is significantly improved because they’ve got access to 

information to make decisions. So they’re not making decisions without that 

information.” (IT Vendor 7)  
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Further, the IT vendors and Health Service representatives emphasised that accessibility 

to patient information and clinical resources at the patient bedside was particularly 

important when administering medication to patients.  They perceived that mobile 

computing devices would increase safety by providing the means to confirm that 

medications were being administered to the right patient, that it was the correct dose, 

and that the patient did not have any documented allergies to the medication.  The 

Health Service representatives highlighted that, although paper resources could also be 

utilised to access medication information, they believed that electronically available 

information was more likely to be up-to-date than paper resources.    

“Potentially it will save lives…so that the nurse that’s dispensing the medicine actually is 

confirming that this medicine is the right patient, right dosage.” (IT Vendor 11) 

“When we rely on paper we rely on information that’s out-of-date as soon as it’s 

produced. I found this on the ward the other day; it’s a…medication reference from 2006. 

If a nurse picks this up and injects the medication this way, based on the book, they could 

actually be harming the patient because something has changed about that medication. 

So you’re giving them…access when they need it to the right references, up-to-date 

material. And electronic means that it’s more likely to be current than something which 

has been printed at some stage.” (Health Service Representative 11) 

3.19. Conclusion 

The 12 IT vendors and 16 Health Service representatives conveyed a great deal of 

information about the selection of hardware computing devices for use on hospital 

wards and the factors that they perceived were necessary to consider in device selection 

decisions.  Implications arising from these findings are discussed in the next section 

(Chapter 3. Part C: Discussion). 
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Chapter 3. Part C: Discussion  

3.20. Introduction 

The preceding sections of this chapter: outlined the research objectives that this stage of 

the research aimed to address; provided a comprehensive account of the methods 

employed in undertaking the research; and presented the study findings.  The following 

section discusses the findings in relation to the study’s central research questions, 

namely: how do decision-makers select computing devices and what factors do they 

consider when making decision about the selection of devices? 

3.21. The Process of Selecting Computing Devices 

Selecting computing devices to support clinicians’ work practices is a multi-step process.  

Decision-makers within this present study reported that the process can involve: 

gathering knowledge about the different types of computing devices that are available; 

seeking advice from external sources, including both other hospitals and IT vendors, 

about their experiences with device selection; holding trade fairs and providing 

clinicians with devices to trial in practice; and obtaining feedback from clinical staff 

about the use of computing devices.  Such findings largely align with the processes 

described in existing literature regarding the selection of computing devices.  Studies by 

Oder et al. (2010), Senior (2006), Rescorl (2006), Wagner and Moore (2011), and 

Murphy (2008) all reported undertaking the steps of: identifying the types of computing 
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devices that are available; holding trade fairs or testing computing devices; and 

obtaining input or feedback from clinical staff.  Wagner and Moore (2011) also reported 

seeking advice from other health care facilities regarding their experiences with 

computing devices. 

Similar process steps are also reflected in literature regarding the selection of clinical 

information systems.  Recent studies outline that the key steps in selecting clinical 

information systems include: determining what systems are available, and assessing and 

comparing the different systems (Cresswell et al. 2013; Kushniruk et al. 2010; Lorenzi et 

al. 2009); liaising with vendors for advice and system demonstrations (Kushniruk et al. 

2010; Lorenzi et al. 2009; Weathers & Esper 2013); visiting other facilities to see the use 

of the system in practice (Cresswell et al. 2013; Lorenzi et al. 2009; Weathers & Esper 

2013); and trialling systems and obtaining input and feedback from clinicians (Cresswell 

et al. 2013; Kushniruk et al. 2010; Lorenzi et al. 2009; Weathers & Esper 2013).  The 

similarities in the decision-making processes described across literature investigating the 

selection of clinical information systems, literature regarding the selection of computing 

devices, and the findings emerging from this present study suggest that, in and of 

themselves, processes for the selection of technology tend to follow relatively consistent 

steps.   

While each of the identified decision-making steps is undoubtedly important in 

facilitating an informed selection process, a step that is often highlighted as critical is 

end user involvement (Kushniruk et al. 2010; Lorenzi et al. 2009).  Alongside other 

researchers (such as Oder et al. 2010 and Weiner et al. 2004), Berg (2001) considers 

involving end users in decisions to be paramount to implementing technology that will 

adequately support clinicians’ work practices.  At the same time, however, Berg (2001) 

suggests that “users are generally very bad…in imagining what specific configurations of 

the technology they ‘need’ or what would work ‘best’ in actual work situations” (p.148).  
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Hence, in addition to obtaining input from end users, Berg (2001) recommends 

examining clinical work in practice to better illuminate clinicians’ working patterns in 

order to identify the technology that may be best suited.  This notion was found to 

correspond with the opinions of decision-makers in this present study.  They perceived 

that seeking input from clinicians was important but also felt that trialling devices in 

practice was necessary to test clinicians’ assumptions about the use of computing 

devices.  The importance of examining clinical work and the use of computing devices 

in practice is further evidenced by the lessons emerging in Wagner and Moore’s (2011) 

study, which investigated the process of selecting devices.  Decision-makers in the study, 

consisting of a multi-disciplinary committee including nurses, anticipated that tablet 

computers would better support clinical work than the existing computer carts or 

desktop computers.  It was not until the tablet computers were deployed and used in 

practice that factors affecting their successful use became apparent.  For example, nurses 

found that they did not have a place to set down the tablet computers while providing 

care at the patient bedside and that the stylus mode of data entry was difficult to use.  

The findings from Wagner and Moore’s (2011) study highlight that a crucial step of 

decision-making processes needs to be consideration of all the factors that may impact 

on the use of computing devices.  

3.22. Factors to Consider When Selecting Computing Devices 

This study identified a broad range of factors that are important to consider when 

making device selection decisions.  These factors were grouped under three key 

categories: technology attributes; user and task attributes; and environment attributes 

(Figure 3.2).  Technology attributes encompass consideration of: the available 

infrastructure (wireless network versus wired network); the existing hardware devices; 

the characteristics of devices; and compatibility with the existing, or planned, software 

applications.  User and task attributes include: the roles of the intended users; the types 
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of tasks conducted by the users; and the locations in which users conduct their work.  

Environment attributes encompass consideration of: the type of ward for which the 

devices are being selected; the space available on the ward; and the accessing dynamics 

of the ward (i.e., demand for computing devices at peak times). 

 

 

Figure 3.2. Key Factors to Consider in Computing Device Selection Decisions 

 

A number of the identified factors have been previously found to influence the use of 

computing devices.  A study by Oder et al. (2010), which described the process of 

selecting devices at a hospital implementing an integrated EMR, reported several factors 

that were influential in the selection and use of computing devices, including: fit with 

clinical workflow; compatibility with the EMR software; ability of devices to support 

work in different ward locations; how much space the devices required; ward type; and 

electrical capacity of the ward.   Andersen et al. (2009), who undertook a multi-method 

investigation of clinicians’ use of fixed and mobile computing devices on hospital wards, 

reported that decision-makers need to take into consideration: who will be using the 

devices; the nature and location of tasks; the space limitations of a ward; and the 
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characteristics of devices, such as whether they allow easy manoeuvrability, in order to 

determine the right selection of devices.  Tang & Carpendale’s (2008) examiniation of 

nurses’ use of mobile computing devices highlighted the importance of assessing device 

characteristics, such as bulkiness and battery life, and wireless connectivity.  The 

authors reported that such factors contributed to mobile computing devices failing to be 

utilised in the anticipated mobile manner; with the devices left stationary in coridoors 

instead.  Decision-makers within this present study, similarly, highlighted that 

insufficient wireless infrastructure could significantly influence the successful 

implementation and use of mobile computing devices.   

Looking at the above findings in light of Ammenwerth et al.’s (2006) fit between 

individuals, task, and technology (FITT) framework, it is interesting to note that the 

factors reported by the decision-makers are implicitly reflective of the FITT framework’s 

dimensions. The FITT framework posits that use of technology is dependent on the fit 

between attributes of the users, attributes of the tasks, and attributes of the technology.  

Comparatively, decision-makers reported that selection of computing devices is 

influenced by factors related to user and tasks, and factors related to technology.  While 

it has been noted that application of the FITT framework in the literature has largely 

been retrospective (Honekamp & Ostermann 2011), the above finding suggest that the 

framework could be utilised prospectively during device selection decisions to anticipate 

potential issues between user, task, and technology factors.   

Decision-makers, however, also identified the need to consider factors related to the 

environment in which the technology is being implemented, such as ward type and the 

space available.  Decision-makers perceived environment factors to be highly influential 

stating that the space available on a ward was potentially restrictive on the types of 

computing devices that could be selected.  This suggests that environment factors exert 

an overarching influence on the selection of devices.  In other words, even if fixed 
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computing devices were identified to best suit a given user role, lack of space on a ward 

may negate the ability to provide fixed computing devices in that situation.  Based on 

the findings from this study, it is suggested that the FITT framework may benefit from 

the addition of an environment attribute.  However, this is an area requiring further 

research.     

3.23. Expectations of Selecting Mobile Computing Devices 

Decision-makers anticipated that providing clinicians on hospital wards with mobile 

computing devices would facilitate efficient work practices by providing the means to 

expediently access and document information at the place and time that it is needed, 

including while the clinician is in transit.  They also expected that the increased 

accessibility to patient-related information and clinical resources would lead to more 

informed patient care decisions, facilitating effective and safe patient care.  Such 

perceptions are in line with the benefits reported in literature.  Systematic reviews 

summarising literature on mobile computing devices cite the potential benefits as 

including: enhanced productivity and efficiency; improved communication; error 

reduction; and increased information accessibility (Free et al. 2013; Kuziemsky et al. 

2005; Lindquist et al. 2008a; Lu et al. 2005; Martins & Jones 2004; Martins & Jones 

2005a).  Yet, as acknowledged by some of the systematic reviews (Kuziemsky et al. 

2005; Martins & Jones 2004), there is a distinct lack of empirical evidence 

demonstrating the actuality of these benefits.  This calls for much needed research that 

examines clinicians’ use of mobile computing devices in practice in order to clearly 

demonstrate if and how these devices support clinical work practices; a central query 

that is addressed in the second stage of this research.  Examining clinicians’ use of 

computing devices in practice is also likely to aid in identifying factors affecting device 

use, thus, helping to validate some of the findings presented here.  
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3.24. Implications of the Findings 

The findings from this study highlight the challenges inherent in decisions regarding the 

selection of computing devices for implementation on hospital wards.  There is a 

complex range of factors that need to be considered when trying to determine which 

computing devices to provide clinicians with.  The difficulty in determining what type 

and how many devices are required is compounded by the lack of guidelines to inform 

such decisions.  Decision-makers must therefore make acquisition decision about the 

devices required to support clinicians’ work based on untested assumptions grounded in 

limited evidence.  This is the first study focusing on identifying the broad range of 

factors that decision-makers consider to be important in selecting computing devices for 

use by clinicians on hospital wards. 

The multitude of factors that can affect device use stresses the need for decision-makers 

to undertake a structured decision-making process to ensure that all the influencing 

factors are considered.  As stated by Kushniruk (2010), “ultimately, the success of our 

investments in HIT [Health Information Technology] depend on how rigorous and 

accountable our system procurement procedures are” (p.87).  The importance of 

considering the identified factors is that computing devices undoubtedly affect clinical 

work practices; but whether this effect is positive or negative in facilitating efficient and 

effective work practices hinges on the selection of the right computing devices.     

3.25. Limitations 

Although strategies aimed at strengthening the quality of the research were utilised 

within this study potential limitations nonetheless remained.  The strategy of member 

checking, for example, was not utilised within this study.  Member checking can involve 

either returning transcripts to participants for checking or for obtaining feedback from 

participants regarding data interpretations (Ash & Guappone 2007; Mays & Pope 2000).  
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While some researchers, such as Kaplan and Maxwell (2005), view member checking as 

a vital means of preventing data misinterpretation other researcher, such as Kitto et al. 

(2008) and Mays and Pope (2000), argue that member checking can have limitations 

with participants potentially affecting interpretations.  For this reason, and due to time 

restraints, member checking was not conducted.     

Another possible limitation of this study is that the interview guide was not pilot tested 

prior to the commencement of data collection.  Pilot testing was not conducted as a 

number of questions were drawn from an interview guide developed and utilised by 

Gallego et al. (2008) in their study and, as such, these questions had already been tested.  

It has also been argued that, while essential in quantitative research, pilot testing is not a 

necessity in qualitative research (Holloway 1997).  Nonetheless, pilot testing may have 

potentially facilitated the identification of additional questions to pose to participants.  

This limitation may, however, have been diminished by the use of semi-structured 

interviews, which afford the flexibility for additional questions to be posed to 

participants.   

An important limitation that also requires acknowledgement is the commonly reported 

weakness associated with qualitative research approaches: subjectivity.  As qualitative 

research relies on the views of a select group of individuals study findings may not be 

generalisable beyond the setting in which the research is conducted (Anderson 2010).  In 

addition, interpretation of the views expressed by participants can be influenced by the 

researcher (Kaplan & Maxwell 2005).  To assist in combating any potential bias the 

techniques of data triangulation (obtaining data from different groups of individuals) 

and investigator triangulation (multiple researchers independently analysing the data) 

were used within this study.  Nevertheless, the emerging findings should be considered 

in light of the participant demographics and the setting in which the research was 

conducted.   
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3.26. Conclusion 

This chapter discussed the first stage of the research, which involved an investigation of 

the selection of computing devices for use by clinicians on hospital wards.  Interviews 

conducted with decision-makers revealed a range of factors that influenced device 

selection.  These factors were grouped under three key categories: technology attributes; 

user and task attributes; and environment attributes.  The factors were identified as 

important to consider in device selection decision so as to facilitate selection of devices 

that will adequately support clinical work practices.   
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Chapter 4. Mobile Devices and Work 

4.1. Chapter Overview 

The preceding chapter discussed the first stage of the research, which involved 

investigating the selection of computing devices for use by clinicians on hospital wards.  

Interviews conducted with decision-makers revealed a range of factors that influenced 

device selection.  Role of the user, types of tasks, and location of tasks, for example, 

were deemed important.  These key findings were drawn upon to help inform elements 

of the second stage of the research. 

A detailed description of the second stage of the research is presented in the ensuing 

chapter.  This second stage of research involved the investigation of clinicians’ use of 

computing devices in order to determine how mobile computing devices support clinical 

work practices on hospital wards.  The chapter begins by providing a brief summary of 

the pertinent background literature underpinning this stage of the research and outlining 

the research objectives of this stage of the research.  The rest of the chapter is then 

presented as three distinct sections, which include: 

 Part A: Method (4.5. – 4.11.); 

 Part B: Results (4.12. – 4.20.); and 

 Part C: Discussion (4.21. – 4.29.). 

MOBILE DEVICES & WORK 
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4.2. Background Summary 

Mobility is a central feature of health care delivery (Bardram 2005a; Bardram & Bossen 

2003; Moran et al. 2006).  In undertaking their work, clinicians attend to patients, locate 

co-workers, access information, and obtain resources, all of which necessitate a constant 

transitioning between patients, wards, clinics, operating theatres, and offices 

(Ammenwerth et al. 2000; Bardram & Bossen 2003; Camacho et al. 2006).  Clinicians 

thus require systems of work that allow them to access information, resources, and 

people when and where they undertake clinical work (Bardram & Bossen 2005). 

Technology has been advocated as a potential means of improving information 

accessibility (Baldwin et al. 2007) and facilitating the efficiency and effectiveness of 

health care delivery (Institute of Medicine 2012; Sheikh et al. 2011; Shekelle et al. 2006; 

Shekelle & Goldzweig 2009).  However, mismatches between the capabilities of the 

technology and the needs and work practices of clinicians may hinder the realisation of 

such benefits (Baldwin et al. 2007; Harkke 2006; Reddy et al. 2005; Tang & Carpendale 

2008).  Fixed computing devices, such as desktop or wall-mounted computers, allow 

easy storage, searching, retrieval, accessing, and sharing of legible information (Dahl et 

al. 2006; Sellen & Harper 2002), but their static nature does not support many aspects of 

mobile work (Bardram & Bossen 2003; Luff & Heath 1998a).  This immobility requires 

clinicians to seek out the location of a computing device in order to electronically 

document or access information (Baldwin et al. 2007; Bardram & Bossen 2005; Cheng 

et al. 2003; Embi et al. 2004; Kushniruk et al. 2006; Luff et al. 1992; McCord et al. 

2007; Tang & Carpendale 2008). 

Mobile computing devices, such as computer carts, tablet computers, and smartphones, 

have been heralded as providing a way to overcome the immobile nature of fixed 

computing devices (Al-Ubaydli 2004; Alsos et al. 2011; Gandsas et al. 2004).  The key 

virtue of mobile computing devices is their inherent mobility; which is promoted as 
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allowing the devices to be utilised, and information to be accessed, where and when it is 

needed (Carroll et al. 2001; Dahl et al. 2006; Lu et al. 2005).  As such, there has been 

great enthusiasm for mobile computing devices.  But is there evidence to substantiate 

assumptions that the mobile nature of mobile computing devices supports clinical work 

practices on hospital wards?  Based on the review of literature, conducted in the 

Literature Review (Chapter 2), the answer to this question is by and large no; with 

existing literature found to have a tendency of viewing mobile computing devices as 

inherently beneficial without clear indication of how this mobility supports clinical work 

practices. 

Although much of the quantitative literature alluded to the mobility of devices for point 

of care (Berner et al. 2006; Carroll et al. 2003; Sintchenko et al. 2005) or bedside use 

(Horng et al. 2012; Rudkin et al. 2006; Shannon et al. 2006), none of these studies 

specifically measured whether mobile devices were used in this manner.  A framework, 

developed and applied in the Literature Review to explore how mobile computing 

devices support clinical work practices (i.e., who is undertaking an activity; what 

resources support undertaking an activity; when the activity is performed; where the 

activity is performed; or how the activity is performed), illustrated that only one of the 

quantitative studies (by VanDenKerkhof et al. (2003)) expressly observed where mobile 

computing device use occurred and addressed the subsequent impact that the location of 

device use had on the study outcomes (i.e., use of mobile computing devices at the 

patient bedside facilitated more comprehensive documentation of pain assessments). 

Several of the qualitative studies reviewed, on the other hand, provided indications of 

where the use of mobile computing devices occurred.  Studies by Fisher et al. (2006), 

Tang and Carpendale (2008), and Murphy (2008) found that some nurses preferred not 

to take computer carts to the point of care, drawing attention to the fact that 

assumptions about the manner in which mobile computing devices will be used may not 
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always hold true in practice.  As emphasised by Tang and Carpendale (2008), the 

mobile computing device “failed to live up to its intended use as a mobile and 

ubiquitous information artefact” (p.212).  The authors concluded that the mobile 

computing device was not used as intended due to a mismatch between the technology 

and clinical work practices.  

The paucity of evidence in this area highlights the need to explicitly examine the ways 

in which mobile computing devices are used in practice in order to understand if, why, 

and how they are useful in supporting clinical work. 

4.3. Research Objectives 

This stage of the research aimed to determine how mobile computing devices support 

clinical work practices on hospital wards.  To achieve this aim, clinicians’ use of 

computing devices on hospital wards was investigated in order to determine: 

1) the types of tasks clinicians undertake when using mobile computing devices; 

2) the locations in which clinicians use mobile computing devices when undertaking 

clinical tasks; 

3) the fit between clinicians, tasks, and technology; and 

4) the factors that affect the bedside use of mobile computing devices.    
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Chapter 4. Part A: Method  

4.5. Introduction 

As outlined in the previous section, the aim of this stage of the research was to 

determine how mobile computing devices support clinical work practices on hospital 

wards.  The research approach used to conduct this stage of the research, in order 

address the aim, is described in the following Method section.   

The section begins with an overview of the setting in which the research was conducted, 

detailing the context of the study wards, the information system, and the workflow.  The 

research design, strategy, and data collection procedures are discussed, followed by the 

data analysis techniques that were employed.  The section concludes with details of the 

ethical approval for the research.  

4.6. Research Setting 

This stage of the research was conducted at a 320-bed metropolitan teaching hospital in 

NSW, Australia.  Rationale for selection of the hospital as the study site was based on 

three factors.  Firstly, the hospital had an established clinical information system and 

had selected both fixed and mobile computing devices as a means to provide clinicians 

with access to the information system.  As such, the site afforded the opportunity to 

observe, and compare, clinicians utilising both fixed and mobile computing devices 

while undertaking their clinical tasks.   

PART A: METHOD 
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Secondly, although the clinical information system had been in place at the hospital for 

some time, the transition from a paper-based system to a completely electronic system 

can be a prolonged and complex undertaking (Ammenwerth et al. 2003b; Kuhn & 

Giuse 2001).  As such, a number of clinical processes at the hospital remained paper-

based resulting in, what is commonly referred to as, a hybrid system (Dykstra et al. 

2009; Lærum et al. 2004; Sittig et al. 2002).  This availability of paper-based and 

electronic systems at the one site provided the opportunity to compare clinicians’ use of 

paper and computing devices within the same context.    

Finally, in the first stage of this research program, interviews were conducted with 

Health Service representatives and IT vendors regarding the selection of computing 

devices for use on hospital wards.  An emerging theme from these interviews was that 

advice was sought from external sources, such as other hospitals, during device selection 

decision-making processes.  Several of the interviewed Health Service representatives 

identified the selected hospital as being “ahead of the curve” with regards to technology 

and indicated that it was a site from which they had sought advice when making their 

decisions regarding device selection.  This suggested that the hospital would serve as an 

ideal setting in which to investigate the use of mobile computing devices.  

4.6.1. Study Wards and Computing Devices 

From the selected hospital, two wards were chosen in which to undertake the research:  

a 32-bed Cardiothoracic Transplant Ward (Ward A) and a 34-bed Geriatrics Ward 

(Ward B).  The two wards were selected as they were the first and last wards within the 

hospital to receive mobile computing devices; Ward B in April 2005 and Ward A in 

October 2009. 

At the time of the study, there were eight computer carts that were permanently located 

on each of the study wards.  The carts, depicted in Figure 4.1, were available in two 
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styles: an ergonomic computer cart (an integrated computer and cart device) and a 

generic computer cart (a laptop mounted atop a trolley), both of which had 15.2-inch 

screens.  Ward A had five ergonomic and three generic carts, while Ward B had one 

ergonomic cart and seven generic carts.  Both the ergonomic and the generic carts had 

wireless capabilities and could be used to access the clinical information system via the 

hospital’s wireless network.   

 

 Computer Carts   

 Ergonomic Cart    Generic Cart  
    

  
    

Ward A (n=5); Ward B (n=1) Ward A (n=3); Ward B (n=7) 
    

Figure 4.1. Examples of an Ergonomic and a Generic Computer Cart 

 

In addition, rather than one central nursing station, the wards had several designated 

areas, known as workbays, where desktop computers were stationed and paper-based 

medical records (for the patients on the ward) were kept (depicted in Figure 4.2).  Each 
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workbay had one desktop computer and a set of shelves that housed the most frequently 

used paper forms and the paper-based medical records of the patients occupying the five 

to six beds in closest proximity to the workbay.   

 
 

 
 

Figure 4.2. A Typical Workbay with a Desktop Computer and Paper-Based Records  

 

There were six workbays in Ward A and seven in Ward B.  Each ward also had two 

desktop computers in a shared office area and an additional desktop computer in the 

medication room.7  Most of the desktop computers located on the two study wards had 

19-inch screens and all could be used to access the clinical information system via a 

wired network.  The layout of the wards, and general location of the computing devices 

on each ward, is depicted in Figure 4.3. 

                                                      
7  There were additional computing devices located in offices on each ward (for example, desktop 

computers in the nursing unit manager’s office and in the physiotherapists’ office) but these were 

not used by doctors or nurses for clinical tasks and therefore were not included in the study. 
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Figure 4.3. Diagram of the Layout of Ward A and Ward B 
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4.6.2. Information System Context 

As outlined above, the selected hospital had a hybrid system where paper-based and 

electronic systems were utilised in conjunction.  Although the hospital’s clinical 

information system had extensive functionalities not all of the available functions were 

in use at the time of the study; with the hospital undertaking a gradual transitioning 

from paper-based processes to mandatory electronic processes.  For instance, while the 

clinical information system had provisions for the electronic documentation of progress 

notes, the documentation of progress notes remained a paper-based process.  The main 

electronic functions that were in use on the wards at the time of the study are outlined 

below. 

4.6.2.1. The Clinical Information System 

The hospital’s clinical information system was web-enabled and could be accessed by 

authorised personnel from any of the hospital’s hardware computing devices.  The 

system comprised several software applications; some of which were homegrown 

applications, while others were commercially available.  A hyperlink to each application 

was available on the clinical information system homepage.  The three key applications 

utilised on the study wards, included: an electronic medical record (EMR); an electronic 

medications management system (MMS); and an electronic whiteboard.   

The Electronic Medical Record (EMR) 

The EMR provided clinicians with access to a range of patient information, including 

details related to a patient’s current admission and any electronic information related to 

a patient’s previous admissions to the hospital (or its affiliated health care facilities).  

Computerised provider order entry (CPOE) and a picture archiving and 

communications system (PACS) were incorporated into the EMR.  The CPOE allowed 

clinicians to electronically order tests and view test results, including radiology images 
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via PACS.  The wards had also recently commenced using the EMR to electronically 

generate patient discharge summaries.  

The Medications Management System (MMS) 

The MMS allowed clinicians to electronically prescribe medications, alter or cease 

medications, and record the administration of medications.  The system had an inbuilt 

clinical decision support system (DSS) in the form of order sets, prescribing alerts (for 

example, notifications regarding patient allergies or therapeutic interactions), reference 

information about therapeutic guidelines, and instructions regarding the administration 

of medications.  Further decision support was accessible through hyperlinks to the 

Clinical Information Access Portal (CIAP): an online portal, established by a NSW 

Health initiative aimed at promoting evidence-based care, which provided clinicians 

with access to several resources containing extensive information about diseases, 

treatment guidelines, and medication information (NSW Health Support Services 2012).  

The Electronic Whiteboard  

The electronic whiteboard provided clinicians with information regarding patients and 

their location within the hospital.  It contained the contact details of all the hospital 

staff, including both administrative and clinical personnel.  The electronic whiteboard 

also had a function which allowed short text messages to be sent from a computing 

device to an individual’s pager.  

The above software applications (the EMR, MMS, and electronic whiteboard) were 

interoperable in the sense that data could be exchanged between the applications; 

however, each application was accessed as a separate entity.  For example, if a doctor 

wanted to review a patient’s test results they would need to log in to the EMR 

application.  If, based on reviewing of the test results, adjustments needed to be made to 
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a patient’s medications the doctor would need to access the MMS to make the necessary 

changes.  This allowed different clinicians to concurrently utilise different parts of a 

patient’s record.  For example, a nurse conducting a medication administration round 

could utilise the medications management part of a patient’s record to document the 

administration of a medication, while a doctor conducting a ward round at the same 

time could access the same patient’s record to place an order for a blood test.  A 

clinician could also have multiple applications running simultaneously in separate 

windows allowing them to easily switch between different parts of the electronic patient 

record.  Users were logged off the clinical information system following a short period of 

inactivity.    

4.6.2.2. The Paper-Based System    

In a similar fashion to the way in which the electronic patient record was divided across 

different applications, the paper-based patient record was maintained in different 

folders.  There were three types of paper-based medical records used on the study wards, 

including: the hospital medical record; the progress notes record; and the observations 

record.   

The Hospital Medical Record 

The papers forming a patient’s hospital medical record were compiled in a heavy duty 

foolscap manila folder, bound with a tubeclip.  The paper-based hospital medical 

records were generally kept in the hospital’s Medical Record Department and were 

transferred to the necessary ward upon a patient’s admission.  The hospital medical 

record contained all the paperwork from any previous admissions that a patient may 

have had to the hospital.  Upon a patient’s discharge all the paper forms contained 

within the progress notes record and the observations record were relocated to the 

paper-based hospital medical record and returned to the Medical Record Department.    



 

135 
 

The Progress Notes Record 

The progress notes record was an A4 25mm 2D-ring polypropylene binder which 

contained: an admissions form related to a patient’s current admission; any notes from 

the Emergency Department (if the patient had been transferred from the Emergency 

Department to the ward); and a patient’s progress notes.  In addition, while the vast 

majority of test results were computerised, electrocardiogram recordings were printed 

from an electrocardiography machine and filed in the progress notes record.   

The Observations Record  

The observations record was a thinner A4 polypropylene binder, with a steel ring lock 

fastener, and also contained forms related to a patient’s current admission.  These forms 

included a multidisciplinary care plan, vital signs observation chart, and other relevant 

monitoring charts, such as a blood glucose monitoring chart, bowel chart, fluid balance 

summary, or wound assessment and management chart.  In cases where a patient was 

transferred from the Emergency Department, the observations record would also 

contain a paper-based medication chart (which hospital policy required to be entered 

onto the electronic medications management system within 48-hours of a patient’s 

transfer).  The observation record also contained a paper-based medication chart in 

cases where a patient was prescribed certain types of intravenous (IV) therapies, 

including Heparin IV, Warfarin IV, or patient-controlled analgesia.  In addition to 

appearing in the paper-based medication chart, IV therapies were documented in the 

electronic medication management system so as to provide nurses with an electronic 

prompt signalling the necessary administration times for the IV medications.   



 

136 
 

4.6.3. Workflow Context 

As a result of the hospital’s hybrid system, clinicians required the use of both paper-

based medical records and computing devices to undertake their clinical tasks.  To 

facilitate accessibility to the clinical information system, the hospital had provided the 

wards with fixed (desktop computers) and mobile (computer carts) computing devices.  

The computer carts were intended to allow clinicians to access the clinical information 

system at the patient bedside, particularly during ward rounds and medication 

administration rounds.  Accordingly, in order to examine clinicians’ use of mobile 

computing devices and determine how they support clinical work practices, ward 

rounds and medication administration rounds were selected as focal activities to 

investigate for this study.   

Ward Rounds  

Ward rounds generally involved a team of doctors visiting consecutive patients to: 

examine each patient; review their condition; discuss their progress; and determine their 

care plan.  On each of the study wards there were different teams of doctors who 

conducted ward rounds, at least once a day, to review their allocated group of patients.  

The core of each team comprised a senior doctor (a consultant or senior registrar) who 

was responsible for leading the ward round, and two junior doctors8 (a registrar or 

resident, and an intern).  The core team was frequently accompanied by at least one or 

two other health care providers, such as other doctors, a nurse, medical student, or 

allied health professional (e.g., a physiotherapist).  During ward rounds, teams needed 

access to the clinical information system to review test results and the medications 

relevant to each patient, and to place orders for tests, modify medications, or prescribe 

new medications as necessary.  Teams also required paper-based medical records to 

                                                      
8  Classification of doctors as “junior” was based on the Australian Medical Association’s (1998; 

2009) definition of junior doctors as those undertaking clinical training, including registrars, 

residents, and interns.  
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review vital sign observations and monitoring charts, and to document progress notes 

and treatment decisions.   

Medication Administration Rounds 

Medication administration rounds involved a nurse attending to his or her allocated 

group of patients to provide each patient their required medications.  Medication 

administration rounds occurred several times per day on each of the study wards, 

however, nursing numbers and patient allocations differed across the wards.  Within 

Ward A (a 32-bed ward) there were eight nurses on the ward, during the day shift, with 

each nurse allocated to administer medications to four patients.  Within Ward B (a 34-

bed ward) there were six nurses on the ward, during the day shift, with four nurses 

allocated to administer medications to six patients and two nurses allocated to 

administer medications to five patients.  Ward B also had four assistant nurses on the 

ward; however, the assistant nurses were not qualified to administer medications.9  

During medication administration rounds, nurses needed to use the clinical information 

system in order to review each patient’s medication record, determine the medications 

that they needed to prepare for each patient, and document the administration of 

medications.  Nurses also required the paper-based medical records to review and 

document vital sign observations, and to check for paper-based medication charts.   

While ward rounds and medication administration rounds were the focal activities, use 

of computing devices outside of rounds was also examined to try to obtain a more 

holistic picture of clinicians’ work practices on hospital wards. 

                                                      
9  The assistant nurses on Ward B were primarily responsible for attending to patients’ needs 

(such as helping a patient with their bathroom needs) and changing patients’ bed sheets.  The 

assistant nurses also frequently provided support to the nurses that were responsible for 

medication administration by obtaining and documenting vital sign observations.   
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4.7. Research Design and Strategy  

The central objective of this stage of the research was to investigate the use of computing 

devices on hospital wards in order to determine how mobile computing devices support 

clinical work practices.  To fulfil this aim a mixed method research approach was 

employed.  Mixed method research involves the integration of quantitative and 

qualitative research approaches (Hewson 2006; Johnson et al. 2007; Sittig et al. 2002; 

Teddlie & Tashakkori 2003).  The premise of mixing quantitative and qualitative 

research approaches (to answer applicable research questions) is that their use in 

combination can provide greater breadth and depth of understanding than using a 

quantitative or qualitative approach in isolation (Creswell & Plano-Clark 2007; Greene 

& Caracelli 1997; Hewson 2006; Johnson & Onwuegbuzie 2004; Johnson et al. 2007).   

Creswell and Plano-Clark (2007) outline six major types of mixed method research 

designs: the convergent parallel design; the explanatory sequential design; the 

exploratory sequential design; the embedded design; the transformative design; and the 

multi-phase design.  The primary distinction amongst the designs lies in: the level of 

interaction (independent or interactive); timing (concurrent, sequential, or multi-phase 

combination); prioritisation (quantitative priority, qualitative priority, or equal priority); 

and mixing (during data collection, during data analysis, or during data interpretation) 

of the quantitative and qualitative “strands” (or components) of the research.  The 

convergent parallel design, for example, involves conducting the quantitative and 

qualitative strands of research independently but concurrently, with equal prioritisation 

given to both strands, and mixing of the strands occurring at the point of result 

interpretation.  The explanatory sequential design, on the other hand, prioritises the 

quantitative strand of the research, which is conducted and analysed first, followed by a 

supplementary qualitative strand, with mixing of the strands occurring at the point of 

data collection (Creswell & Plano-Clark 2007).    
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The mixed method design adopted for this study was the embedded design.  The 

embedded design prioritises one strand of research and embeds the supplementary 

strand so that the strands are interactive (Creswell 2009; Creswell & Plano-Clark 2007).  

Data for both strands of research are collected concurrently and can be mixed during 

either data analysis or interpretation.  Accordingly, for the present study, the 

quantitative strand was prioritised and the qualitative strand was embedded, with 

mixing of the strands occurring at the stage of data interpretation.  This mixed method 

research approach was chosen for several reasons.  Based on Bryman’s (2006) detailed 

list of reasons for conducting mixed method research, developed from a review of 232 

articles, these reasons included:  

 completeness – that is, attaining a comprehensive account of the area of inquiry;  

 context – coupling an understanding of both context and relationships amongst 

variables;  

 illustration – utilising qualitative data to help illustrate quantitative findings; and  

 explanation – utilising qualitative data to help explain quantitative findings.   

4.7.1. Mixed Method Research Paradigm 

All approaches to research are underpinned by paradigms10 that influence the practise of 

research; be they implicit or explicitly acknowledged.  Qualitative research approaches, 

for example, are traditionally guided by the interpretivist or constructivist paradigm, 

while quantitative research approaches are traditionally grounded in the positivist or 

                                                      
10  As established in the preceding chapter, paradigms can be defined as “frameworks for thinking 
about research design, measurement, analysis, and personal involvement” (Morgan 2007, p.50). 

Working within this definition allows the researcher to shift between different paradigms as they 
perceive necessary. Indeed, Patton (1982) underscores the value in making “mind shifts back and 

forth between paradigms” (p.190) and believes it demonstrates flexibility and responsiveness of 

the researcher. Accordingly, although a constructivist paradigm was adopted in the preceding 

chapter it was not apt for the purposes of this chapter and a pragmatic paradigm was adopted 

instead.     
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postpositivist paradigm (Creswell & Plano-Clark 2007; Greene & Caracelli 1997; Guba 

& Lincoln 1994; Teddlie & Tashakkori 2009).  Initially there was much contention 

amongst researchers regarding the integration of qualitative and quantitative research 

approaches as their respective paradigms were viewed as incompatible: characterised by 

Gage (1989) as the “paradigm wars”.  Teddlie and Tashakkori (2009) attest, however, 

that the paradigm debate has largely been resolved, with pragmatism emerging as the 

primary paradigm of choice for mixed methods research approaches. 

Pragmatism advocates situational responsiveness (Greene & Caracelli 1997) and 

“orients itself towards solving practical problems in the real world” (Feilzer 2010, p.8).  

It promotes methodological pluralism and assumes that “what will work best is often a 

combination of different methods” (Greene & Caracelli 1997, p.8).  A pragmatic 

paradigm doesn’t stipulate a specific methodology, or steps that are to be followed, but 

rather places emphasis on the research question and the selection of methods offering 

the best potential to obtain answers to that question (Creswell 2009; Feilzer 2010; 

Johnson & Onwuegbuzie 2004).  For the present study, the limitations identified in the 

quantitative and qualitative studies reviewed in the Literature Review (Chapter 2), in 

that they did not clearly demonstrate how mobile devices support clinical work, 

suggested the need for an integrative approach when assessing the use of mobile 

computing devices.  As such, the quantitative approach of structured observation was 

employed to examine the ways in which clinicians utilise mobile computing devices in 

practice, in combination with the qualitative approaches of field notes and interviews.    

4.7.2. Structured Observation, Field Notes, and Informal Interviews 

Observing how technology is used for conducting work has long been recognised as an 

effective method for assessing the usability of technology (Neilsen 1993).  Observation 

allows researchers to be first-hand witnesses and uncover what is actually occurring, as 
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opposed to solely relying on accounts of what people say occurs (Ampt et al. 2007; 

Arabadzhiyska et al. 2013; Ash & Guappone 2007; Bogdewie 1992; Garwood 2006; 

Patton 1990; Sorby et al. 2010).  As such, observation can be particularly valuable for 

determining whether technology is utilised in expected or unexpected ways, and for 

identifying underlying issues that may impact on how technology is used in practice 

(Baysari et al. 2011a).  As stated by Berg (1999):  

“It is difficult to acquire a feeling for the intricate interrelations between health care 

professionals and (paper or electronic) documentation techniques without having seen the 

work patterns itself” (p.93).  

Observation can yield vast amounts of information on individuals, their working 

practices, and their use of technology as it happens.  The use of structured observation, 

where the variables of interest are established and clearly defined prior to conducting 

observations (Bowling 2009; Brown & Lloyd 2001; Mulhall 2003), provides a systematic 

approach to collecting such data (Garwood 2006).  Garwood (2006) highlights, 

however, that a limitation of structured observation is the potential for excluding 

behaviours that may be of importance.  Documenting field notes alongside observation 

is said to help minimise this limitation (Bogdewie 1992).  Field notes, which can include 

brief notations or jottings (Thrope 2008), allow researchers to capture observed 

behaviours that were not pre-empted in the scope of the structured observation but that 

are valuable in contributing to understanding the phenomena of interest (Bogdewie 

1992).    

Undertaking interviews with observed participants can also further understanding of the 

issues being investigated.  Researchers have frequently utilised observation in 

combination with interviews when assessing the use and impact of technology in 

hospital settings (Ash et al. 2009; Ash et al. 2007b; Baysari et al. 2011a; Callen et al. 

2013b; Campbell et al. 2009; Koppel et al. 2005; Koppel et al. 2008; Russ et al. 2009).  
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Interviews are said to “complement observation by helping answer questions about what 

was seen in the field” (Ash & Guappone 2007, p.S36).  Informal interviews, that is, 

discussions between the researcher and participant that occur spontaneously during 

observation, are suggested to be a particularly valuable source of data (Friedman & 

Wyatt 1997).  They can provide explanations and help uncover motives or causes for a 

participant’s actions, which may not be observable (such as the influence of attitudes 

towards the use of technology), directly after the actions have occurred. 

4.8. Data Collection Procedure 

The initial step of the data collection procedure involved the development of a data 

collection tool to record the observations, field notes, and interviews.  As the key 

research technique employed was structured observation, this required the development 

of a structured observation schedule that clearly delineated the variables to be observed 

(Bowling 2009; Brown & Lloyd 2001; Mulhall 2003) and established precise definitions 

for each variable (Bowling 2009; Garwood 2006).  In addition, as an embedded mixed 

method approach calls for both the quantitative and the qualitative strands of data to be 

collected during one data collection phase, the data collection tool also needed to have 

an unstructured component to allow recording of the qualitative data.  As a starting 

point, an existing, validated, structured observation tool was examined for suitability.  

Westbrook et al.’s (2007; 2008; 2009) work observation method by activity timing 

(WOMBAT) tool provides an electronic means to capture multiple dimensions of 

clinicians’ work tasks, including the task being conducted and the means used to 

complete the task.  As the data collection tool for this present study required the 

flexibility to capture both quantitative and qualitative data, the WOMBAT tool could 

not be utilised and a paper-based data collection form was developed instead.    
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The variables of interest to be captured by the data collection form were informed by: (i) 

the findings from the review of literature conducted in Chapter 2; (ii) the findings from 

the first stage of research outlined in Chapter 3; and (iii) the underpinning theoretical 

framework (Ammenwerth et al.’s FITT framework).  The variables, which aimed to 

capture clinical work activities and use of devices, included the: activity being conducted 

(i.e., ward round, medication round, or outside of round); task being performed (e.g., 

administer medication, order medication, order test, document progress notes); device 

used to perform the task (e.g., desktop computer, computer cart, paper-based medical 

record); interaction with another individual while using a device; location in which the 

device is used to perform a task (e.g., patient bedside, corridor, medication room); and 

factors impeding the use of mobile computing devices at the patient bedside (e.g., lack of 

space, infection control/isolation room).  For ward rounds additional variables, aimed 

at capturing information exchange, included the: information being exchanged (e.g., 

information regarding medications, test results, diagnosis, general health); person 

involved in the exchange of information; and the period of time the exchanged 

information related to (i.e., information from the last 24 hour period, information from 

a patients’ current hospital attendance; or information from a patients’ past hospital 

attendance.  The data collection form also contained a section to allow free text from the 

field notes and interviews to be documented.  The data collection form is illustrated in 

Figure 4.4.  Detailed definitions for each of the above variables were established and 

outlined in a comprehensive data collection protocol (Appendix C.3).  Definitions for 

the observed tasks were based on the WOMBAT work tasks and their associated 

definitions (as presented in Westbrook et al. (2008)).   
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Data Collection Form Date __} __}2011 Ward _____ _ 

Session ID ______ _ Partidpant ID ------ Start Time _____ _ End Time _____ _ 

WORK ACTIVITIES & USE OF DEVICES INFORMATION EXCHANGE 
Activity Device/Resource Location Impede Interact Task Exchange Person Period 

F - FO.od Desktop PC 8 - Pitlient Bedside lfmobik: device not :a: u~inc :a deW::e /r~t~- Reque:rt & ~porue 
lnchidl.J.~I lnfo&om: W - W ord inrvoMed in CC - Computer Can R-P.atient Room beds.ide, wfty? with anothe r ~~rdin,~ - OC-Other Computing c- eomoor infouch~n;ec L- La test 

M-Med s - Lock af Spaa! 0-Doctor (Refer to t~k codes M-Meds 
Admin Round 

DevKe W-WoO:bay 
riSted in rom panel) D- Doctor (l:a::t24 h rs) 

PR - I'>J>I!'" Record M - Mediu tion Room IC - Infection N - Nu,.. T - Test Re"'lts N - Nurse C- OJrre:nt 
0 - 0ut:side 

OP- Other Po per T- lnTramit Conttol Room M -PhMTNcist D- OUcnosis M - 1'1\armacist Attenda~ 
ofROU'lds 

S - Shared OffJCe Area P-PO'Ner Issue P - Poltie:nt H - Genenl Health P-P~t 0-0ther P- Patient 
(e..c. Ju!ld. m-c.moriH") 0 - 0the< 0 - 0ther 0 - 0ther 0 - 0ther 0-0ther Artendaro 

TASK CODES WIMIO F I cc I oc I PR I OP I 0 BIRICIWIMITIS IO s IIC I p I 0 DINIMIPIO Code MIT IDI HIO DIN IMIPIO L I c I p 
DID IO D IDID ID ID ID DIDIDIDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID D ID IO 

RS- Review Summary Information 
RR - Review Patient Record DIDIO D ID ID ID ID ID DIDIDID IDIDID ID D IDI DID DIDIDIDID DIDID ID ID DIDIDIDID DIDIO 

PM- Prepare Medication DID IO D IDID ID ID ID DIDIDIDIDIDID ID DIDIDID DIDIDIDID DID IDIDID DI DIDIDID DID IO 
AM - Administer Medication 
WM- Wotness Medication DID IO D ID IDI D ID ID DIDIDID IDIDIDID DI DI DID DIDIDIDID DIDID ID ID DIDIDIDID DIDIO 

OM- Order Medication DID IO D IDID ID ID ID DIDIDIDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID D ID IO 
CM - Modify Medication 
IM - Lookup Medication Information DIDIO D ID ID ID ID ID DIDIDIDIDIDID ID D IDI DID DIDIDIDID DID IDID ID DID IDIDID DID IO 

OT- Order Test DID IO D ID IDI D ID ID DIDIDIDIDIDIDID DI DI DID DIDIDIDID DID IDID ID DI DIDIDID DID IO 
RT- Review Test Results 

DID IO D ID IDID ID ID DIDID IDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID DID IO 
DV- Document Vitals/Observations WIMIO F I cc I oc I PR I OP I 0 BIRICIWIMITIS IO s IIC I p I 0 DINIMIPIO Code MIT IDI HIO DI NIMIPIO L I c I p DP - Document Progress Notes 

DID IO DID IDID ID ID DIDIDID IDID IDID D ID IDID DIDIDIDID DID IDID ID DIDIDIDID D ID IO 01- lookup Disease Information 

OS - Document Discharge Summary DID IO D ID ID ID ID ID DIDID IDIDIDI DI D D IDID ID DIDIDIDID DID IDID ID DID IDIDID DID IO 

0 - Other Task DID IO DID IDID ID ID DIDIDID IDID IDID D ID IDID DIDIDIDID DIDIDID ID DIDIDIDID DID IO 

DIDIO D ID ID ID ID ID DIDID IDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID DID IO 

DID IO DI D IDI D ID ID DIDIDID IDIDI DID DIDI DID DIDIDIDID DID ID IDID DID IDIDID D IDI O 

DID IO DID IDI D ID ID DIDIDID IDIDIDID DI DI DID DIDIDIDID DIDID ID ID DIDIDIDID DIDIO 

If Ward Round - Primary Devi<e/ DID IO D IDID ID ID ID DIDIDIDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID DID IO 
Resource Used by Doctor Leading 
the Team DIDIO D ID ID ID ID ID DIDIDIDIDIDID ID D IDID ID DIDIDIDID DID IDID ID DID IDIDID DID IO 

NOTES--------------------------------------------------------------

Page __ of __ 
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An initial pilot study was carried out in one of the study wards to test the data collection 

form and protocol.  Researchers, such as Teijlingen van and Hundley (2001), consider 

pilot studies to be “a crucial element of a good study design” (page e1).  Pilot studies are 

advocated as a means to improve a study by identifying its strengths and weaknesses 

(Kermode & Roberts 2006; van Teijlingen & Hundley 2001).  Any problems that are 

identified during the pilot study can subsequently be rectified prior to undertaking the 

main study.  The pilot study was conducted across two days (28th and 29th of July 2011).  

Five clinicians were recruited to participate in the pilot study; four nurses and one 

doctor.  In total, the participating clinicians were observed for 9 hours and 35 minutes.  

The pilot study resulted in minor changes to the data collection form and clarifications 

being made to the study protocol.  Data collected during the pilot was, therefore, not 

included as part of the main study to avoid any potential data collection inconsistencies 

(Kermode & Roberts 2006; van Teijlingen & Hundley 2001).   

Data collection for the study was conducted between 1st August 2011 and 30th 

September 2011 between the hours of 7am and 5pm, Monday to Friday.  Information 

sessions were conducted prior to the commencement of data collection on each of the 

two study wards in order to provide clinicians with details regarding the study and an 

information statement (Appendix B.2) inviting them to participate in the study.  

Clinicians who were not present at the information sessions were approached in person 

and provided with an information statement.  It was stressed to all potential participants 

that involvement in the study was voluntary and that there would be no negative 

implications to those electing not to take part.  Of the clinicians that were provided with 

an information statement, only one declined to partake in the study.  All other clinicians 

provided signed consent.   

Clinicians were observed in the course of their daily work.  Observations focused on one 

clinician per session.  Where the clinician was part of a ward round team, only data 
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relevant to one clinician’s actions was recorded for that session (as it was not feasible to 

collect data for more than one clinician at a time).  Each observation session lasted a 

maximum of two hours and no one clinician was observed for more than 10 hours in 

total.  There were no set criteria for the selection of observed clinicians; they were 

chosen at random from those that were on the study ward on any given day that 

observations were conducted.  Informal interviews were carried out opportunistically 

during observations when clarification was needed and the situation allowed.  

4.9. Analysis of Data 

The collected data were first transcribed from the paper-based data collection forms into 

Microsoft Excel.  The structured observational data was re-coded from letters (i.e., W = 

ward round; M = medication administration round; O = outside of rounds) to numbers 

(i.e., 1 = ward round; 2 = medication administration round; 3 = outside of rounds).  

This facilitated exporting of the data into SPSS (Version 20) for quantitative analysis.  

Within SPSS, descriptive statistics were used to calculate frequencies of the collected 

variables, including: tasks conducted by doctors and nurses; devices used to conduct 

tasks; and locations in which tasks were conducted.  The data were examined overall 

(i.e., data from the two study wards was merged to obtain overall frequencies), as well 

as individually for each of the study wards.  This was done to determine if there were 

any important differences between the two wards and also as a means to validate the 

data (i.e., if there were distinct differences between the wards, could a valid reason for 

the difference be identified).  To examine differences between the two study wards the 

Newcombe-Wilson method for calculating confidence intervals between two 

independent proportions was used (Newcombe 1998).  An online confidence interval 

calculator was utilised to perform this analysis (http://www.pedro.org.au/wp-

content/uploads/CIcalculator.xls).  Confidence intervals were calculated at the 95% 

confidence level.  

http://www.pedro.org.au/wp-content/uploads/CIcalculator.xls
http://www.pedro.org.au/wp-content/uploads/CIcalculator.xls
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The qualitative data obtained from the field notes and interviews were analysed for 

common themes, particularly regarding the factors affecting device use.  The emerging 

qualitative findings are presented alongside the quantitative findings (in the ensuing 

results section of this chapter) to provide explanations, illustrative examples, or 

contextual information where possible.     

4.10. Ethical Approval 

Ethical and scientific approval for this stage of the research was granted by a NSW 

Health lead Human Research Ethics Committee (Appendix E.2).  The approved 

protocol was also ratified by The University of New South Wales Human Research 

Ethics Committee.  Authorisation to commence the research within the study site was 

granted by the Executive Director of the hospital.  As per the approvals, conduct of the 

research adhered to the National Statement on Ethical Conduct in Research Involving 

Humans (NHMRC 2007).  All potential participants were provided with a copy of an 

information statement that outlined details about the study, what involvement in the 

study entailed, and the researcher’s contact details should potential participant wish to 

seek additional information.  Signed consent, acknowledging the participants choice to 

partake in the study, was obtained from each participant prior to their inclusion in the 

study.   

4.11. Conclusion 

The information presented above described the method used to conduct this stage of the 

research.  An embedded mixed method research approach was employed, comprising 

structured observation, field notes, and interviews.  Results from the analysis of the 

collected data are presented in the following section (Chapter 4. Part B: Results). 

 



 

148 
 

Chapter 4. Part B: Results  

4.12. Introduction 

The previous section (Part A: Method) described the methodological approach that was 

used to undertake this stage of the research, including: the research design (embedded 

mixed method); the research paradigm (pragmatism); and the data collection procedures 

(structured observation, field notes, and informal interviews).  Part A also provided 

detailed contextual information regarding the setting in which the research was 

conducted: a Cardiothoracic Transplant Ward (Ward A) and a Geriatric Ward (Ward 

B) within a metropolitan teaching hospital.   

The ensuing results section presents the findings resulting from analysis of the data 

collected via the observations, field notes, and interviews carried out on the two study 

wards.  The findings describe clinicians’ use of paper, fixed computing devices, and 

mobile computing devices when undertaking: medication administration round tasks; 

ward round tasks; and tasks outside of rounds.  The findings also identify the locations 

where clinicians undertook tasks, while using paper or computing devices, in order to 

distinguish the specific manner in which mobile computing devices were used to support 

clinical work practices. 

PART B: RESULTS 
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4.13. Participant Demographics 

Across the two study wards a total of 38 clinicians participated in the observational 

aspect of the study.  The characteristics of the participating clinicians, including their 

age group, level of qualification, years of clinical experience, and years working on the 

study ward, are outlined in Table 4.1.  Each of the 38 clinicians was observed at least 

once during the study period.  Twenty-seven clinicians also participated in interviews, 

which sought to obtain explanations regarding observed events. 

Table 4.1. Characteristics of the Study Participants 

Participating Clinicians  (n=38) 

Nurses  (n=26)  Doctors  (n=12) 

 n %   n % 

Gender   Gender   

 Female 19 73.1   Female 6 50.0 

 Male 7 26.9   Male 6 50.0 

      
Age Group    Age Group   

 18-24 8 30.8  18-24 - - 

 25-34 11 42.3   25-34 7 58.3 

 35-44 4 15.4   35-44 4 33.3 

 45-54 2 7.7   45-54 1 8.3 

 55-64 1 3.8  55-64 - - 

      
Qualification Level   Qualification Level   

 Endorsed Enrolled Nurse 3 11.5   Intern  4 33.3 

 Registered Nurse 23 88.5   Resident  2 16.7 

      Registrar 4 33.3 

      Consultant  2 16.7 

      
  Median Range  Median Range 

Years of Clinical Experience 2 0.1 – 25  Years of Clinical Experience 2.8 0.5 – 18 

Years on Study Ward 1 0.1 – 12  Years on Study Ward 0.5 0.1 – 6 
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Participant recruitment was evenly distributed across the two study wards with 19 

clinicians representing each ward.  Fourteen nurses and five doctors were observed on 

the first study ward (Ward A), while 12 nurses and seven doctors were observed on the 

second study ward (Ward B). 

4.14. Observation Session Statistics 

A total of 89 observation sessions were conducted across the two study wards; with field 

notes documented during two thirds of observation sessions and interviews conducted 

either during or directly following half of the observation sessions.  The observation 

sessions were categorised into one of three activities: medication administration round; 

ward round; or outside of rounds.  During 20 observation sessions the clinicians being 

observed undertook activities which fell under two activity categories (for example, 

during an observation session a doctor was observed participating in a ward round after 

which he commenced administrative activities outside of the round).  Hence, a total of 

109 activity sessions were observed across the two study wards.  Of the 109 sessions, 49 

(45.0%) were medication administration rounds, 32 (29.4%) were ward rounds, and 28 

(25.7%) were outside of rounds activities.   

During medication administration rounds only nurses were observed, while during ward 

rounds only doctors were observed.  Outside of rounds both nurses and doctors were 

observed.  In total, nurses were observed in the course of 73 (67%) activity sessions, 

while doctors were observed during 36 (33%) activity sessions.  The observations were 

conducted for a total of 90 hours and 45 minutes.  The average duration of an 

observation session was approximately 1 hour.  Medication administration rounds 

accounted for 45 hours and 10 minutes (49.8%), ward rounds for 28 hours and 50 

minutes (31.8%), and outside of rounds accounted for 16 hours and 45 minutes (18.5%) 
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of the total observation period.  Nurses were observed for a duration of 57 hours and 5 

minutes (62.9%), while doctors were observed for 33 hours and 40 minutes (37.1%).    

A total of 4,423 tasks were recorded during the observations across the two study wards.  

Of the 4,423 tasks, 2,321 (52.5%) tasks were recorded during medication administration 

rounds, 1,444 (32.6%) tasks during ward rounds, and 658 (14.9%) tasks outside of 

rounds.  Nurses conducted 2,753 (62.2%) of the observed tasks and doctors conducted 

1,670 (37.8%) observed tasks.   

Distribution of the number of observed activity sessions, their total duration, and the 

number of tasks recorded in each of the two study wards is presented in Table 4.2. 

Table 4.2. Distribution of Observed Activity Sessions, Their Total Duration, and the 

Number of Tasks Recorded within the Two Study Wards 

Study Ward A Study Ward B 
       

Activity Sessions (n=54) n % Activity Sessions (n=55) n % 

      

 Medication Round 24 44.4 
 

Medication Round 25 45.5 

 Ward Round 16 29.6 
 

Ward Round 16 29.1 

 Outside of Rounds 14 26.0 
 

Outside of Rounds 14 25.5 

                   
min % 

 
min % Total Duration (min=2,725)  Total Duration (min=2,720) 

      

 Medication Round 1,495 54.9 
 

Medication Round 1,215 44.7 

 Ward Round 740 27.2 
 

Ward Round 990 36.4 

 Outside of Rounds 490 18.0 
 

Outside of Rounds 515 18.9 

                   
n % 

 
n % Tasks Recorded (n=2,304)  Tasks Recorded (n=2,119) 

      

 Medication Round 1,323 57.4 
 

Medication Round 998 47.1 

 Ward Round 669 29.0 
 

Ward Round 775 36.6 

 Outside of Rounds 312 13.5 
 

Outside of Rounds 346 16.3 

      
min = minutes 
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4.15. Results from Observations, Field Notes, and Interviews 

The observations, field notes, and interviews were carried out on the study wards in 

August (Ward A) and September 2011 (Ward B).  Findings emerging from the collected 

data are presented under the three activity categories:  

 medication administration rounds; 

 ward rounds; and  

 outside of rounds. 

4.16. Medication Administration Rounds 

Across the two study wards, nurses were observed in the course of 49 medication 

administration rounds over a period of 45 hours and 10 minutes, during which 2,321 

tasks were recorded.  Of these 2,321 tasks, 1,323 tasks were observed in Ward A and 

998 tasks were observed in Ward B.  Data pertaining to nurses on medication 

administration rounds were analysed in order to determine: 

 the tasks conducted by nurses; 

 the means (i.e., paper or computing devices) by which nurses conducted tasks; 

 the locations where nurses used paper or computing devices while performing tasks; 

 the issues affecting bedside use of mobile computing devices; and 

 the use of paper or computing devices during interactions with another individual.   
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4.16.1. Tasks Conducted by Nurses on Medication Administration Rounds 

That Involved Paper or Computing Devices 

The collected data were assessed to identify the types of clinical tasks nurses conducted 

during medication administration rounds for which they required the use of paper or 

computing devices.  Overall, across the two study wards, nurses were most frequently 

observed: accessing information to prepare medications (n=816; 35.2%); documenting 

the administration of medications (n=809; 34.9%); and reviewing a patient’s record 

(n=357; 15.4%).  The types of tasks nurses undertook on medication administration 

rounds, and the frequency with which each of these tasks was performed, was found to 

be largely consistent within each of the two study wards (Table 4.3).   

Table 4.3. Type and Frequency of Tasks Conducted by Nurses on Medication 

Administration Rounds in the Two Study Wards 

 Tasks  Ward A  (n=1,323)  Ward B  (n=998) Total 

 n % (95% CI) n % (95% CI) n % 

 Prepare Medication 484 36.6 (34.0–39.2) 332 33.3 (30.4–36.2) 816 35.2 

 Administer Medication 458 34.6 (32.1–37.2) 351 35.2 (32.3–38.2) 809 34.9 

 Review Patient’s Record 191 14.4 (12.6–16.4) 166 16.6 (14.5–19.1) 357 15.4 

 Document Observations 58 4.4 (3.4–5.6) 15 1.5 (0.9–2.5) 73 3.1 

 Modify Medication 27 2.0 (1.4–3.0) 37 3.7 (2.7–5.1) 64 2.8 

 Witness Medication 33 2.5 (1.8–3.5) 24 2.4 (1.6–3.6) 57 2.5 

 Review Summary Info 17 1.3 (0.8–2.0) 34 3.4 (2.4–4.7) 51 2.2 

 Document Other Note 26 2.0 (1.3–2.9) 15 1.5 (0.9–2.5) 41 1.8 

 Lookup Medication Info 13 1.0 (0.6–1.7) 19 1.9 (1.2–3.0) 32 1.4 

 Review Test Results 9 0.7 (0.4–1.3) 3 0.3 (0.1–0.9) 12 0.5 

 Other Tasks 7 0.5 (0.3–1.1) 2 0.2 (0.1–0.7) 9 0.4 

         
CI = Confidence Interval; Info = Information 
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As well as conducting medication related tasks (such as preparing and administering 

medications) nurses were observed documenting vital sign observations and, less 

frequently, reviewing results.  When asked why such tasks were conducted during 

medication administration rounds a nurse explained that a patient’s blood pressure or 

blood sugar levels could affect whether some medications were subsequently 

administered or withheld and, therefore, needed to be checked (Nurse 12).  The 

frequency with which the documentation of vital sign observations occurred varied 

across the two study wards; with the documentation of observations accounting for 

4.4% (95% CI 3.4–5.6) of observed tasks in Ward A but only 1.5% (95% CI 0.9–2.5) in 

Ward B.  This may have been attributable to the presence of assistant nurses on Ward B 

(not included in the study) who regularly provided assistance to the nurses that were 

responsible for medication administration by obtaining and documenting vital sign 

observations.  In line with this difference, nurses on Ward B were observed reviewing 

patient information (such as documented vital sign observations) slightly more often 

than nurses on Ward A (16.6%; 95% CI 14.5–19.1 and 14.4%; 95% CI 12.6–16.4 

respectively). 

4.16.2. Means by Which Nurses Conducted Tasks on Medication 

Administration Rounds 

The collected data were examined to determine the means (i.e., paper or computing 

devices) by which nurses conducted tasks on medication administration rounds.  Nurses 

were observed to employ: mobile computing devices (computer carts); fixed computing 

devices (desktop computers); paper-based medical records; and temporary resources 

(such as a printed handover sheet or scrap piece of paper).  As the tasks that nurses 

conducted during medication administration rounds were predominantly computerised, 

nurses naturally utilised computing devices to complete the majority of observed tasks 

(n=1,885; 81.2%).  Of the available computing devices (computer carts and desktop 
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computers) nurses across the two wards by and large utilised computer carts (n=1,804; 

77.7%); with desktop computers found to be the least prevalent means by which nurses 

performed tasks on medication administration rounds (n=81; 3.5%).  Nurses that were 

asked about their use of computing devices on medication administration rounds 

expressed a preference for computer carts.  Two nurses explained that the reason they 

preferred using computer carts on medication administration rounds was the ease of 

information accessibility, at the point at which it was needed, that the computer carts 

provided (Nurse 12 and Nurse 15).     

As illustrated in Table 4.4, there were differences in the frequency with which 

computing devices were used within each of the two study wards.  Nurses on Ward B 

were observed to use computer carts during medication administration rounds more 

often than nurses on Ward A (82.9%; 95% CI 80.1–85.1 and 73.8%; 95% CI 71.4–76.1 

respectively).  Conversely, nurses on Ward A used desktop computers, as well as paper-

based medical records and temporary resources, more often than nurses on Ward B. 

Table 4.4. Type and Frequency of Means by Which Nurses Performed Tasks on 

Medication Administration Rounds in the Two Study Wards 

  Ward A  (n=1,323)  Ward B  (n=998) Total 

 n % (95% CI) n % (95% CI) n % 

Computer Cart 977 73.8 (71.4–76.1) 827 82.9 (80.4–85.1) 1,885 81.2 

Paper-Based Record 194 14.7 (12.9–16.7) 100 10.0 (8.3–12.0) 294 12.7 

Temporary Resource 97 7.3 (6.0–8.9) 45 4.5 (3.4–6.0) 142 6.1 

Desktop Computer 55 4.2 (3.2–5.4) 26 2.6 (1.9–3.8) 81 3.5 

         
CI = Confidence Interval 

  

 
 

The variation in the frequency with which nurses on the two study wards employed 

different means to perform tasks was due, in part, to differences in nursing numbers.  On 
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Ward A eight nurses concurrently undertook medication administration rounds, while 

on Ward B six nurses concurrently undertook medication administration rounds; with 

eight computer carts available on each ward.  Nurses on Ward A explained that there 

was competition for the use of computer carts as doctors conducted their ward round at 

the same time as the morning medication administration rounds.  One nurse referred to 

this competition as a “battle”; which she indicated that doctors often won (Nurse 8).  

Another nurse reported that when there were no computer carts available she would use 

a desktop computer and transcribe details about the medications her patients required 

onto her printed handover sheet so that she could take the information with her.  She 

would then prepare the medications, administer them to her patients, and locate an 

available computing device to document that the medications had been administered 

(Nurse 2).   

Competing access was also noted to be an issue with paper-based medical records.  In 

one instance, a nurse had taken several paper-based medical records for the patients that 

she was visiting during the medication administration round and placed them in the 

basket of a computer cart (a practice which was common amongst both nurses and 

doctors, and which is depicted in Figure 4.5).  While the nurse was attending to a 

patient, a doctor was seen taking two of the paper-based medical records from the 

computer cart basket.  When the nurse obtained vital sign data from the two patients, 

she had to document the observations data on a temporary resource (a printed handover 

sheet), which she then later transcribed into the paper-based medical record.  Similarly, 

another nurse was unable to access a paper-based medical record to document the vital 

sign observations for one of his patients as a ward round team were in possession of the 

record.  When the nurse noticed that the ward round team were reviewing that patient, 

the nurse advised one of the doctors on the team that the vital sign data in the patient’s 

paper-based medical record were not the most current and verbally relayed the latest 
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observations; which the nurse had documented on a temporary resource (in this case, on 

a scrap piece of paper). 

 

    

Figure 4.5. Computer Cart with Paper-Based Medical Records in the Basket  

 

Another finding of interest was that, despite their availability on both wards, nurses 

were not observed to use paper-based textbooks when conducting tasks such as looking 

up medication information during medication administration rounds.  Nurses were only 

observed looking up medication information electronically: via a computer cart (n=28; 

1.2% of observed tasks) or a desktop computer (n=3; 0.1%).  Nurses commented that 

they used computing devices to lookup medication information because of the ease of 
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locating the information they needed and because it saved them from having to search 

the ward for a paper-based textbook (Nurse 2, Nurse 12, Nurse 13, and Nurse 19).  One 

nurse stated that she liked having the ability to lookup medication information, 

particularly via the computer cart, because it allowed her to easily double check things 

she was uncertain about while she prepared medications (Nurse 15).   

4.16.3. Locations Where Nurses Used Paper or Computing Devices While 

Performing Tasks on Medication Administration Rounds 

Nurses were found to conduct tasks, for which they used paper or computing devices, in 

a range of locations throughout the ward including: patients’ bedsides (n=1,336; 57.6%); 

the medication room (n=369; 15.9%); the corridors of the ward (n=336; 14.5%); 

patients’ rooms (n=123; 5.3%); in transit (n=75; 3.2%); the workbays (n=63; 2.7%); and 

the shared office area (n=19; 0.8%).  The frequency with which nurses were observed in 

each of these locations was largely consistent across the two study wards (Table 4.5). 

Table 4.5. Frequency of Tasks Performed in Different Locations for Which Nurses 

on Medication Administration Rounds Used Paper or Computing Devices in the 

Two Study Wards  

  Ward A  (n=1,323)  Ward B  (n=998) Total 

 n % (95% CI) n % (95% CI) n % 

Patients’ Bedsides 761 57.5 (54.8–60.2) 575 57.6 (54.5–60.6) 1,336 57.6 

Medication Room  215 16.2 (14.4–18.3) 154 15.4 (13.3–17.8) 369 15.9 

Corridors 198 15.0 (13.1–17.0) 138 13.8 (11.8–16.1) 336 14.5 

Patients’ Rooms 63 4.8 (3.7–6.0) 60 6.0 (4.7–7.7) 123 5.3 

In Transit 37 2.8 (2.0–3.8) 38 3.8 (2.8–5.2) 75 3.2 

Workbays 32 2.5 (1.7–3.4) 31 3.1 (2.2–4.4) 63 2.7 

Shared Office Area 17 1.2 (0.8–2.0) 2 0.2 (0.1–0.7) 19 0.8 

         
CI = Confidence Interval 
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Nurses were observed to employ the use of computer carts and paper-based medical 

records on at least one occasion in each of the identified locations.  The use of desktop 

computers was restricted to the medication room, workbays, and shared office area as 

they were only accessible in these locations.  The locations found to reflect the most 

salient results regarding the use of paper or computing devices included: patients’ 

bedsides; the medication room; in transit; and at workbays.  

Patients’ Bedsides 

Computer carts were observed to be the primary means by which nurses on medication 

administration rounds conducted tasks at patients’ bedsides (n=636; 83.6% of tasks 

observed at patients’ bedsides on Ward A and n=539; 93.7% on Ward B).  Computer 

carts were predominantly used to access electronic medication charts in order to prepare 

medications and to document the administration of medications.  They were also the 

only means by which nurses looked up medication information while at patients’ 

bedsides.  Paper-based medical records were used at patients’ bedsides (n=97; 12.7% of 

tasks observed at patients’ bedsides on Ward A and n=21; 3.7% on Ward B) when 

nurses needed to access paper-based medication charts in order to prepare medications 

and to document the administration of medications.  Paper-based medical records were 

also used for documenting vital sign observations.   

While at patients’ bedsides, nurses were also observed utilising temporary resources in 

the form of printed handover sheets and scrap pieces of paper (n=28; 3.8% of tasks 

observed at patients’ bedsides on Ward A and n=15; 2.6% on Ward B).  The handover 

sheet was primarily used to review a printed summary of patients’ information and to 

document notes (such as self-reminders).  Nurses were observed using the handover 

sheet, as well as scrap pieces of paper, to temporarily document vital sign observations; 

which they were noted to later transcribe into the paper-based medical record at the 
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workbay.  On two occasions a nurse on Ward A was observed using the back of her 

hand as a temporary resource to document vital sign observations while at a patient’s 

bedside. 

Medication Room 

Computer carts were observed to be the primary means by which nurses on medication 

administration rounds conducted tasks in the medication room (n=93; 43.3% of tasks 

observed in the medication room on Ward A and n=98; 63.6% on Ward B).  Despite the 

availability of a desktop computer in the medication room of each ward, nurses were 

regularly observed wheeling computer carts into the medication room and utilising them 

to access electronic medication charts in order to prepare medications.  The desktop 

computer in the medication room was also utilised to access electronic medication 

charts but with far less frequency (n=49; 22.8% of tasks observed in the medication 

room on Ward A and n=12; 7.8% on Ward B).   

Nurses were also observed looking up medication information whilst in the medication 

room and utilised either the desktop computer or computer carts to do so.  Several 

paper-based textbooks were located in the medication room on each ward, however, 

their use was not observed.  When asked about the use of paper-based textbooks, one 

nurse commented that they were rarely used.  She described an instance when she had 

been using a paper-based medical record while preparing medications in the medication 

room and realised that she required specific instructions on how to administer one of her 

patient’s medications.  A paper-based textbook had been close at hand so she utilised it 

to try to find the relevant information.  The nurse stated that she had been unable to 

locate the information she needed in the paper-based textbook and, instead, utilised the 

desktop computer in the medication room to successfully obtain the relevant 

information (Nurse 15).  
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Temporary resources were observed to be another means which nurses relied on while 

undertaking tasks in the medication room (n=49; 22.8% of tasks observed in the 

medication room on Ward A and n=15; 10.4% on Ward B).  On a number of occasions 

(n=65; 2.8% of all tasks observed during medication administration rounds) nurses were 

observed using a computer cart or paper-based medical record elsewhere on the ward to 

access information from medication charts, which they then either transcribed onto their 

printed handover sheet (n=11) or temporarily memorised11 the relevant details about the 

medications they needed to prepare (n=54).  Nurses were subsequently observed going 

to the medication room and utilising the information they had transcribed or memorised 

in order to obtain the necessary medication.  Upon obtaining the medication from the 

medication room, nurses that had temporarily memorised medication details were often 

observed returning to the location of the computer cart or paper-based medical record to 

re-check the medication details prior to administering the medication to the patient.  

On one occasion, a nurse was observed obtaining medication, from the medication 

room, based on information that she had temporarily memorised after having accessed 

the relevant information via the computer cart at a patient’s bedside.  Whilst in the 

middle of obtaining the medication (nicotine patches), the nurse stated that she had 

forgotten the strength of the medication that the patient required.  The nurse was asked 

why she did not utilise the desktop computer in the medication room to access the 

required information.  She explained that, as she was already logged on to the patient’s 

electronic medication chart on the computer cart that she had left at the patient’s 

bedside, she was unable to log on to check the chart from another computing device.  

The nurse stated that she should have brought the computer cart to the medication room 

but that she hadn’t done so as she felt it would be quicker not to (Nurse 18).  

                                                      
11  Nurses memorising information was only recorded when it was explicitly evident; for 

example, in situations where nurses were observed repeating aloud to themselves the information 

that they had obtained from the paper-based or electronic medication chart. 
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Other nurses were also queried regarding situations where they elected to memorise 

information in preference of taking a computer cart into the medication room.  Nurses 

explained that they consistently took the computer cart into the medication room when 

they were required to prepare several medications.  However, when they only needed to 

obtain one or two medications (particularly for medications such as paracetamol or 

vitamins) several nurses reported finding it quicker and easier to not take the computer 

cart into the medication room (Nurse 12, Nurse 20, and Nurse 21).  Some nurses stated that 

they didn’t like taking the computer cart into the medication room because they felt it 

caused too much congestion in the room (Nurse 5, Nurse 14, and Nurse 15).   

A similar practice was also noted with the use of paper-based medical records.  A nurse 

was observed accessing information from a paper-based medication chart at a workbay 

and temporarily memorising details regarding the medication that she needed to prepare 

in the medication room.  The nurse conveyed that she didn’t feel the need to take the 

paper-based medical record to the medication room as she had already obtained the 

necessary information and knew what medication her patient required (Nurse 6). 

In Transit 

In the course of undertaking medication administration rounds, nurses were noted to be 

quite mobile: moving from one patient bedside to the next as well as leaving the patient 

bedside to obtain items located throughout the ward (such as medications from the 

medication room or a blood glucose testing kit from the supplies room).  While in 

transit from one location to the next, nurses were occasionally observed utilising paper 

or computer carts to complete tasks (n=37; 2.8% of medication administration round 

tasks observed on Ward A and n=38; 3.8% on Ward B).  Computer carts were used in 

transit for a variety of tasks including: reviewing the patient record; documenting the 

administration of medications; and reviewing a summary of patients’ information.  
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Temporary resources, in one instance a printed handover sheet, were used to review a 

printed summary of patients’ information and, in another instance the back of the nurses 

hand, to document vital sign observations.  While computer carts and temporary 

resources were used for both accessing and documenting information, the paper-based 

medical record was observed solely being reviewed, with no documentation in transit.   

Workbays 

Nurses were infrequently observed undertaking tasks at the workbays during medication 

administration rounds (n=32; 2.5% of medication administration round tasks observed 

on Ward A and n=31; 3.1% on Ward B).  When nurses were observed at the workbays, 

they largely undertook tasks for which they used paper-based medical records; primarily 

for documenting observations and reviewing the patient record.  The use of desktop 

computers at the workbays was rarely observed (n=17; 0.7% of medication 

administration rounds tasks).  A nurse conveyed that it was difficult using desktop 

computers at the workbay for medication administration tasks, particularly for the 

transplant patients of Ward A.  The nurse explained that transplant patients required 

several medications and that the patients needed education about each of the 

medications as they were being administered.  The nurse stated that she therefore 

preferred to undertake the tasks of preparing medications and documenting the 

administration of medications on a computer cart at the patient bedside, as opposed to 

having to walk back and forth from the patient bedside to a desktop computer at a 

workbay (Nurse 9).  On two occasions nurses were also observed pulling a computer cart 

into a workbay and utilising the cart, in preference of the desktop computer, to review 

information in the electronic patient record.  

Table 4.6 provides an overview of the locations and the corresponding tasks for which 

computing devices, paper-based medical records, and temporary resources were used by 
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nurses during medication administration rounds.  The table demonstrates that, unlike 

desktop computers whose use was limited to specific locations, computer carts could be, 

and were, utilised across a range of locations throughout the ward.   

Table 4.6. Overview of Locations and the Corresponding Tasks for Which Paper or 

Computing Devices were Used by Nurses on Medication Administration Rounds 

 
Tasks  (n=2,321)   Location of Computing Device or Paper Use 
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Lookup Medication Info Cart 
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 Cart = Computer Cart;  Desktop = Desktop Computer;  Paper = Paper-Based Medical Record; 
 Temp = Temporary Resources;  Info = Information 
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4.16.4. Issues Affecting the Bedside Use of Computer Carts on Medication 

Administration Rounds 

The collected data sources were examined to determine issues affecting the use of 

computer carts at patients’ bedsides during medication administration rounds.  Three 

key issues were identified to impede the use of the computer carts at patients’ bedsides.  

These three issues included: a lack of space to accommodate the computer cart directly 

at the bedside; the patient being quarantined in an infection control room; and low 

battery requiring the computer cart to be plugged into a power outlet.   

Whilst undertaking medication administration rounds, nurses were generally observed 

positioning the computer cart beside the patient bedside so that they were in reach of the 

patient’s bedside drawers (where most medications corresponding to the patient’s needs 

were kept).  When lack of space directly beside the patient bedside was an issue 

(observed during 1.5% of tasks; n=35) nurses were often still able to find adequate space 

to use the computer cart within the patient room.  In instances where the patient was 

quarantined in an infection control room nurses used the computer cart in the corridor 

just outside the door to the infection control room (observed to be the case during the 

conduct of 3.7% of tasks observed on medication administration rounds; n=86).  On 

occasions when low battery was an issue (observed during 0.8% of tasks; n=19) nurses 

plugged the computer cart into an available power outlet either in the patient room or in 

the corridor.   

Issues impeding the use of computer carts at patients’ bedsides during medication 

administration rounds varied within the study wards.  While instances of using 

computer carts in the corridor due to infection control were similar across the two wards 

(4.3%; 95% CI 3.3–5.5 of observed tasks in Ward A and 2.9%; 95% CI 2.0–4.1 in Ward 

B), lack of space was observed almost exclusively, and battery issues exclusively, on 

Ward A.  In most instances, lack of space on Ward A was observed to be due to nurses 
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requiring the use of a vital signs monitor, which was on a mobile stand (similar to that 

depicted in Figure 4.6), at patients’ bedsides.   

 

 

Figure 4.6. Vital Signs Monitor on a Mobile Stand 

 

Another issue affecting the use of computer carts at patients’ bedsides was that of 

wireless signal dropout.  Signal dropout was not observed to impede the use of computer 

carts at the bedside; rather, it was observed to interrupt computer cart use.  In instances 

where wireless connectivity was lost, nurses were observed manoeuvring the computer 

cart near the bedside until the wireless signal was picked-up again.  If manoeuvring of 

the computer cart proved unsuccessful nurses were observed restarting the electronic 

medications management application and then resuming use of the computer cart at the 

patient bedside.      
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4.16.5. Use of Paper or Computing Devices During Interactions on 

Medication Administration Rounds 

Nurses were observed utilising paper or computing devices whilst interacting with 

another individual during the conduct of 12.2% (n=284) of tasks on medication 

administration rounds.  The vast majority of such interactions were with another nurse 

(n=258; 90.8% of observed interactions) while using the computer cart in the medication 

room or in the corridor.  The tasks that nurses were observed undertaking together on 

computer carts primarily included: documenting the administration of medications; 

accessing information for the preparation of medications; and documenting that the 

preparation and administration of medications had been witnessed.  

Nurses were also observed interacting with doctors (n=10), patients (n=9), pharmacists 

(n=6), and a physiotherapist (n=1).  Interactions with doctors or with pharmacists 

involved reviewing the paper-based patient record and most commonly occurred in the 

corridor.  Interactions with patients involved reviewing the patient record or reviewing 

test results and occurred at the patient bedside (n=7) or in the patient room (n=2).   

Instances where nurses utilised paper or a computing device with a patient were often 

prompted by a query from the patient.  When a patient’s query required reviewing of the 

paper-based patient record (n=3), the nurse and the patient looked at the information in 

the paper-based medical record together while the nurse explained the information.  In 

one instance, the patient enquired about his blood pressure.  The nurse was observed 

retrieving the paper-based medical record from the workbay and then returning to the 

patient bedside where the nurse opened the record to the relevant page and showed the 

patient his blood pressure monitoring chart and explained what the numbers indicated.    

When a patient’s query related to a test result (n=5), nurses were observed manoeuvring 

the computer cart close to the bedside so that the patient could see the computer screen 
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while the nurse explained the result.  Patients’ test result queries related to medical 

imaging or pathology results.  On one occasion, a patient that had enquired about her 

pathology results got out of bed and stood at the computer cart with the nurse.  The 

nurse was observed accessing the patient’s pathology results to show and explain to the 

patient her latest test results.   

The use of paper or computing devices during such interactions with patients was 

observed to be slightly more prevalent on Ward A than Ward B (0.6%; 95% CI 0.3–1.2 

and 0.1%; 95% CI 0.02–0.6 respectively).  This finding may be attributable to differences 

in the patient demographics of the two wards: with the cardiothoracic transplant 

patients of Ward A appearing to be more inquisitive about their treatment and progress 

than the geriatric patients of Ward B.    

4.17. Ward Rounds 

Across the two study wards, doctors were observed during 32 ward rounds over a period 

of 28 hours and 50 minutes, during which 1,444 tasks were recorded.  Of these 1,444 

tasks, 669 tasks were observed in Ward A and 775 tasks were observed in Ward B.  Data 

pertaining to doctors on ward rounds were analysed in order to determine: 

 the tasks conducted by doctors; 

 the means (i.e., paper or computing devices) by which doctors conducted tasks; 

 the locations where doctors used paper or computing devices while performing 

tasks; 

 the issues affecting bedside use of mobile computing devices; and 

 the use of paper or computing devices during the exchange of information and 

interactions on ward rounds.   
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4.17.1. Tasks Conducted by Doctors on Ward Rounds That Involved Paper 

or Computing Devices 

The collected data were assessed to identify the types of clinical tasks doctors conducted 

during ward rounds for which they required the use of paper or computing devices.  

Overall, across the study wards, doctors were most frequently observed reviewing the 

patient record (n=638; 44.2%) and reviewing test results (n=390; 27.0%).  While the 

types of tasks that doctors undertook on ward rounds were found to be largely consistent 

between the two study wards, there was some variation in the frequency with which a 

number of the tasks were performed (Table 4.7). 

Table 4.7. Type and Frequency of Tasks Conducted by Doctors on Ward Rounds in 

the Two Study Wards 

Tasks  Ward A  (n=669)  Ward B  (n=775) Total 

 n % (95% CI) n % (95% CI) n % 

 Review Patient’s Record 302 45.1 (41.4–48.9) 336 43.4 (40.0–46.9) 638 44.2 

 Review Test Results 177 26.5 (23.3–30.0) 213 27.5 (24.5–30.7) 390 27.0 

 Document Progress Notes 97 14.5 (12.0–17.4) 60 7.7 (6.1–9.8) 157 10.9 

 Review Summary Info 50 7.5 (5.7–9.7) 25 3.2 (2.2–4.7) 75 5.2 

 Order Medication 4 0.6 (0.2–1.5) 63 9.1 (6.4–10.3) 67 4.6 

 Document Other Note 22 3.3 (2.2–4.9) 40 5.2 (3.8–7.0) 62 4.3 

 Modify Medication 9 1.3 (0.7–2.5) 19 2.5 (1.6–3.8) 28 1.9 

 Order Test 4 0.6 (0.2–1.5) 11 1.4 (0.8–2.5) 15 1.0 

 Phone Contact Clinician 3 0.4 (0.2–1.3) 3 0.4 (0.0–0.6) 6 0.4 

 Document Observations 1 0.1 (0.0–0.8) 3 0.4 (0.0–0.6) 4 0.3 

 Lookup Disease Info - - - 1 0.1 (0.0–0.7) 1 0.1 

 Lookup Contact Details - - - 1 0.1 (0.0–0.7) 1 0.1 

         
CI = Confidence Interval; Info = Information 
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A task that was found to substantially vary between the two wards was the ordering of 

medications, with doctors on Ward B observed placing orders for medications during 

ward rounds more frequently than doctors on Ward A (9.1%; 95% CI 6.4–10.3 and 

0.6%; 95% CI 0.2–1.5 respectively).  Doctors on Ward B also documented modifications 

to medications and placed test orders slightly more often than doctors on Ward A.  

Doctors on Ward A were observed discussing medication orders, medication 

modifications, and test orders during the ward round, however, decisions resulting from 

these discussions were usually documented in the progress notes for post ward round 

follow-up by the junior doctors.  In line with this difference, doctors on Ward A were 

observed documenting in the progress notes with greater frequency than doctors on 

Ward B (14.5%; 95% CI 12.0–17.4 and 7.7%; 95% CI 6.1–9.8 respectively).   

When asked why orders or modifications weren’t entered during the ward round a 

doctor on Ward A explained that often, given the speed with which the ward rounds 

were conducted, there was insufficient time to enter orders electronically.  Therefore the 

required changes were documented on paper and then entered electronically after the 

ward round (Doctor 4).  Indeed, ward rounds on Ward A were observed to be shorter 

than ward rounds on Ward B.  On Ward A, the average duration of a ward round was 

46 minutes during which time a greater number of patients were usually reviewed than 

on Ward B, where the average duration of a ward round was 62 minutes. 

4.17.2. Means by Which Doctors Conducted Tasks on Ward Rounds 

The collected data were examined to determine the means by which doctors conducted 

tasks on ward rounds.  Doctors were observed to employ: mobile computing devices12 

                                                      
12  At the time of the study, computer carts were the only type of mobile device provided by the 

hospital, that were available on both wards, and that were accessible to all clinicians.  The tablet 

computers and smartphones were the doctors own mobile devices, and only one tablet computer 

(owned by a senior doctor) was noted to have access privileges to the hospital’s clinical 

information system; however, the access was read only. 
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(computer carts, tablet computers, or smartphones); fixed computing devices (desktop 

computers); paper-based medical records; and temporary resources (a printed patient 

summary worksheet, which one of the junior doctors would print and distribute to each 

clinician on the team prior to the commencement of a ward round).  As the tasks that 

doctors conducted during ward rounds were mainly computerised, doctors utilised 

computing devices to complete the majority of observed tasks (n=762; 52.7%).  Of the 

available computing devices, doctors across the two wards predominantly utilised 

computer carts (n=702; 48.6%); with desktop computers rarely used by doctors to 

perform tasks on ward rounds (n=3; 0.2%).     

Table 4.8 provides details of the type and frequency of means by which doctors 

performed tasks on the two study wards.  While the use of tablet computers13 and 

desktop computers was observed on Ward B, their use was not observed on Ward A 

during the study period. 

Table 4.8. Type and Frequency of Means by Which Doctors Performed Tasks on 

Ward Rounds in the Two Study Wards 

  Ward A  (n=669)  Ward B  (n=775) Total 

 n % (95% CI) n % (95% CI) n % 

Computer Cart 304 45.4 (41.7–49.2) 398 51.4 (47.8–54.9) 702 48.6 

Paper-Based Record 290 43.3 (39.6–47.1) 268 34.6 (31.3–38.0) 558 38.6 

Temporary Resource 72 10.8 (8.6–13.3) 52 6.7 (5.2–8.7) 124 8.6 

Tablet Computer - - - 51 6.6 (5.0–8.5) 51 3.5 

Smartphone 3 0.4 (0.2–1.3) 3 0.4 (0.1–1.1) 6 0.4 

Desktop Computer - - - 3 0.4 (0.1–1.1) 3 0.2 

         
CI = Confidence Interval 

  

                                                      
13  At least one doctor on Ward A was seen to have a tablet computer but she was not observed 

using it during the study.  
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The above table (Table 4.8) also illustrates that the use of paper-based medical records 

was more prevalent on Ward A than on Ward B (43.3%; 95% CI 39.6–47.1 and 34.6%; 

95% CI 31.3–38.0 respectively).  A reason for this may be differences in the way that the 

ward round teams were observed to allocate the use of paper and computing devices 

amongst the team.  In the team observed on Ward A, the senior doctor led the ward 

round and predominantly utilised the computer cart while the junior doctors used the 

paper-based medical records: one junior doctor used the observations record while the 

other junior doctor used the progress notes record.  In one of the teams observed on 

Ward B, the senior doctor leading the ward round predominantly used the observations 

record while one of the junior doctors used the computer cart and the other junior 

doctor used the progress notes record.  In the second team observed on Ward B, the 

senior doctor leading the ward round mainly used a tablet computer, one of the junior 

doctors used the computer cart, and the other junior doctor used both the observations 

record and the progress notes record. 

Table 4.9 examines the frequency of tasks performed by doctors on ward round teams 

when the doctor leading the ward round used the computer cart compared to those 

when the leading doctor did not use the computer cart.  Ward rounds where the doctor 

leading the team primarily utilised the computer cart were found to have less medication 

orders placed during the ward round, compared with those where a junior doctor 

mainly utilised the computer cart (8.9%; 95% CI 7.0–11.2 and 0.5%; 95% CI 0.2–1.4 

respectively).  Likewise, modifications to medications and ordering of tests occurred 

more often on ward rounds were a junior doctor utilised the computer cart, although 

these differences were only modest.  Conversely, the documentation of progress notes 

occurred more frequently on ward rounds when the leading doctor had primary use of 

the computer cart (14.3%; 95% CI 11.9–17.0 compared with 7.3%; 95% CI 5.6–9.5).  

This was noted to be a result of the junior doctors documenting details regarding the 
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necessary test orders, medication orders, or medication modifications that they needed 

to enter electronically after the ward round.    

Table 4.9. Frequency of Tasks Performed by Doctors When the Lead Doctor Used 

the Computer Cart and Didn’t Use the Computer Cart on Ward Rounds 

Tasks 

 Lead Doctor Used 

Computer Cart (n=735) 

 Lead Doctor Didn’t Use 

Computer Cart (n=709) 

 n % (95% CI) n % (95% CI) 

 Review Patient’s Record 323 43.9 (40.4–47.6) 315 44.4 (40.8–48.1) 

 Review Test Results 202 27.5 (24.4–30.8) 188 26.5 (23.4–29.9) 

 Document Progress Notes 105 14.3 (11.9–17.0) 52 7.3 (5.6–9.5) 

 Review Summary Information 52 7.1 (5.4–9.2) 23 3.2 (2.2–4.8) 

 Document Other Note 32 4.4 (3.1–6.1) 30 4.2 (2.9–6.0) 

 Modify Medication 8 1.1 (0.6–2.1) 20 2.8 (1.8–4.3) 

 Order Medication 4 0.5 (0.2–1.4) 63 8.9 (7.0–11.2) 

 Order Test 5 0.7 (0.3–1.6) 10 1.4 (0.8–2.6) 

 Phone Contact Clinician 4 0.5 (0.2–2.1) 2 0.3 (0.1–1.0) 

 Document Observations - - - 4 0.6 (0.2–1.4) 

 Lookup Disease Information - - - 1 0.1 (0.0–0.8) 

 Lookup Contact Details - - - 1 0.1 (0.0–0.8) 

       
CI = Confidence Interval 

 
 

Doctors who were asked about the use of computing devices on ward rounds indicated 

that they would like a greater number of devices (Doctor 2, Doctor 5, and Doctor 7).  One 

doctor conveyed that when ward rounds occurred at the same time as morning 

medication administration rounds it was sometimes a struggle to get a computer cart.  

That doctor further suggested that the additional devices should be mobile computing 

devices rather than desktop computers, as desktop computers obviously cannot be taken 
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around the ward during ward rounds (Doctor 7).  Another doctor stated that he found 

computer carts to be bulky and that their battery often ran out, and felt that they should 

be replaced by tablet computers (Doctor 3).  One doctor indicated that although he 

perceived the cart aspect of computer carts to be useful and necessary, he believed that 

the current laptop computers that were on the carts should be replaced by touch screen 

devices to make accessing information more simple (Doctor 2).  

One of the doctors that owned a tablet computer (which, in this case, did not have 

access to the hospital’s clinical information system) was observed utilising the device to 

document notes, such as self-reminders.  Other doctors that were observed documenting 

such notes largely did so using the printed patient summary worksheet.  When asked 

about her use of the tablet computer, the doctor explained that she preferred 

documenting notes electronically as she constantly misplaced the printed patient 

summary worksheets.  The doctor further conveyed that the tablet computer allowed her 

to maintain a continuity of documented notes about her patients or things that she 

needed to follow-up, which she could refer to at any time (Doctor 6).   

4.17.3. Locations Where Doctors Used Paper or Computing Devices 

While Performing Tasks on Ward Rounds 

Doctors were observed to conduct tasks, for which they utilised paper or computing 

devices, in a range of locations throughout the ward including: patients’ bedsides 

(n=833; 57.7%); the corridors of the ward (n=351; 24.3%); patients’ rooms (n=181; 

12.5%); in transit (n=65; 4.5%); and in the workbays (n=14; 1.0%).  The frequency with 

which doctors were observed in each of these locations was found to be similar across 

the two study wards, as illustrated in Table 4.10.  One significant difference was that 

doctors on Ward A were observed directly at the patients’ bedsides more often than 

doctors on Ward B.  However, when considered in conjunction with tasks conducted in 
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patients’ rooms, doctors within both wards were observed to undertake tasks in 

relatively close proximity to patients with the same frequency (72.3%; 95% CI 68.8–75.6 

in Ward A and 68.4%; 95% CI 65.0–71.6 on Ward B).    

Table 4.10. Frequency of Tasks Performed in Different Locations for Which Doctors 

on Ward Rounds Used Paper or Computing Devices in the Two Study Wards 

  Ward A  (n=669)  Ward B  (n=775) Total 

 n % (95% CI) n % (95% CI) n % 

Patients’ Bedsides 427 63.8 (60.1–67.4) 406 52.4 (48.9–55.9) 833 57.7 

Corridors 147 22.0 (19.0–25.3) 204 26.3 (22.3–29.5) 351 24.3 

Patients’ Rooms 57 8.5 (6.6–10.9) 124 26.3 (13.6–18.7) 181 12.5 

In Transit 34 5.1 (3.7–7.0) 31 4.0 (2.8–5.6) 65 4.5 

Workbays 4 0.6 (0.2–1.5) 10 1.3 (0.7–2.4) 14 1.0 

         
CI = Confidence Interval 

  

 
 

Doctors were observed to employ the use of mobile computing devices and paper-based 

medical records on at least one occasion in each of the identified locations.  While 

desktop computers were available at the workbays and the shared office area, their use 

during ward rounds was only observed at the workbays.  The locations found to reflect 

the most salient results regarding the use of paper or computing devices included: 

patients’ bedsides; the corridors of the ward; in transit; and at workbays. 

Patients’ Bedsides 

Mobile computing devices were the primary means by which doctors on ward rounds 

conducted tasks at patients’ bedsides (n=215; 50.4% of tasks observed at patients’ 

bedsides on Ward A and n=250; 61.2% on Ward B).  Computer carts were 

predominantly utilised to review the patient record, review test results, order 



 

176 
 

medications, modify medications, and order tests; while tablet computers were used to 

review the patient record and review test results.  Computer carts were also the only 

means by which doctors looked up disease/treatment information while at patients’ 

bedsides.  Doctors’ use of paper-based medical records at patients’ bedsides (n=183; 

42.9% of tasks observed at patients’ bedsides on Ward A and n=138; 34.0% on Ward B) 

was largely observed for the tasks of reviewing the patient record and documenting 

progress notes.  

On one occasion, the doctor being observed was noted to have tried to access a patient’s 

medication chart via the computer cart but found that an electronic medication chart 

was not available for that patient.  At the time, the ward round team were not in 

possession of the patient’s paper-based medical record, which contained the medication 

chart, so one of the junior doctors was sent in search of the record.  After returning with 

the paper-based medical record several minutes later, the junior doctor commented that 

he was eager for paper-based medical records to become completely electronic.  He 

indicated that paper-based medical records often get misplaced so clinicians have to run 

around the ward looking for them (Doctor 5).  Another junior doctor, likewise, expressed 

that she wished that more tasks were electronic so she could avoid having to walk 

around the ward searching for misplaced paper-based medical records (Doctor 1).     

Corridors 

Doctors were often observed gathering in the corridors, in between visiting patients, to 

either continue their discussions regarding the patient they had just visited or to discuss 

the next patient prior to visiting them.  A doctor explained that, at times this was 

because the ward round team needed to discuss things that they may not want to discuss 

in front of the patient, while at other times it was just a convenient location to briefly 

pause as the team moved from one patient room to the next (Doctor 7).   
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While in the corridors, doctors predominantly used mobile computing devices to 

conduct tasks (n=75; 51.0% of tasks observed in the corridors on Ward A and n=119; 

58.3% on Ward B), such as reviewing the patient record and reviewing test results.  

Doctors also occasionally utilised computer carts while in the corridor to place 

medication orders, modify medications, and order tests.  Paper-based medical records 

were utilised in the corridor to review patient records and to document progress notes.  

The documentation of progress notes was observed to occur in the corridor as the doctor 

did not always get to finish documenting everything at the patient bedside.   

In Transit 

In the course of undertaking ward rounds, doctors were occasionally observed 

performing tasks while in transit from one location to the next (n=34; 5.1% of ward 

round tasks observed on Ward A and n=31; 4.0% on Ward B) for which they primarily 

utilised mobile computing devices.  Computer carts were used in transit for a variety of 

tasks including: reviewing the patient record; reviewing test results; ordering 

medications; modifying medications; and reviewing a summary of patients’ 

information.  Tablet computers were used in transit to review the patient record and 

review test results; while smartphones were used to phone contact another clinician.   

Doctors also utilised paper in transit.  The printed patient summary worksheet was used 

to review a summary of patients’ information and to document notes, such as self-

reminders.  The paper-based medical record was commonly observed being used in 

transit to review information in the patient record, but was rarely observed being used 

for documentation (n=2; 3.1% of tasks observed in transit).   
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Workbays 

Doctors’ use of devices at the workbays was infrequently observed during ward rounds 

(n=4; 0.6% of ward round tasks observed on Ward A and n=10; 1.3% on Ward B).  

When doctors were observed at the workbays, they most frequently used the paper-

based medical record.  In one instance a doctor was observed pulling a computer cart 

into a workbay and utilising the cart, in preference of the desktop computer, to review 

information in the electronic patient record.   

The use of desktop computers on ward rounds was only observed on three occasions 

and only for the task of reviewing test results.  On one of the occasions that a doctor 

used a desktop computer at the workbay, the doctor had walked over to the workbay 

from the patient bedside in order to use a landline phone to contact another doctor 

regarding a second opinion.  Whilst on the phone, the observed doctor used the desktop 

computer to review a patient’s test results and then asked the doctor on the other end of 

the phone to log on to the system to look at the test results.  The observed doctor also 

had the patient’s paper-based medical record at the workbay and was relaying 

information from the progress notes of the paper-based medical record to the doctor on 

the other end of the phone.   

Table 4.11 provides an overview of the locations and the corresponding tasks for which 

computing devices, paper-based medical records, and temporary resources were used by 

doctors during ward rounds.  The table demonstrates that, unlike desktop computers 

whose use was limited to one location, mobile computing devices could be, and were, 

utilised across a range of locations throughout the ward. 
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Table 4.11. Overview of Locations and the Corresponding Tasks for Which Paper or 

Computing Devices were Used by Doctors on Ward Rounds 

 
Task  (n=1,444)  Location of Computing Device or Paper Use 
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Review Summary Info Temp 
Cart 

Temp 
Temp 

Cart 
Tablet 
Temp 

Temp 

 

 

Review Test Results 
Cart 

Tablet 
Paper 

Cart 

Tablet 
Paper 

Cart 

Paper 

Cart 

Tablet 
Desktop 

 

 

Document Progress Notes Paper Paper Paper Paper Paper 

 

 

Review Patient’s Record 
Cart 

Tablet 
Paper 

Cart 
Tablet 
Paper 

Cart 
Paper 

Cart 
Tablet 
Paper 

Paper 

 

 

Document Other Note Temp 
Tablet 
Temp 

Tablet 
Temp 

Temp Temp 

 

 

Modify Medication Cart Cart - Cart - 

 

 

Order Medication Cart Cart Cart Cart - 

 

 

Order Test Cart Cart - - - 

 

 

Phone Contact Clinician Smartphone Smartphone Smartphone Smartphone - 

 

 

Document Observations Paper Paper Paper - - 

 

 

Lookup Disease Info Cart - - - - 

 

 

Lookup Contact Details Cart - - - - 

 

        

 
Cart = Computer Cart;   Tablet = Tablet Computer;  Desktop = Desktop Computer;  
Paper = Paper-Based Medical Record;  Temp = Temporary Resource;  Info = Information  
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4.17.4. Issues Affecting the Bedside Use of Computer Carts on Ward 

Rounds 

As was the case with nurses, when doctors were observed using computer carts during 

ward rounds three key issues were identified to impede the use of the computer carts at 

patients’ bedsides: the patient being quarantined in an infection control room; low 

battery requiring the computer cart to be plugged into a power outlet; and a lack of 

space to accommodate the computer cart directly at the bedside.   

Instances where a patient was quarantined in an infection control room were observed 

to be the most frequent issue impeding doctors’ use of computer carts at patients’ 

bedsides (observed to be the case during the conduct of 3.3% of tasks observed on ward 

rounds; n=47).  In such instances, doctors used the computer cart in the corridor just 

outside the door to the infection control room.  When low battery was an issue 

(observed during 0.5% of tasks; n=7), doctors were observed plugging the computer cart 

into a power outlet in the corridor while they engaged in discussions in between visiting 

patients.  When moving on from the corridor to visit their next patient, doctors were 

observed unplugging the computer cart from the power outlet in order to take the device 

with them despite the low battery.  While at patients’ bedsides, doctors would usually 

use the computer cart directly at the foot of the patients’ bed.  A lack of space directly at 

the bedside was observed to be an issue in a small number of instances (observed during 

0.4% of tasks; n=6) but doctors were still able to find adequate space to use the 

computer cart within the patient room.   

Issues impeding computer cart use at patients’ bedsides during ward rounds were 

observed to be more common on Ward A (7.6%; 95% CI 5.8–9.9 of tasks observed in 

Ward A and 1.2%; 95% CI 0.6–2.2 in Ward B), particularly in relation to a lack of space 

and infection control.  The use of computer carts with low battery issues, however, was 

only observed on Ward B.  On one occasion, doctors on Ward A were about to 
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commence a ward round when they noticed that the computer cart had a low battery 

status.  Instead of continuing to use that computer cart, the senior doctor instructed a 

junior doctor to find another computer cart that had a charged battery; which was then 

used on the ward round in place of the computer cart with the low battery.  

4.17.5. Use of Paper or Computing Devices During the Exchange of 

Information and Interactions on Ward Rounds 

The collected data were analysed to examine instances of information exchange (i.e., 

where an individual asked a question for which the doctor being observed had to access 

information via paper or a computing device in order to provide a response).  During the 

course of ward rounds, the teams were observed to constantly engage in discussions 

regarding patients, as well as engaging with the patient that they were reviewing; though 

much of this interaction did not fall into the scope of the preceding definition.   

Nonetheless, several instances of information exchange were observed (n=53; 7.9% of 

tasks observed in Ward A and n=42; 5.4% in Ward B) with questions posed by another 

doctor (n=88), patient (n=3), patient’s relatives (n=3), and a nurse (n=1).  The questions 

most frequently related to information about the patient’s general health (such as their 

vital sign observations) (n=51), test results (n=21), medications (n=17), and other 

patient related information (such as the admission history) (n=6).  The questions asked 

by patients related to test results and medications.  For questions regarding the patient’s 

general health, the observed doctor primarily utilised the paper-based medical record to 

access information in order to provide a response to the question.  For questions 

regarding test results and medications, the observed doctor primarily used the computer 

cart to access information in order to provide a response to the question.   

The vast majority of questions, and the subsequent responses, related to information 

from a patient’s present hospital admission.  On one occasion, however, a doctor 
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requested information regarding a patient’s admission history.  In order to provide a 

response to the requested information, the observed doctor utilised the computer cart to 

access the necessary information.  In another instance, a patient’s test result query was 

in regard to her most recent chest x-ray.  The doctor was observed accessing the relevant 

medical image via a computer cart and, while answering the patient, was observed 

manoeuvring the computer cart so that the patient could also view the screen.  The 

doctor then showed the patient the image of her chest x-ray prior to her transplant and 

flicked between the old x-ray image and the most recent x-ray image while explaining 

the differences in the images to the patient. 

Such exchanges of information were largely observed at patients’ bedsides, both when 

the paper-based medical record and computer cart were used to access information, but 

also occurred in the corridor and in the patient room.  Table 4.12 shows the locations in 

which paper or computing devices were used to access information. 

Table 4.12. Locations in Which Paper or Computing Devices Were Used During 

Exchanges of Information on Ward Rounds  

 Information Exchange (n=95)  Location of Computing Device or Paper Use  

  

Patients’ 

Bedsides Corridors 

Patients’ 

Rooms  
  

   

 

      

 

General Health Information 
Cart 

Paper 
Paper Paper 

 

 

Test Result Information Cart 
Cart 

Paper 
Cart 

 

 

Medication Information 
Cart 

Tablet 
- Cart 

 

 

Other Information Paper Paper 
Cart 

Paper 

 

      

 
Cart = Computer Cart;   Tablet = Tablet Computer;  Paper = Paper-Based Medical Record 
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The collected data were also assessed to determine how often doctors utilised paper or 

computing devices with another individual.  Interactions were observed to occur during 

the conduct of 27.4% (n=396) of ward round tasks.  The overwhelming majority of such 

interactions were with other doctors (n=384; 97.0% of observed interactions) and while 

using computing devices (n=227).   

Computer carts were the most frequently used computing device (n=221), with 

interactions predominantly occurring between the observed doctor and one other doctor 

at the patient bedside.  Several interactions (n=53; 24.0% of interactions on computer 

carts) also occurred between the observed doctor and two to four other doctors.  

Interactions between groups of doctors took place in the corridor, patient bedside, or 

patient room for the tasks of reviewing test results and reviewing the patient’s record.  

Instances of doctors utilising paper-based medical records whilst interacting (n=169) 

was also observed to occur at the patient bedside, patient room, and in the corridor for 

the task of reviewing the patient’s record.  Most paper-based medical record interactions 

occurred between the observed doctor and one other doctor (n=144), with a small 

number of interactions occurring between a group of doctors (n=18).   

Doctors were infrequently observed interacting with nurses (n=10) or other health care 

providers (e.g. physiotherapists) (n=2) whilst using paper or computing devices.  

Interactions with nurses all involved reviewing the paper-based patient record and most 

commonly occurred in the corridor.   

4.18. Outside of Rounds 

Across the two study wards, doctors and nurses were observed in the course of 28 

outside of rounds activity sessions over a period of 16 hours and 45 minutes, during 

which 658 tasks were recorded.  Of these 658 tasks, 432 tasks were conducted by nurses 
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and 226 tasks were conducted by doctors.  Data pertaining to nurses performing outside 

of rounds activities were analysed in order to determine: 

 the tasks conducted by nurses; 

 the means (i.e., paper or computing devices) by which nurses conducted tasks;  

 the locations where nurses used paper or computing devices while performing tasks; 

and 

 nurses use of paper or computing devices during interactions. 

Data pertaining to doctors performing outside of rounds activities were analysed in 

order to determine: 

 the tasks conducted by doctors; 

 the means by which doctors conducted tasks; and 

 the locations where doctors used paper or computing devices while performing 

tasks; and 

 doctors use of paper or computing devices during interactions. 

4.18.1. Tasks Conducted by Nurses Outside of Rounds That Involved 

Paper or Computing Devices 

The collected data were assessed to identify the types of clinical tasks that nurses 

conducted outside of rounds for which they required the use of paper or computing 

devices.  Overall, across the two study wards, nurses were most frequently observed: 

reviewing a patient’s record (n=180; 41.7%); documenting notes (n=65; 15.0%); and 

documenting observations (n=61; 14.1%).  Nurses also commonly documented progress 

notes (n=41; 9.5%), reviewed a summary of patients’ information (n=32; 7.4%), and 
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reviewed test results (n=30; 6.9%).  The types of tasks nurses undertook outside of 

rounds, and the frequency with which each of these tasks was performed, was found to 

be similar within each of the two study wards (Table 4.13). 

Table 4.13. Type and Frequency of Tasks Conducted by Nurses Outside of Rounds in 

the Two Study Wards 

 Tasks  Ward A  (n=192)  Ward B  (n=240) Total 

 n % (95% CI) n % (95% CI) n % 

Review Patient’s Record 71 37.0 (30.5–44.0) 109 45.4 (39.2–51.7) 180 41.7 

Document Other Note 24 12.5 (8.5–17.9) 41 17.1 (12.8–22.4) 65 15.1 

Document Observations 34 17.7 (13.0–23.7) 27 11.3 (7.8–15.9) 61 14.1 

Document Progress Notes 20 10.4 (6.8–15.5) 21 8.8 (5.8–13.0) 41 9.5 

Review Summary Info 11 5.7 (3.2–10.0) 21 8.8 (5.8–13.0) 32 7.4 

Review Test Results 20 10.4 (6.8–15.5) 10 4.2 (2.3–7.5) 30 6.9 

Send Page 2 1.0 (0.3–3.7) 5 2.1 (0.9–4.8) 7 1.6 

Witness Medication 3 1.6 (0.5–4.5) 1 0.4 (0.1–2.3) 4 0.9 

Complete Form - - - 4 1.7 (0.7–4.2) 4 0.9 

Modify Medication 2 1.0 (0.3–3.7) 1 0.4 (0.1–2.3) 3 0.7 

Order Test  3 1.6 (0.5–4.5) - - - 3 0.7 

Lookup Medication Info 2 1.0 (0.3–3.7) - - - 2 0.5 

         
CI = Confidence Interval; Info = Information 

  

 
 

4.18.2. Means by Which Nurses Conducted Tasks Outside of Rounds 

The collected data were examined to determine the means by which nurses conducted 

tasks outside of rounds.  Nurses were observed to employ: paper-based medical records; 

temporary resources (a printed handover sheet or scrap piece of paper); mobile 

computing devices (computer carts); and fixed computing devices (desktop computers).  



 

186 
 

Although nurses were observed to conduct a broad range of tasks outside of rounds, the 

tasks were predominantly paper-based (e.g., documenting observations and 

documenting progress or other notes).  Correspondingly, nurses utilised paper-based 

medical records to complete the majority of observed tasks (n=248; 57.4%).   

When undertaking computerised tasks, overall nurses utilised computer carts more 

frequently than desktop computers (n=58; 13.4% and n=34; 7.9% respectively).  

Computer cart use was greater than desktop use on Ward A (20.3%; 95% CI 15.2–26.6 

and 4.2%; 95% CI 2.1–8.0 respectively), but not on Ward B (Table 4.14).  When asked 

about the use of computing devices outside of rounds, a nurse on Ward B stated that she 

preferred the desktop computer for accessing and documenting information, when she 

wasn’t undertaking a medication administration round, as she could sit at a desk while 

using the device (Nurse 12). 

Table 4.14. Type and Frequency of Means by Which Nurses Performed Tasks 

Outside of Rounds in the Two Study Wards 

  Ward A  (n=192)  Ward B  (n=240) Total 

 n % (95% CI) n % (95% CI) n % 

Paper-Based Record 112 58.3 (51.3–65.1) 136 56.7 (50.3–62.8) 248 57.4 

Temporary Resource 33 17.1 (12.5–23.2) 59 24.6 (19.6–30.4) 92 21.3 

Computer Cart 39 20.3 (15.2–26.6) 19 7.9 (5.1–12.0) 58 13.4 

Desktop Computer 8 4.2 (2.1–8.0) 26 10.8 (7.5–15.4) 34 7.9 

         
CI = Confidence Interval 
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4.18.3. Locations Where Nurses Used Paper or Computing Devices While 

Performing Tasks Outside of Rounds 

Nurses were found to conduct tasks, for which they utilised paper or computing devices, 

in a range of locations throughout the ward including: the workbays (n=207; 47.9%); the 

corridors of the ward (n=175; 40.5%); patients’ bedsides (n=34; 7.9%); in transit (n=10; 

7.0%); patients’ rooms (n=3; 0.7%); the medication room (n=2; 0.5%); and the shared 

office area (n=1; 0.2%).   

The locations where tasks were performed varied slightly within the two study wards as 

illustrated in Table 4.15.  Nurses on Ward A were largely observed in the corridors, 

while nurses on Ward B were predominantly observed in the workbays.  This 

corresponded with the means by which nurses completed tasks: with nurses on Ward A 

frequently using computer carts and nurses on Ward B using desktop computers.   

Table 4.15. Frequency of Tasks Performed in Different Locations Outside of Rounds 

for Which Nurses Used Paper or Computing Devices in the Two Study Wards  

  Ward A  (n=192)  Ward B  (n=240) Total 

 n % (95% CI) n % (95% CI) n % 

Workbays 61 31.8 (25.6–38.7) 146 60.8 (54.5–66.8) 207 47.9 

Corridors 105 54.7 (47.6–61.6) 70 29.2 (23.8–35.2) 175 40.5 

Patients’ Bedsides 19 9.9 (6.4–14.9) 15 6.3 (3.8–10.1) 34 7.9 

In Transit 4 2.1 (0.8–5.2) 6 2.5 (1.2–5.3) 10 2.3 

Patients’ Rooms 1 0.5 (0.1–2.9) 2 0.8 (0.2–3.0) 3 0.7 

Medication Room  2 1.0 (0.3–3.7) - - - 2 0.5 

Shared Office Area - - - 1 0.4 (0.1–2.3) 1 0.2 

         
CI = Confidence Interval 
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Paper-based medical records were used both in the corridors (22.9%; 95% CI 17.5–29.4 

on Ward A and 15.4%; 95% CI 11.4–20.5 on Ward B) and the workbays (23.4%; 95% 

CI 18.0–29.9 on Ward A and 32.9%; 95% CI 27.0–39.1 on Ward B) with similar 

frequency in both study wards.  When paper-based medical records were used in the 

corridors, for tasks such as documenting vital sign observations or progress notes, nurses 

were often observed using the computer carts as makeshift benches on which to place 

the paper-based medical record to facilitate ease of documenting.  On several occasions 

it was noted that nurses would take the paper-based medical record to a patient’s 

bedside, where they would review the patient, and then return to a workbay to 

document their observations in the paper-based medical record. 

Table 4.16 provides an overview of the locations and the corresponding tasks for which 

computing devices, paper-based medical records, and temporary resources were used by 

nurses outside of rounds.  

4.18.4. Nurses Use of Paper or Computing Devices During Interactions 

Outside of Rounds  

Nurses were observed utilising paper or computing devices whilst interacting with 

another individual during the conduct of 10.4% (n=45) of tasks conducted outside of 

rounds.  Most interactions were with another nurse (n=29; 64.4% of observed 

interactions) while using the paper-based medical record and predominantly occurred at 

the workbay or in the corridor.  Nurses were also observed interacting with doctors 

(n=13), a pharmacist (n=1), and a physiotherapist (n=1).  Interactions largely involved 

the task of reviewing the patient’s record.  

 

 



 

189 
 

Table 4.16.  Overview of Locations and the Corresponding Tasks for Which Paper or 

Computing Devices were Used by Nurses Outside of Rounds  

 
Tasks  (n=432)   Location of Computing Device or Paper Use 
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Review Patient’s Record Cart 
Paper 

- 
Cart 

Paper 
Cart Paper 

Desktop 
Paper 

Paper 

 

 

Document Other Note - - Temp - - Temp - 

 

 

Document Observations Paper - Paper - Paper Paper - 

 

 

Document Progress Notes  Paper - Paper - - Paper - 

 

 

Review Summary Info Cart - 
Cart 

Temp 
Cart Temp 

Desktop 
Temp 

- 

 

 

Review Test Results Cart - Cart - - Desktop - 

 

 

Send Page - - Cart - - Desktop - 

 

 

Witness Medication - Paper 
Cart 

Paper 
- - - - 

 

 

Complete Form - - - - - Desktop - 

 

 

Modify Medication - - 
Cart 

Paper 
- - Desktop - 

 

 

Order Test  - - Cart - - - - 

 

 

Lookup Medication Info - - Cart - - - - 

 

           

 Cart = Computer Cart;  Desktop = Desktop Computer;  Paper = Paper-Based Medical Record; 
 Temp = Temporary Resources;  Info = Information 
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4.18.5. Tasks Conducted by Doctors Outside of Rounds That Involved 

Paper or Computing Devices 

The collected data were assessed to identify the types of clinical tasks that doctors 

conducted outside of rounds.  Overall, across the two study wards, doctors were most 

frequently observed: reviewing a patient’s record (n=82; 36.3%) and documenting 

discharge summaries (n=45; 19.9%).  Doctors were also observed ordering medications 

(n=22; 9.7%), ordering tests (n=16; 7.1%), and reviewing test results (n=15; 6.6%). The 

types of tasks doctors undertook outside of rounds, and the frequency with which each 

tasks was performed, was relatively similar within each of the two study wards (Table 

4.17). 

Table 4.17. Type and Frequency of Tasks Conducted by Doctors Outside of Rounds 

in the Two Study Wards 

Tasks  Ward A  (n=120)  Ward B  (n=106) Total 

 n % (95% CI) n % (95% CI) n % 

 Review Patient’s Record 36 30.0 (22.5–38.7) 46 43.4 (34.4–52.9) 82 36.3 

 Discharge Summary 21 17.5 (11.7–25.3) 24 22.6 (15.7–31.5) 45 19.9 

 Review Summary Info 29 24.2 (17.4–32.6) 3 2.8 (1.0–8.0) 32 14.2 

 Order Medication 12 10.0 (5.8–16.7) 10 9.4 (5.2–16.5) 22 9.7 

 Order Test 7 5.8 (2.9–11.6) 9 8.5 (4.5–15.4) 16 7.1 

 Review Test Results 7 5.8 (2.9–11.6) 8 7.5 (3.9–14.2) 15 6.6 

 Document Progress Notes 5 4.2 (1.8–9.4) 1 0.9 (0.2–5.2) 6 2.7 

 Complete Form - - - 3 2.8 (1.0–8.0) 3 1.3 

 Send Page 1 0.8 (0.1–4.6) 1 0.9 (0.2–5.2) 2 0.9 

 Modify Medication 1 0.8 (0.1–4.6) - - - 1 0.4 

 Lookup Contact Details 1 0.8 (0.1–4.6) - - - 1 0.4 

 Document Other Note - - - 1 0.9 (0.2–5.2) 1 0.4 

         
CI = Confidence Interval; Info = Information 
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4.18.6. Means by Which Doctors Conducted Tasks Outside of Rounds 

The collected data were examined to determine the means by which doctors conducted 

tasks outside of rounds.  Doctors were observed to employ: fixed computing devices 

(desktop computers); paper-based medical records; temporary resources (a printed 

patient summary worksheet); and mobile computing devices (computer carts and 

smartphones).  The tasks that doctors conducted outside of rounds were predominantly 

computerised.  Of the available fixed and mobile computing devices doctors across the 

two wards by and large utilised desktop computers (n=116; 51.3%); with computer carts 

found to be one of the least prevalent means by which doctors performed tasks outside 

of rounds (n=2; 0.9%).  Table 4.18 details the type and frequency of means by which 

doctors performed tasks on the two study wards.   

Table 4.18. Type and Frequency of Means by Which Doctors Performed Tasks 

Outside of Rounds in the Two Study Wards 

  Ward A  (n=120)  Ward B  (n=106) Total 

 n % (95% CI) n % (95% CI) n % 

Desktop Computer 59 49.2 (40.4–58.0) 57 53.8 (44.3–63.0) 116 51.3 

Paper-Based Record 29 24.2 (17.4–32.6) 45 42.5 (33.5–52.0) 74 32.7 

Temporary Resource 19 15.8 (10.4–23.4) 3 2.8 (1.0–8.0) 22 9.7 

Computer Cart 2 1.7 (0.5–5.8) - - - 2 0.9 

Smartphone 1 0.8 (0.1–4.6) 1 0.9 (0.2–5.2) 2 0.9 

         
CI = Confidence Interval 

  

 
 

Although most tasks were computerised, doctors were often also observed to require 

information from paper-based medical records in order to complete tasks (n=74; 32.7%).  

Documenting discharge summaries, for example, was performed electronically but also 

required doctors to review the paper-based medical record in order to obtain relevant 
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information necessary for inclusion in the discharge summary.  On one occasion a 

doctor was observed documenting a discharge summary on a desktop computer when 

he realised that he did not have the patient’s paper-based medical record.  The doctor 

was seen searching the ward for the paper-based medical record but was unable to locate 

it.  He commented that the information he required was not available electronically and 

that he would have to search for the paper-based medical record again later in order to 

complete the discharge summary (Doctor 4).  

4.18.7. Locations Where Doctors Used Paper or Computing Devices 

While Performing Tasks Outside of Rounds 

Doctors were observed to conduct the majority of tasks, for which they utilised paper or 

computing devices, in two key locations: in the workbays (n=113; 50.0%) and in the 

shared office area (n=99; 43.8%).  Doctors on Ward A were also occasionally observed 

in the corridors of the ward (n=11; 4.9%), in transit (n=2; 0.9%), and at patients’ 

bedsides (n=1; 0.4%).  The frequency with which doctors in the two study wards were 

observed in each of these locations is outlined in Table 4.19.   

Table 4.19. Frequency of Tasks Performed in Different Locations Outside of Rounds 

for Which Doctors Used Paper or Computing Devices in the Two Study Wards 

  Ward A  (n=120)  Ward B  (n=106) Total 

 n % (95% CI) n % (95% CI) n % 

Workbays 28 23.3 (16.7–31.7) 85 80.2 (71.6–86.7) 113 50.0 

Shared Office Area 78 65.0 (56.1–72.9) 21 19.8 (13.3–28.4) 99 43.8 

Corridors 11 9.2 (5.2–15.7) - - - 11 4.9 

In Transit 2 1.7 (0.5–5.9) - - - 2 0.9 

Patients’ Bedsides 1 0.8 (0.1–4.6) - - - 1 0.4 

         
CI = Confidence Interval 
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While at the workbays (n=28; 23.3% in Ward A and n=85; 80.2% in Ward B), doctors 

were most frequently observed utilising desktop computers, primarily for the tasks of 

documenting discharge summaries, ordering tests, and ordering medications.  On one 

occasion a doctor, that had been using a computer cart in the corridor, was observed 

pulling the computer cart into the workbay so that she could sit down on a chair while 

she used the computer cart to review test results.   

Table 4.20 provides an overview of the locations and the corresponding tasks for which 

computing devices, paper-based medical records, and temporary resources were used by 

doctors outside of rounds.  

4.18.8. Doctors Use of Paper or Computing Devices During Interactions 

Outside of Rounds  

Doctors were infrequently observed utilising paper or computing devices whilst 

interacting with another individual during tasks outside of rounds (n=12; 5.3%).  Of the 

observed interactions, 58.3% (n=7 observed interactions) were with a nurse and 41.7% 

(n=5 observed interactions) were with another doctors.  Interactions predominantly 

occurred in the shared office area while using fixed computing devices to review a 

patient’s record.  
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Table 4.20. Overview of Locations and the Corresponding Tasks for Which Paper or 

Computing Devices were Used by Doctors Outside of Rounds 

 
Task  (n=226)  Location of Computing Device or Paper Use 
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 Review Patient’s Record - Paper Paper 
Desktop 

Paper 
Desktop 

Paper 

 

 

 Discharge Summary - - - Desktop Desktop 

 

 

 Review Summary Info Temp Temp Temp Temp Temp 

 

 

 Order Medication - - - Desktop Desktop 

 

 

 Order Test - - - Desktop Desktop 

 

 

 Review Test Results - Cart - 
Cart 

Desktop 
Desktop 

 

 

 Document Progress Notes - Paper - - Paper 

 

 

 Complete Form - - - - Paper 

 

 

 Send Page - - - - Desktop 

 

 

 Modify Medication - - - Desktop - 

 

 

 Lookup Contact Details - - - - Smartphone 

 

 

 Document Other Note - - - Smartphone - 

 

        

 
Cart = Computer Cart;   Tablet = Tablet Computer;  Desktop = Desktop Computer;                       
Paper = Paper-Based Medical Record;  Temp = Temporary Resource;  Info = Information  
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4.19. Assessment of FITT Between Clinicians, Tasks, and Technology 

The collected data sources were further assessed using the structure of Ammenwerth et 

al.’s (2006) fit between individuals, tasks, and technology (FITT) framework.  FITT was 

examined for each of the observed groups of individuals: doctors and nurses. 

4.19.1. FITT: Doctors, Tasks, and Technology 

Doctors and Tasks 

The work practices of doctors differed on ward rounds and outside of rounds.  Ward 

rounds were conducted in teams, with doctors moving from one patient’s bedside to the 

next in order to review each patient.  Ward round tasks were subsequently observed to 

occur across several ward locations, including the patient bedside, in the corridors, and 

while doctors were in transit between locations.  Outside of rounds tasks were usually 

conducted independently and doctors were observed to predominantly be located in a 

single location, conducting 93.8% (n=212) of tasks in either a workbay or the shared 

office area.     

Tasks and Technology 

The hospital’s hybrid information system meant that some information was maintained 

electronically (such as test results), while other information was paper-based (such as 

vital sign observations and progress notes).  Doctors therefore needed access to both 

computing devices and paper-based medical records when undertaking tasks.  For ward 

rounds, mobile computing devices fit the mobile manner in which tasks were conducted.  

Of the computerised tasks on ward rounds (n=762), almost all were completed with the 

use of mobile computing devices (n=759; 99.6%).  The computer cart design of the 
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mobile device also provided a convenient means to store items, allowing doctors to 

transport several paper-based medical records at a time.   

Outside of rounds fixed computing devices appeared to provide a better fit.  Of the 

computerised tasks conducted outside of rounds (n=120), the substantial majority were 

completed on desktop computers (n=116; 96.7%).  The desks on which the computers 

were stationed provided doctors with space on which to place paper-based medical 

records so that they could view paper-based and electronic information at the same 

time.  

Doctors and Technology 

Several doctors expressed a preference for electronically available information (Doctor 1, 

Doctor 4, Doctor 5, and Doctor 7).  The doctors indicated that paper-based medical records 

were often misplaced and time had to be spent searching for them.  One doctor, while 

searching for a printed pathology form that he ultimately failed to locate, stated that a 

benefit of information being computerised was that he could just reprint the pathology 

form (Doctor 4).  Doctors also reported a preference for accessing electronic information 

via mobile computing devices, with two doctors explaining that they need mobile 

devices for ward rounds as their work practices are mobile (Doctor 1 and Doctor 7).  While 

doctors liked the computer carts, many conveyed a want for tablet computers (Doctor 1, 

Doctor 2, Doctor 3, Doctor 5, and Doctor 6).  One doctor stated that he believed it would be 

easier to conduct his work with a tablet computer than with the computer carts, which 

he felt were bulky and had battery issues (Doctor 3).     
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4.19.2. FITT: Nurses, Tasks, and Technology 

Nurses and Tasks 

Nurses were observed to largely undertake their work independently during both 

medication administration rounds and outside of rounds.  Nurses undertaking 

medication administration rounds were constantly on-the-move throughout the ward: 

often going from a patient’s bedside, to the medication room to obtain medications, and 

back to the bedside.  When undertaking tasks outside of rounds nurses tended to have a 

base location (in a workbay or at a parked computer cart in the corridor) where they 

completed most tasks (n=382; 88.4%).   

Tasks and Technology 

As with doctors, the hybrid information system meant that nurses required the use of 

both computing devices (to access the electronic medications management system) and 

paper-based medical records (to access or document observations and progress notes).  

For medication administration rounds, mobile computing devices fit the mobile manner 

in which tasks were conducted.  Of the computerised tasks on medication 

administration rounds (n=1,966), the substantial majority were completed using mobile 

computing devices (n=1,885; 95.9%).  Fixed computing devices were not considered to 

be conducive to medication administration round tasks (Nurse 2 and Nurse 9) and were 

rarely used. 

Outside of rounds both mobile and fixed computing devices appeared suited to 

undertaking tasks.  Of the computerised tasks conducted outside of rounds (n=92), most 

were completed using mobile computing devices (n=58; 63%), despite the availability of 

a number of fixed computing devices in workbays throughout the ward.  As tasks 

conducted outside of rounds were predominantly non-mobile, the mobile computing 



 

198 
 

devices were largely observed being used in a stationary manner in the corridor.  Nurses 

also often used the computer cart as a bench on which to place the paper-based medical 

record while documenting information in the corridor. 

Nurses and Technology 

A number of nurses perceived that it was quicker and easier to complete tasks using 

paper-based medical records (Nurse 4, Nurse 5, Nurse 8, and Nurse 11), but the general 

consensus was that the computer-based system, particularly mobile computing devices, 

provided several benefits over paper-based medical records.  A key benefit identified by 

the nurses was the ease of access to patient information and clinical information when 

the need for it arose (Nurse 12, Nurse 13, Nurse 15, Nurse 16, and Nurse 19).  Not having to 

carry around several paper-based records at a time, being able to stow other necessary 

items in the basket of the computer cart, and not needing to search for paper-based 

textbooks were also seen to be benefits of having mobile computing devices (Nurse 2, 

Nurse 12, Nurse 13, and Nurse 15).  One nurse explained that if there are special 

instructions on how to administer a medication then that information appears on the 

system next to the medication order so it saves her from having to go looking for it in a 

textbook (Nurse 2).  The nurse further conveyed that while she liked having a mobile 

device to conduct medication administration round tasks, she preferred to sit down and 

use the desktop computer for tasks outside of rounds.   

4.20. Conclusion 

The above section described findings regarding clinicians’ use of paper, fixed computing 

devices, and mobile computing devices when undertaking: medication administration 

round tasks; ward round tasks; and tasks outside of rounds.  The findings identified the 

locations where clinicians undertook tasks, while using paper or computing devices, in 
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order to distinguish the specific manner in which mobile computing devices were used 

to support clinical work practices.  Implications arising from these findings are discussed 

in the next section (Chapter 4. Part C: Discussion). 
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Chapter 4. Part C: Discussion  

4.21. Introduction 

The preceding sections of this chapter presented: a summary of the key background 

literature underpinning this stage of the research; a comprehensive account of the 

methods employed in undertaking the research; and results regarding clinicians’ use of 

computing devices on hospital wards.  The following section discusses the results in 

relation to the study’s central research questions, namely: how do mobile computing 

devices support clinical work practices on hospital wards and what factors affect their 

use? 

4.22. Mobile Devices Supporting Work at Patients’ Bedsides 

A key location in which clinicians undertake work and need access to information is at 

the patient bedside (Andersen et al. 2009; Banitsas et al. 2004; Campbell & Ash 2006; 

Creamer et al. 2010; Dahl et al. 2006; Gurses & Xiao 2006; Leape 1997; Luff & Heath 

1998a; Moran et al. 2006; Rodriguez et al. 2003; Rothschild et al. 2002).  Results from 

this study showed that doctors on ward rounds and nurses on medication administration 

rounds, indeed, carried out a substantial proportion of clinical tasks involving access to, 

or documentation of, information at patients’ bedsides.  Nurses required information at 

the bedside in order to prepare and administer medications to patients, while doctors 

needed to review each patient’s record in order to make decisions regarding their 

PART C: DISCUSSION 
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ongoing plans of care.  Observational data demonstrated that mobile computing devices 

were largely used to support clinicians’ information needs at patients’ bedsides.   

Contrary to findings by Tang and Carpendale (2008), where nurses reported rarely 

taking mobile devices to the bedside, both doctors and nurses within this present study 

frequently took mobile computing devices to use at patients’ bedsides.  Both also 

expressed a preference for mobile devices over fixed computing devices for accessing 

information during ward rounds and medication administration rounds; a preference 

that was reflected by the minimal use of fixed computers during the conduct of ward 

round and medication administration round tasks.  Mobile computing devices were 

valued as they facilitated ease of access to information when the need for it arose.  

Nurses particularly liked being able to access decision support at the bedside, such as 

special instructions regarding the administration of certain medications.  Doctors liked 

that mobile devices provided ready access to electronic patient information at the 

bedside; whereas, at times, they had to search the ward to find the paper-based medical 

records they required.  Doctors were consistently observed accessing patients’ current 

information, including test results and medication charts, as well as occasionally 

accessing information from patients’ prior hospital admissions; both of which were 

supported by the use of mobile computing devices at patients’ bedsides.  Such findings 

affirm suggestions by Martins and Jones (2005b) that bedside access to timely patient 

information (such as the latest test results) and access to patients’ medical histories 

(which clinicians may not always expect to need) are distinctive benefits of mobile 

computing devices, particularly compared to paper-based medical records. 

The finding that mobile devices supported clinicians’ bedside information needs, 

meaning that clinicians didn’t need to leave the bedside to use a fixed computing device 

or to locate paper-based resources, may have positive implications on the efficiency of 

clinical work.  Studies have consistently pointed to the workflow interruptions, 
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inefficiencies, and the redundancy of duplicate documentation caused by fixed 

computing devices located away from the patient bedside (Bates et al. 1994; Callen et al. 

2013a; Chan et al. 2004; Embi et al. 2004; Fuchs et al. 2006; Kossman & Scheidenhelm 

2008; Kushniruk et al. 2006; McCord et al. 2007; Moran et al. 2006; Niazkhani et al. 

2009; Shu et al. 2001; Tierney et al. 1993). Mobile computing devices can diminish such 

interruptions, as exemplified in a workflow study by Cummings et al. (2008) that 

examined pharmacists’ use of fixed and mobile computing devices during ward rounds.  

The study found that using fixed computers resulted in the pharmacist having to leave 

the ward round team for a total of 37 minutes (of 213 minutes of observations) in order 

to access information.  Use of a mobile computing device, however, allowed the 

pharmacist to stay at the bedside with the ward round team, improving access to 

information and significantly decreasing interruption to workflow. 

As well as facilitating efficient work practices, mobile devices providing access to 

information at patients’ bedsides can have important implications on the effectiveness of 

care delivery.  A seminal systematic review highlighted that access to decision support at 

the time and location of clinical decision-making is a significant predictor of improved 

clinical practice (Kawamoto et al. 2005).  Subsequent studies have similarly shown that 

clinicians’ use of decision support, via mobile computing devices, can lead to improved 

treatment decisions (Berner et al. 2006; Rudkin et al. 2006) and patient outcomes 

(Newton et al. 2010; Sintchenko et al. 2005).  While observation of the use of decision 

support information was relatively infrequent in the present study, as it was in the 

Sintchenko et al. (2005) study, on the occasions that clinicians did seek out information 

at patients’ bedsides they were observed using mobile computing device to fulfil their 

information needs.  This suggests that the benefit of mobile devices in supporting 

clinical work is that they provide a convenient mechanism by which to access clinical 

information at patients’ bedsides if, and when, the need for it arises.  Such findings are 

noteworthy in light of the importance of convenient access to information; as 
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underscored in prominent research by Sackett and Straus (1998) who found that 

clinicians rarely seek out clinical information when it is not readily accessible, even 

when the need for it arises.   

In addition to supporting clinicians’ information needs, the use of mobile computing 

devices at patients’ bedsides was observed to support interactions with patients.  This is 

somewhat contrary to findings from several qualitative studies that have reported 

potentially negative effects of computing devices on bedside interactions between 

clinicians and patients; with clinicians perceiving that the use of computing devices 

distracted attention away from the patient (Alsos et al. 2011; Duffy et al. 2010; Ilie et al. 

2007; Kossman 2006; Linder et al. 2006).  Consequently, some clinicians preferred not 

to use computing devices during interactions with patients (Ilie et al. 2007; Kossman 

2006).  Patients that were interviewed in one of the studies conveyed that they felt 

hesitant to ask questions when doctors used mobile computing devices as they did not 

want to disturb the doctor (Alsos et al. 2011).  While a limitation of the present study is 

that neither clinicians’ nor patients’ perceptions about the effect of mobile computing 

devices on interactions were elicited, the frequency with which clinicians were observed 

using mobile devices at patients’ bedsides suggests that they likely did not perceive the 

devices to detract from interactions with patients.  Furthermore, on a number of 

occasions patients were observed to enquire about their medications or test results.  

Rather than just providing a verbal response, clinicians’ occasionally utilised mobile 

computing devices to show patients their information while responding to the enquiry.  

A salient example was that of a doctor not merely telling a patient that her post-

operative x-ray was clear, but showing the patient the image of the x-ray result.  

Moreover, the doctor was able to access the pre-operative x-ray to both explain and 

visually demonstrate to the patient the changes in her pre- and post-operative results.  

Such interactions were made possible by the availability and use of mobile computing 

devices at patients’ bedsides.   
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While evidence from hospital settings to support such findings is limited, a systematic 

review of 14 studies, predominantly from primary care settings, similarly found that 

computing devices could positively influence interactions between doctors and patients 

(Shachak & Reis 2009).  The review indicated that the use of computing devices during 

consultations facilitated enhanced information exchange between doctors and patients, 

particularly regarding medications.  Doctors using computing devices were found to 

clarify information and provide education, which in turn encouraged patients to ask 

questions, to a greater extent than doctors using paper-based medical records.  The 

review highlighted several important factors that contributed to positive interactions 

between doctors and patients.  Some of these factors included: use of a manoeuvrable 

monitor that could be turned toward the patient; encouraging patients to engage 

regarding their own information; and pointing to the screen to highlight the information 

being discussed.  As suggested by the authors, such findings have important implications 

in demonstrating that the use of computing devices can be elevated beyond the primary 

purpose of supporting clinicians’ information needs, to the greater potential of 

integrating computing devices as a critical component in supporting interactions 

between clinicians and patients.  

4.23. Mobile Devices Supporting Work in Other Ward Locations and In 

Transit 

While most ward round and medication administration round tasks were conducted at 

patients’ bedsides, the bedside by no means represented the only location in which 

clinicians undertook their work.  In line with the findings of Andersen et al. (2009) and 

Cornell et al. (2010), clinicians were observed to perform tasks in various locations 

throughout the ward, such as the corridors, the workbays, the medication room, and the 

shared office area.  Of these, the corridors represented the location in which doctors 

carried out a large proportion of ward round tasks, while both the corridors and the 
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medication room were key locations in which nurses undertook medication 

administration rounds tasks.   

The corridors of the ward were found to be more than just a space through which 

clinicians moved from one patients’ room to the next.  They served as a location in 

which ward round teams would gather to have clinical discussions.  Similar findings 

were identified in studies by Baysari et al. (2011b) and Moran et al. (2006); with Moran 

et al. (2006) describing corridors as a meaningful space in which doctors exchange 

information and have many discussions about their patients.  For nurses, who generally 

conduct medication administration rounds independently, the corridors were a location 

in which much of their interactions with other clinicians occurred.  As has been 

consistently found in the literature, most interactions were observed to occur within 

professional roles; with nurses largely interacting with other nurses and doctors 

predominantly interacting with other doctors (Creswick et al. 2010; Creswick et al. 

2009; Creswick & Westbrook 2010; Degeling et al. 2001; Moran et al. 2006; Westbrook 

et al. 2008; Westbrook et al. 2013).  

During discussions and interactions in the corridors, clinicians’ access to electronic 

information was supported by the use of mobile computing devices.  Despite fixed 

computers being stationed in workbays directly beside the corridors they were rarely 

utilised for ward round or medication administration round tasks.  Similarly, nurses 

undertaking tasks in the medication room regularly elected to bring mobile computing 

devices into the medication room to utilise in preference to the readily available fixed 

computing device in the room.  This is likely a reflection of the inherent benefit of 

mobile computing devices: their mobility.  Being able to take a mobile computing device 

from one location to the next meant that clinicians didn’t need to log off one computing 

device and then log on to another computing device when moving to a different 

location; a process which is recognised to be inconvenient and interruptive to workflow 
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(Bardram 2005b; Callen et al. 2013a; Cheng et al. 2003; Tang & Carpendale 2008; 

Wagner & Moore 2011).  Rather, mobile devices allowed clinicians to maintain a 

continuous connection to the clinical information system and, hence, maintain 

continuity of work processes.   

As well as supporting work within different ward locations, mobile computing devices 

supported work while clinicians travelled in-between locations further facilitating 

continuity of work processes.  The mobile manner in which doctors on ward rounds and 

nurses on medication administration rounds conducted their work meant that they were 

frequently in transit from one location to the next.  Observational time and motion 

studies have found that nurses spend 4.6% to 7.4% of time in transit (Westbrook et al. 

2011), while doctors spend 5% to 7% of time in transit (Westbrook et al. 2008).  Mobile 

computing devices allowed clinicians to make potentially valuable use of time in transit 

by allowing them to complete tasks while they walked from one location to the next.  

Observational data demonstrated that both doctors and nurses utilised mobile 

computing devices to not only access information but to document information in 

transit; with nurses documenting the administration of medications and doctors 

documenting modifications to medications or entering new medication orders.  The 

ability for mobile computing devices to support the conduct of clinical work in transit 

represents a distinctive benefit of mobile devices over fixed computing devices. 

4.24. Devices Supporting Non-Mobile Work 

Although clinicians were highly mobile during the conduct of ward rounds and 

medication administration rounds, outside of these activities clinicians were observed to 

be far less mobile.  Tasks conducted outside of rounds, involving access to or 

documentation of information, largely occurred at the workbays.  While the tasks nurses 

undertook outside of rounds were primarily paper-based, doctors’ tasks were 
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predominantly computer-based.  Observational data revealed that doctors almost 

exclusively used desktop computers to support their electronic information needs 

outside of rounds.  Such findings correspond with those reported in studies by Andersen 

et al. (2009) and Martins et al. (2005).  Both of these studies found that outside of ward 

rounds, even with the availability of mobile computing devices, doctors elected to use 

desktop computers.  As raised by Martins et al. (2005), the question that arises from 

such observations is – why didn’t doctors use mobile computing devices outside of 

rounds?  

The findings from this present study suggest that doctors’ decisions to use a desktop 

computer, as opposed to a mobile computing device, were influenced by several factors.  

Firstly, unlike the work practices observed on ward rounds, outside of rounds doctors 

were not constantly shifting locations and they had substantially less interaction with 

patients.  Thus the shift to desktop computers was likely a reflection of these changes in 

work practices, where tasks outside of rounds could be conducted in one location and 

away from the patient bedside.  Secondly, one of the key tasks that doctors performed 

outside of rounds was documenting patient discharge summaries.  This task required 

reviewing of patients’ records in order to obtain all the information necessary to ensure 

comprehensive documentation of discharge summaries, including diagnoses, 

medications, test results, progress while in hospital, and on-going treatment plans 

(Kripalani et al. 2007).  Due to the hospital’s hybrid system doctors needed access to 

both a computing device and paper-based medical records to obtain and document such 

information.  A contributing factor in doctors electing to use desktop computers may, 

thus, have been because the computers were stationed on desks; providing space on 

which to place paper-based medical records so that both paper-based and electronic 

information could easily be viewed at the same time.  Finally, while ward rounds were 

team based, outside of rounds doctors largely conducted tasks independently.  Doctors 

could, therefore, sit at a desk and work on their own, and at their own pace.   
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4.25. Factors Affecting the Use of Computing Devices 

A large portion of the observed results could be attributed to a relationship between 

attributes of the tasks and attributes of the technology: with the mobile nature of ward 

round and medication administration round tasks found to be suited to the mobile 

nature of computer carts; and the substantially less mobile nature of tasks conducted 

outside of rounds suited to the stationary nature of desktop computers.  However, this 

relationship alone does not account for all of the device use behaviours that were 

observed in this study.     

Ammenwerth et al.’s (2006) fit between individuals, task, and technology (FITT) 

framework, posits that the optimal use of technology is dependent on the interaction 

between three key dimensions: attributes of users, tasks, and technology.  A distinction 

of the FITT framework, compared to other theoretical frameworks aimed at 

understanding technology use, is the emphasis on the interaction between users and 

tasks and the subsequent impact that this interaction has on the use of technology.  

Application of the FITT framework in this present study aided in the identification of 

distinct differences between the attributes of the observed user groups and how they 

conduct tasks.  Nurses were found to largely conduct their work independently and, 

hence, could select the computing device that they perceived provided the best fit for 

their tasks.  Doctors, on the other hand, worked in teams during ward rounds.  As was 

found by Martins and Jones (2005b) in a study examining doctors’ use of computer carts 

during ward rounds, the use of computing devices within a ward round team is largely 

influenced by the team leader.   

While all ward round teams within this study were observed to use mobile computing 

devices, there was variation amongst the teams in terms of who each team leader 

assigned as the primary user of the computing device.  This assignment was found to 

have important implications on how mobile computing devices supported clinical work 
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on ward rounds.  When junior doctors were the primary users the documentation of test 

orders, medication orders, and modifications to medications were largely entered 

directly onto the computer cart during the ward round.  When senior doctors were the 

primary users it meant that junior doctors had to document orders and modifications on 

paper to be entered electronically outside of rounds.  Such findings reflect the 

hierarchical structure of ward round teams: where senior doctors make clinical 

decisions, while junior doctors tend to be responsible for documenting decisions 

(Baysari et al. 2011a; Lewis & Tully 2009; Ross et al. 2012). 

This hierarchical structure has been recognised to pose challenges to the effective use of 

technology on ward rounds.  Research conducted by Baysari et al. (2011a), which 

examined the effectiveness of a decision support system (DSS) on medication 

prescribing during ward rounds, found that when junior doctors entered medication 

orders onto computer carts they largely ignored DSS alerts.  This is likely because junior 

doctors are hesitant to question senior doctors’ prescribing decisions (Lewis & Tully 

2009; Ross et al. 2012).  The information provided by the DSS was therefore not 

incorporated into clinical decision-making as it failed to reach the senior doctors who 

make the prescribing decisions (Baysari et al. 2011a).  In essence, the DSS was rendered 

ineffective, despite the fact that it was available at the time of order entry.   

The above findings highlight that, irrespective of a congruent relationship between 

mobile computing devices and the mobile nature of ward rounds, the user of the mobile 

device within the ward round team affected optimal fit: validating Ammenwerth et al.’s 

(2006) argument about the importance of the user dimension when examining the use of 

technology.  However, even when adequate fit between the attributes of users, tasks, and 

technology was attained (for example, computer carts supporting nurses’ work practices 

during medication administration rounds) additional factors, related to the environment 

in which the technology was used, were found to affect the use of mobile computing 
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devices.  These factors included the temporal rhythms of the ward, infection control 

rooms, and lack of space. 

4.25.1. Environment Factors Affecting the Use of Mobile Computing 

Devices 

One of the key factors found to affect the use of mobile computing devices was the 

temporal rhythms of the ward.  When the timing of ward rounds and medication 

administration rounds coincided it resulted in more clinicians requiring the concurrent 

use of mobile computing devices than what was available.  Nurses that were not able to 

access a mobile device reported using a desktop computer instead.  As desktop 

computers were not available at the patient bedside, where information is largely needed 

during medication administration rounds, nurses would transcribe information from the 

desktop computer onto paper.  Although transcribing allows information to be taken to 

the bedside it also introduces the potential for errors (Armutlu et al. 2008; Benkirane et 

al. 2009; Callen et al. 2010; Knudsen et al. 2007; Pham et al. 2011; Wilton & Pennisi 

1994), as well as negatively impacting on efficiency as a result of the additional 

documentation (Fuchs et al. 2006; Kossman 2006). 

The presence of infection control rooms on a ward was also found to affect the use of 

mobile computing devices.  In cases where a patient was isolated in an infection control 

room, clinicians could not take the computer carts into the infection control room.  

Instead they had to leave the computer cart outside of the room and walk between the 

patient bedside and the computer cart when needing to access or document information.  

Similarly, lack of space at the patient bedside, often due to the presence of other 

essential medical equipment or furniture, impacted on clinicians’ ability to use computer 

carts at the bedside.  Andersen et al. (2009), who observed clinicians’ use of computing 

devices on hospital wards, found that lack of space was a critical factor preventing the 
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use of computer carts at the patient bedside.  Nurses surveyed by Moody et al. (2004), 

reported that a lack of space resulted in the need to undertake double documentation: 

using paper to document information at the bedside and then copying the data into onto 

the computer cart.   

The commonality amongst the above factors is that they restricted the ability of 

clinicians to use mobile computing devices at the patient bedside and, hence, impacted 

on the use and optimal fit of computing devices.  This meant that, not only were the 

benefits associated with having a mobile device at the bedside, such as ease of access to 

information, subsequently lost, but the potential for errors was introduced due to 

clinicians having to work around the restraints imposed by these factors.   

Such findings highlight the importance of examining environmental factors as an entity 

in and of themselves.  While the FITT framework considers factors related to the 

environment (or context) as an intrinsic part of user attributes, the above findings 

suggest that such factors represent an overarching influence that can affect the use of 

devices even when there is fit between individuals, tasks, and technology.  

4.26. Persistence of Paper 

An incidental finding emerging from this study was the persistence of temporary paper 

resources, such as nurses’ handover sheets, doctors’ patient summary worksheets, and 

scrap pieces of paper.  In some instances the use of temporary paper resources was 

observed to be an interim means by which clinicians’ overcame factors affecting the use 

of computing devices.  For example, nurses transcribing information from desktop 

computers onto their handover sheet when mobile devices were unavailable or junior 

doctors’ documentation of treatment decisions on their patient summary worksheets 

when senior doctors were using the computer carts.  Chen (2010) describes temporary 

paper resources used in such instances as “transitional artifacts” which are used to 
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bridge a gap between clinical workflow needs and formal electronic documentation.  

The persistence of temporary paper resources in such cases could potentially be 

decreased, or even eliminated, by addressing the factors hindering direct electronic 

information access or input.  

A more notable use of temporary paper resources, however, was for the documentation 

of personal notes, such as self-reminders regarding tasks to be completed or requiring 

follow-up.  In such instances clinicians utilised temporary paper resources even when 

computing devices were readily accessible.  This was similarly shown to be the case in a 

study by Tang and Carpendale (2008).  The authors found that nurses carried paper-

based worksheets throughout their shift and utilised them alongside computing devices.  

The worksheets were identified to be a critical resource supporting nurses’ work.  

Nurses’ relied on the notes they documented on the worksheets to “inform them of the 

tasks to be performed, the order in which the tasks should be carried out and an 

overview of their shift work” (p.213).  As suggested by Fitzpatrick (2000), the use of 

temporary paper resources in these instances is borne out of a need to fill the void of 

information that doesn’t fit in the formal electronic record.  

Such findings highlight a critical gap where technology currently fails to support clinical 

work and highlights an area of opportunity to develop systems that facilitate clinicians 

need for information of a temporary nature.  Having a system where doctors and nurses 

can quickly enter notes that do not form part of the permanent record and which are 

privy only to themselves may help to reduce the persistence of paper.  Such a system 

could help streamline clinicians’ work by removing the need to rely on multiple 

resources.  In addition, the system could provide additional technological benefits that 

paper cannot; such as being able to set alerts to notes as a reminder to complete a task.   
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4.27. Implications of the Findings 

The findings from this study highlight the importance of undertaking evaluations of 

clinicians’ work in practice.  In particular, assessing where clinicians undertake work and 

whether their work practices are adequately supported by the technology available to 

them is necessary in order to identify the types of technology that may help optimise 

work practices.   

As established earlier in the thesis, existing literature examining clinicians’ use of mobile 

computing devices tends to portray mobile devices as inherently beneficial without clear 

indication of how they support clinical work practices.  By observing clinicians’ use of 

computing devices in practice, in particular where device use occurs, this study has 

provided empirical evidence demonstrating that mobile computing devices support 

clinicians’ work by facilitating access to information at patients’ bedsides.  While such 

evidence is important, of potentially greater significance was the fact that mobile devices 

also supported clinicians’ work away from the bedside, facilitating continuity of work 

processes as clinicians moved throughout the ward.  Such findings have important 

implications for the selection of computing devices.  They suggest that, in wards sharing 

similar characteristics to those examined in this study, mobile computing devices may 

be a preferential choice to fixed computing devices at the bedside as fixed devices may 

compromise the ability for clinicians to maintain continuity in their work.  As stated by 

Martins and Jones (2005b) providing clinicians with mobile devices brings the 

information to the clinician, rather than the clinician having to seek out information as 

is the case with fixed computing devices.   

However, despite the enthusiasm surrounding mobile computing devices on their own 

they cannot meet the challenge of adequately supporting clinical work practices.  

Desktop computers still have their place on the ward.  Doctors were observed using 

desktop computers outside of rounds, for tasks such as discharge summaries, even when 
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mobile devices were available and accessible.  Likewise some nurses expressed a 

preference for desktop computers when conducting tasks outside of rounds as they could 

sit down during such tasks.  The reliance on different types of computing devices for 

different tasks suggests that while mobile devices support mobile tasks they need to exist 

alongside fixed devices.  A number of researchers have likewise suggested that the use of 

mobile devices should be used to complement fixed computing devices (Ammenwerth et 

al. 2000; Harkke 2006; Lindquist et al. 2008b) and that the combination and integration 

of various technologies can achieve the greatest result for both clinicians and their 

patients (Ammenwerth et al. 2000; Dahl et al. 2006; Luff & Heath 199b; Moran et al. 

2006).  This requires understanding and acknowledging both the advantages and 

disadvantages of various technologies, how they are used in real-work clinical 

situations, and the factors which determine their utility. 

4.28. Limitations 

This study had several limitations.  As with any observational research there is a 

possibility of introducing the Hawthorne effect: where participants modify their 

behaviour in the presence of the researcher.  While it cannot be known whether 

participants changed their behaviour, given that the focus of the study was examining 

how computing devices supported clinicians’ work and that no assessment of quality 

was being made, any magnitude of behavioural change is likely to have had minimal 

influence on the study findings.   

The scope of this study was to evaluate the use of the computing devices, not the clinical 

information systems accessible via those devices.  However, software undoubtedly 

affects the use of hardware and, as such, may have had an impact on the study findings.  

Differences in the way that nurses in this study, for example, were observed to use 

mobile computing devices compared to findings in other studies of a similar nature 
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(such as the study by Tang & Carpendale (2008)) may be due to differences in the 

available information systems.  The findings from this study, therefore, need to be 

considered in light of the information system context of the study site.  Further, the 

study findings are based on data obtained from two study wards of one hospital and 

thus may not be generalisable to other hospitals or wards with very different practices.   

Another limitation of this study is that a key benefit of mobile computing devices is that 

they can be used anywhere, at anytime, including both on and off the ward.  Limiting 

observation of mobile computing device use to within wards meant that opportunities to 

discover if, and how, mobile computing devices were used to support clinical work 

outside of wards was missed.  This is likely to have limited the assessment of all possible 

benefits that mobile computing devices provide.  For example, doctors at night who 

move between large numbers of wards may be better supported if using mobile 

computing devices that they are able to carry with them from one ward to the next.  

Furthermore, the study wards largely used computer carts, with only a couple of doctors 

using tablet computers.  The findings in this study may have been different if different 

types of mobile devices were used.  This indicates the need for future research that 

evaluates and compares the use of different types of mobile computing devices to either 

validate or counter the findings from this study. 

4.29. Conclusion 

This chapter discussed the second stage of the research, which involved an investigation 

of how mobile computing devices support clinical work practices on hospital wards.  

The findings provide evidence validating core assumptions about mobile devices: 

namely, that they support clinicians’ work by facilitating access to information at 

patients’ bedsides.  Notably, mobile devices also supported work away from the bedside 

and whilst clinicians were in transit, allowing continuity in work processes.  However, 
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mobile devices did not provide the best fit for all tasks and additional factors, such as the 

temporal rhythms of the ward and structure of ward round teams, affected how mobile 

devices supported work.  These key findings from this second stage of the research and 

those arising from the first stage of the research are drawn together in the following, and 

final, chapter of this thesis, which discusses the major contributions and implications of 

the research presented in this thesis.  
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Chapter 5. Discussion & Conclusions 

5.1. Introduction 

The research presented in this thesis set out to generate new knowledge regarding the 

selection and use of computing devices to support clinical work practices on hospital 

wards.  Stage one of the research investigated the perspectives of individuals involved in 

the selection of computing devices in order to determine how decision-makers select 

computing devices and what factors they consider when making decisions about the 

selection of devices.  Stage two of the research investigated clinicians’ use of computing 

devices on hospital wards in order to determine how mobile computing devices support 

clinical work practices and what factors affect their use.  Taken together, these two 

stages of research provide important contributions to the existing evidence base, which 

have practical implications for decision-makers responsible for the acquisition of 

computing devices whose decisions ultimately affect clinicians and their work practices.  

The purpose of this final chapter is to discuss these contributions and implications, and 

to highlight opportunities for future research. 

5.2. Guidelines for the Selection of Computing Devices 

A critical lesson arising from the research presented in this thesis is that the selection of 

computing devices and the use of computing devices are intricately related.  For 

computing devices to achieve their intended benefits, the factors upon which decision-

DISCUSSION & CONCLUSIONS 
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makers base their device selection decisions must correspond with the factors that affect 

clinicians’ use of computing devices in practice.  Research, such as that presented in this 

thesis, which examines both the selection and use of devices is therefore essential to 

extending our understanding of how best to select computing devices that will 

adequately support clinical work practices.  By first identifying the range of factors that 

decision-makers consider when selecting computing devices and then examining 

whether such factors are evident in practice, this research facilitated the development of 

guiding checklists to aid the selection of computing devices (Table 5.1, Table 5.2, and 

Table 5.3).  Grounded in evidence, these checklists detail the technology, user and task, 

and environment factors that were found to influence the use of computing devices on 

hospital wards and represent a unique and valuable contribution to knowledge arising 

from this research. 

Such guidelines are important for decision-makers responsible for the acquisition of 

computing devices as there is no “one size fits all” solution and the implementation of 

similar technologies in different settings can render different results.  As such, when 

undertaking device selection decisions, due consideration needs to be given to all the 

factors that may affect device use as technology can significantly impact the efficiency 

and effectiveness of clinical work practices; both in intended and unintended ways (Ash 

et al. 2004; Audet et al. 2005; Buntin et al. 2011; Embi et al. 2004; Eslami et al. 2008; 

Garg et al. 2005; Poon et al. 2006; Sidorov 2006; Wachter 2006; Zhan et al. 2006).  In 

particular, it is important to identify the environmental nuances that may affect the ideal 

fit of computing devices. 
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Table 5.1. Factors to Consider in Device Selection Decisions: Technology Attributes 

 Factors  Key Queries 

 Technology Attributes  
     

 

  Infrastructure 

 

 Is wireless infrastructure available to allow for mobile 

computing devices?   

 Is the speed of the wireless network adequate?   

 Is there sufficient coverage (i.e., access points) to  

maintain uninterrupted network connectivity    

throughout the ward/hospital? 

 

 

 
     

     

     

 

  Existing Hardware 

 

 Will the mobile device cause interference to existing 

hardware (e.g., medical devices such as infusion pumps)? 

 Are electrical outlets available to permanently power  

fixed computing devices?   

 Are electrical outlets easily accessible for recharging 

mobile devices? Are they also accessible at the bedside?     
     

     

     

 

  Device Characteristics 

 

 Does the mobile device have wireless capabilities?   

 Is the battery life adequate?   

 How long does it take to recharge the battery?   

 Is the device rugged and robust (in case it is dropped)?   

 Can the device be sanitised?   

 What kind of data input mechanism does the device have? 

 What size is the screen?   

 How much does the device weigh (can it easily be carried 

or manoeuvred)?   
     

     

     

     

 

  Software Applications 

 

 Is the device’s operating system compatible with the 

clinical software applications being used or being 

considered for implementation?   

 Is the interface of the software application transferable to 

different screen sizes?   

 Can the software application be modified or is there a 

version for mobile devices with smaller screens?  
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Table 5.2. Factors to Consider in Device Selection Decisions: User and Task Attributes 

 Factors  Key Queries 

  User & Task Attributes 
 

     

 

  Role of User  

 

 What type of role (doctor, nurse, pharmacist, allied health 

professional, etc.) will utilise the computing device?   

 Are tasks performed independently or within a team   

(i.e., do multiple clinicians need access to devices or to see 

information on the computer screen at the same time)?   

 What is the structure of ward round teams? Do they 

require the use of multiple devices?  
     

     

     

     

 

  Task Type 

 

  Are the tasks that require use of computing devices 

mobile or desk-based?   

 Are additional items required to perform tasks (e.g., 

sphygmomanometers)?  Can these items easily be    

carried while also carrying a handheld device (e.g., tablet 

computer) or do they need to be stowed and manoeuvred 

using a portable device (e.g., computer cart)? 

 What quantity of information do users need in a given 

location (e.g., at the bedside, in an office)?   

 Is the device suited to accessing/documenting smaller 

amounts of information (e.g., displaying a summary of 

test results, entering a test order) or larger amounts of 

information (e.g., displaying trends over time, preparing  

a comprehensive report or discharge summary)?      
     

     

     

     

 

  Location of Task 

 

 Where do users undertake tasks that require access to 

computing devices (e.g., at the bedside, away from the 

bedside or in the corridors, in an office)? 

 Where do users need to access patient information or 

clinical resources?   

 Where do users need to document patient information? 

 Will the computing device allow users to avoid walking 

between the locations where information access/capture 

is required and the location of the device?  
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Table 5.3. Factors to Consider in Device Selection Decisions: Environment Attributes 

 Environment Attributes 
 

     

 

  Ward Type 

 

 What is the patient acuity profile of the ward?   

 How many clinicians work on the ward?   

 Does the ward have infection control or isolation rooms 

that may require devices that can be sanitised?   
     

     

     

     

 

  Space Available 

 

 Is there desktop space or wall space available to 

permanently install fixed computing devices?   

 Is there sufficient space available at the patient bedside to 

install a fixed device without the device being obstructive 

in an emergency (e.g., patient resuscitation)?   

 Is there sufficient space to wheel or use computer carts at 

the bedside? 

 Is there space available to store and move mobile 

computing devices (e.g., computer carts) around?    
     

     

     

     

 

  Accessing Dynamics 

 

 How many (what percentage of) paper-based processes 

have been replaced with electronic processes?   

 Do users currently need to queue to access a computing 

device?   

 What are the temporal rhythms of the ward (i.e., when 

are ward rounds and medication administration rounds 

conducted, do they coincide, and what is the average 

duration of rounds)? 

 How many users need access to computing devices 

concurrently during peak accessing times?   

 Are clinicians able to access fixed computing devices or 

move mobile computing devices at night without 

disrupting patients?    
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5.3. Applicability of the FITT framework 

The research presented in this thesis highlights the value of undertaking research 

informed by a theoretical framework.  Utilising a framework not only provides a lens 

through which to assess study findings but, as frameworks are founded upon existing 

evidence, their use adds validity (Brennan 2008).  Frameworks have been widely used to 

evaluate the use of technology (Holden & Karsh 2010).  Yet, these same frameworks are 

rarely applied when investigating decisions that precede technology implementation. 

Ammenwerth et al.’s (2006) FITT is one such framework.  FITT has been used in 

several studies to assess the suitability between technology, users, and clinical work 

(Honekamp & Ostermann 2011; Schnall et al. 2012; Sheehan et al. 2012; Tsiknakis & 

Kouroubali 2009).  The research presented in this thesis, however, utilised the FITT 

framework for examining both decisions about the selection of technology as well as the 

use of technology in practice.   

The factors that decision-makers perceived were important to consider when selecting 

computing devices largely aligned with the FITT dimensions.  These factors were also 

reflected in the observation of clinicians’ use of computing devices in practice, 

demonstrating the applicability of the FITT framework to both decisions about device 

selection and the use of computing devices.  That the same framework can be used 

when looking at decisions regarding the selection of technology, as well as the use of 

that technology once it has been implemented is an important finding.  For decision-

makers, it highlights that studies that have applied the FITT framework to assess the use 

of computing devices also impart valuable evidence to help inform device selection 

decisions.   

The findings presented in this thesis, however, suggest the need for additions to the 

framework.  While the dimensions of individuals, tasks, and technology were found to 

be critical in assessing fit, ultimately it was factors within the environment, such as the 
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temporal rhythms of a ward, the presence of infection control rooms, or the space on the 

ward, which influenced the optimal use of technology.  Presently, the FITT framework 

enmeshes factors related to the environment (or context) of a setting as part of the user 

attribute (Ammenwerth et al. 2006).  Yet, context is recognised to be a critically 

important factor affecting the use of technology.  Callen et al.’s (2008) Contextual 

Implementation Model (CIM), which provides a framework to guide the 

implementation of clinical information systems, specifies the need for implementers of 

technology to undertake a thorough analysis of context.  The authors indicate that the 

identified contextual factors should be carefully considered and included in 

implementation project plans.  Pawson et al.’s (2005) realist review model similarly 

underscores the need to discern the circumstances in which an intervention works or, 

conversely, does not work.  Identifying such circumstances is suggested to “enable 

decision-makers to reach a deeper understanding of the intervention and how it can be 

made to work most effectively” (p.21).   

The addition of a separate and overarching “environment” dimension to the FITT 

framework would aid in the assessment of factors related to the context in which users, 

tasks, and technology operate.  The distinction of environment as a separate dimension 

is necessary as it is likely that this is where the key differences between different sites 

and settings lie.  As such, an environment dimension may help to explain why a 

technology that works in one setting does not show the same success in another setting.  

This is an important area where further research is required. 

5.4. Recommendations for Future Research 

Technology is changing rapidly.  Even within the time that the research presented in this 

thesis was conducted the technology landscape has changed immensely.  Yet research 

examining the selection of computing devices and clearly demonstrating how devices 
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support clinical work practices remains scarce.  Technology will continue to evolve and 

be implemented into hospitals, so it is critical that those responsible for implementing 

technology have guiding evidence on which to base their decisions.  The research 

presented in this thesis contributes new knowledge that can be utilised by decision-

makers responsible for the selection of technology to guide decisions regarding devices 

that will adequately support clinical work practices.  However, additional research 

would help to validate the findings from this study.   

Furthermore, application of the FITT framework needs to be further assessed.  When 

using the FITT framework we are assessing a current set of circumstances into which 

technology will be implemented.  Technology is, however, known to be disruptive.  The 

implemented technology may suit the work practices but work practices will also change 

because of the new technology (Wears & Berg 2005).  The question then becomes how 

do we account for this in the framework?  Future research should assess whether 

iterative use of the framework might address this.    

5.5. Concluding Remarks 

The research presented in this thesis makes an important contribution to knowledge by 

providing insight into the selection and use of computing devices on hospital wards.  

Perhaps the most significant lesson conveyed through this work is the importance of 

understanding the multitude of factors that can influence how well computing devices 

support clinical work.  The success of computing devices in supporting clinical work lies 

in first understanding these factors and considering them during the selection of 

computing devices.  In investigating the selection and use of computing devices this 

research has also shown that it is possible, and moreover necessary, to apply the same 

framework to both studies about the selection of computing devices and evaluations of 

the use of computing devices in practice.   
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Appendix A.1. Referred Journal Article 

792 P RGOM I!T ET AL., Impact of Handheld Technology on Work 

llel'iew Paper • 

The Impact of lVlobile Handheld T echnology on H o pital 
Phy ician ' \Vork Practice and Patien t Care: A tem atic 
Review 

.\lmEL\ P RCO\ IE'L IJAJ•p (I lo:-.s). ANmu:w Coonc1oL. P11D, Jom:\M L WF 'lllllOOIL PuD 

A b S t r a G t The substantial growth in mobile handheld technologies has heralded the opportunity to 
provide physidans with access to information, resources, and peop le at the right time and place. But is this 
technology delivering the benefits to workflow and patimt care promised by increased mobility? The au thors 
conducted a systematic !reView to examine evidence regarding the impact of mobile handheld technology on 
hospita l physicians' work practioes and patient care, focusing on quant ification of the espoi.ISEd virtues of mobile 
t<'Chnologies. The authors idmti&d thirteen studies that demonstrated the ability of personal digital assistants 
(PDAs) to positive!)' impact on areas of rapid response, error prevention, and data management and accessibility . 
The use of PDAs demonstrates the greatest benefi ts in contexts where time is a critical factor and a rapid response 
crudal However, the extent to which these devioes improved outcomes and workflow efficiencies because of thcir 
mobility was largely absent from the literature. The paucity of evidence calls for much needed future research that 
asks explicit q uestions about the impact the mobility of devicrs has on work practices and outcom.es. 

• JAmMed lnform Assoc. 2009; 16:792-801. 001 10.1197/jamia.M321S. 

lutroductiou 
Mobility is a central fca ture of health care delivery.' Clinical 
work, conducted in multiple locations, requires physidans 
to communicate and collabora te with different individua ls 
and to move between patients, wards, clinics, labora tories, 
operating theaters, and offices.. 2--4 Physicians require infor
mation systems which provide access to data, resources, and 
people where and when they undertake work.. 2 Technology 
can potentially improve information a~essib ility.5 Never· 
theless, mismatches between system capabilities, and needs 
and workflow s of p hysicians may hinder realization of 
intended benefi~s.• 

Clinical systems have o nly partly delivered upon the 
promise of p roviding the righ t information, abou t the 
righ t patient, a t the r ight time, in the right place? Wh ile 
deskto p oomputers allow easy storage, searching, re
trieval, and sharing of patient informat ion? because they 
are static, they do not support many aspects of mobile 
wo rk_2JI.9 In the absence of bedside term inals, physicians 
must often search to find an accessible computer at a 
location away from the patient.10 Trad itional portab le 
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paper charts. by cont rast, support the mobility of physi· 
cians,8

•
11 b ut are limited by inefficient information ac<:es· 

sibility and their lack of simu ltaneous access by mult ip le 
users.2.11 

Mobile technologies combine advantages of paper charts 
and desktop computers in their portability 12 and support lor 
information acress anywhere, anytime. 11 Handheld devices, 
including tablet computers and personal d igital assistants 
(PI)As). are generally small, portable, lightweight comput· 
ers with wireless nehvork eon.nectivity.13-ts SinCE their 
int roduction in the 1990s, their uptake has steadily in· 
creascd.12--1ol." •17 A review of PDA use by healthcare pro
viders indicated adoption by 45'Y. to 85'l:. of those swveyed, 
with ho!ipita l·based ph)',;icians identified as the most likely 
users..14 

But do handheld devices deliver benefits to workflow and 
patient care promised by increased mobility? Existing 
systematic reviews covered the following: uses of hand· 
he ld devices and th eir potential roles in medicine;13

•
11

•
1a 

features and functionali ty o f handheld devlces;u ·16 cur· 
rent adoption rates and the primary hea lthcare users 
of these devices; 12.14 opinions about the benefits o f hand· 
held devicrs and barriers to their implementation o r 
adoption;'2.17 •19 and the perccived outcomes of handheld 
device use.12.. t a,t9 The reviews provide considerable evi· 
d ence rega rding uses of handheld devices for: adminis· 
trative support (e.g., billing and scheduling); professional 
activiHes (e.g., patien t t racking and .,Ject:ronic p rescrib. 
ing); documentation ; decision suppo rt (e.g., clinical and 
d rug refe rences); and education and research. Touted 
benefits o f these devices incl ude enhanced producti\•ity, 
improved information access, imp ro ved communicatio n, 
reduoed med ical errors, greater mobility, and improved 
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quality of patient care. Paradoxically, few reviewers have 
examined the extent to which mobile handheld devices 
produce improved outcomes and work practice efficien
cies because of the ir mo bility. 

The authors Wldertook a systematic review of evidence for 
the impact o f mobile handheld technology on hospital 
physicians' work practices and patient care. The focus went 
beyond suggestions or conclusions about Npot:entiaiN im
pacts of handheld devices to con<rntrate on quantification of 
the espoused virtues of mobile technologies.5 ·19 

Methods 
S(>arch S trategy 
We based our systematic review on estab lished Cochrane 
review principles"' and the Critical Appraisal Checklis t for 
Systematic Reviews of Health Informatics Evaluations 
(CASP).21 We conducted the literature search using multip le 
sean:h strategies to overcome problems associated with 
inadequate indexingll,l &.ll.ZI and to ensure a more exhaus
tive scope. :10.22-25 

To explore several databases, our initial search used the 
Medical Subject Heading (MeSH) Ncomputers, handheld " 
supplemented by keywords we identified as being synony· 
mous with handheld com puters. ln some databases, we 
rombined these keywords v.~th the M~H terms physicians, 
medical staff, or medicine. Table I, available as an online data 
supplement at http:/ /www~amia.org.. outlines the search 
strateg}', amdUC'II!d in January 2.()E_ We also searched by hand 
the referenoe lists from systematic review articles to identify 
additional relevant stud ies. 

I • 1.8J6 

~ 

Study Selection 
The MeSH search yielded 2,292 results. Figure I illustrates 
the selection process.. The keyword search generated 360 
results {Figure 2, available as an online data supp lement at 
http:/ / v..wv.•.jamia.org). Two reviewers (MP and AG) inde
pendently completed title and abstract reviews. In the ab
sence of an abstract, the full-text artide was reviewed .. 
Where study information was tmclear or addi tional infor
mation was necessary, we contacted the study authors. 

The combined search s trategies id entifi ed 88 fu ll- text 
a rticles, w hlc.h all three authors assessed. Any d isagree
ments were resolved by irrdep th discussion and subsequent 
consensus. Of the 88 articles, 13 met the criteria for inclusion 
(below); Figures 1 and 2 list reasons for exclusions. 

Inclusion Crflerla 
The analysis only included articles published between Jan
uary 2000 and Deoember 2007, available in full-text and in 
English. While we included experimental, evaluative, and 
observational s tudies, we excluded other study designs such 
as qua li tativ.,, beta ll!sting exercises, proof-ol-<nncept re
search, product descriptions, and usability studies (soft
ware- or hardware-oriented). We also excluded surveys of 
patient opinions, physician usage patterns, and physicians' 
im pressions regardjng ease of use. Due to the heterogeneous 
nature of the studies, formal meta-analysis was not possiblE!. 

Anal ys ls Framework 
We categorized the included studies based on themes from 
llates and Gawand.,2& regarding use of informa tion teclmol
ogy to support safe healthcare d elivery processes. We used 
these categories as a st ructured framework to present our 
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results.. The categories included u:se of handheld devices to 
facilitate: (I) rapid response by allowing physicians to identify 
patient needs, provide prompt intervention, and improve 
modes of communication; (2) medication errar prronrJion by 
provid ing physicians with point-of-care decision support 
with accessjbJe reference information and by eliminating 
illegibility and decreasing transcription errors; and (3) d!tta 
ma:Mg~mm! tmd aa:~bility by enabling physicians to access 
up-to-date patient infonna lion in electronic medical records 
at the point ol care, to assist w ith monitoring and documen
tation. 

We also assessed the impact of hand held devices o n hospital 
physicians' work practices in tenns of changes in: who 
undertook an activity; wlmt was done or wlwl resources were 
used in the activity; wht?r the acti\~ty happened; wllert the 
activity was performed; and how the activity was realized. 
These were derived from levels of activity (objectives), levels 
of action (results) and levels of operation (conditions) out
lined by Bardram.v One author (MP) classified the find ings 
in accordance w ith the analysis framework and the other 
two authors validated this. 

Results 
The thirteen included studies were published betv.·""" 2000 
and 2006, with the largest number originating from the 
United States (n = 6) and the rcma ining (n = 7) from the UK, 
Australia, Canada, Denmark, F"mland, Germany. and Hong 
Kong. The handheld devices used within the studies were 
aU identified as PDAs. Study methodologies includ ed ran
domized cxmtrolled trials (RCfs) (n = 2) and observational 
studies (n = 11). Five oi the thirteen were pilot s tudies a.nd 
only one involved more than one study site. Most studies 
measured the impact of the inte rvention either immediately 
after implcmeniB tion (i.e., within 2 mo) (n = 5) or over I after 
a longer period (i.e., grea ter than 6 mo) (rr = 5). Only one of 
the studies stated specifically where within the study s ite 
physicians used the handheld device, and four cxmcluded 
tha t the mobility of the device had an impact on the study 
OUt.aHJlCS. 

Handhe.ld Devices Fadlltatlng Rapid Respoll5l! 
Four s tudies eva luated handheld devices that aimed to 
facilitate physicians' responses to clinical situations in a 
timely manner (see Table 2, available as an online data 
su pplement at http://www.jamia.org). O f the four, 
three"' -JO studies examined provision of prompt treatment, 
and one'l1 examinro the enhancement of interprofessional 
communication. 

Prompl Trealmfllt 
Three emergency medici"" studies211

-30 involved the wire
less transmission of investigatory images [electrocardio
graphs (ECGs) or computer i:zOO tomography (Cf) scans[ to 
physicians' hand held devices to promote faster treatment 
through earlier noti.fication, assessment, and interpretation. 
Adams et aJ.ZB and Clemmensen et aL'" investigated wire
less transmission of prehaspital ECGs to a cardiologist's 
PDA to enable improved door-to-treatment times. Adams et 
al.28 compared 17 months of p reintcrvcntion data, during 
w hich 48 patients with acute coronary occlusion were trans-
ported to the study site by emergency medical services, "~th 
24 months of intervention data, during w hich 24 patients 
with s uccessful prehaspital ECG transmission were trans--

ported by emergency medical sef\~ces. In the intervention 
phase, prchaspital ECGs were transmitted to a desktop 
compute r located at the s tudy s ite. This allowed the Emer
gency Department (ED) nurses to w irclcssly forward the 
ECG images to a cardiologist's PDA. ln nineteen cases, 
p rehospita l transmission of ECGs failed, thus this. group was 
used as concurrent controls alongside the 101 pa tients "' ho 
self-transported to the ED during the intervention phase. 
The study find ings demonstrated a significantly shorter 
median door-to-reperfusion time with stJCCcssful ECG trans
mission (50 min) compared with: the preintervcntion time 
(101 min) (p < O.txXll); those w ho self-transported (96 min) 
(p < 0.0001); and those with fa iled transmission (78 min) 
(p < 0.0001). 

Similar findings were ident ified by Clemmensen et al.20 who 
reported 15 months of da ta, during w hich 408 prehospital 
ECGs were transmitted to a desktop computer at the study 
s ite and simultaneously to a cardiologist's PDA. The cardi
ologist subsequently notified ambulance pe~nnel as to 
w hether the patient needed to be transported to a noninva
s ive hosp ital (295 patients) or redirected to a hospital with 
invasive facilities for p rimary percutaneous mronary inter
vention (pPCl) (113 patients). Results showed that redi
rected pa tients (pPCI) took significantly longer to arrive at 
their d esignated hospital than non-PCl patients [mean time 
of 17 min compared with 10 min (p = 0.005)1. However, 
there was a substantial reduction o f 54 minutes in door-to
treatment times for pPCI patients compared w ith historical 
controls32 [average time of 40 min compared with 94 min 
(p < 0.01)[. 

Rcponen et al.30 explored data accuracy achievable on 
handheld technology by assessing CT image quality. They 
ra ted the suitability for d iagnos:is oftwenty~ne CT scans on 
a PIJA by comparing these reports to reference reports based 
on the original films. During the study, CT images were 
stored on a t~leradiology server from which physicians 
could download images to a handheld device. The process 
a\·eraged 90 seconds per image. I mage quality was rated as 
suitable for diagnosis in aU cases. Report compatibility 
showed good agreement with e ighteen (86%) handheld 
image reports identical to the reference reports. Three cases 
had minor d ifferences, w hich were of no clinical importance, 
w hile in one case an additional diagnosis was noted via the 
handheld images that had not been d orumented in the 
reference reports. 

Although all three s tOO.ies21!....JO demonstrated positive find
ings using handheld devices, none explicitly discussed the 
impact that the mobility of the device had on the study 
outcomes. For examp le, s imilar results may have been 
de rived from the transfer of data to fixed e<>mpute rs. The 
impact of hand.held devices in these studies focused on wire11 
investigatory images were accessible by the p hysician, and 
/row these images e<>uld be accessed.. The studies did not 
examine how well mobile d evices facilitated easier and more 
frequent access to information from different work locations. 

Comnrrmirntion 
A.z.iz et al? 1 examined the use of handheld devices to 
facilitate interprof<SSional communication. Eight hospital
based physicians received, on a lternate weeks d uring the 6 
week study period, either a PDA with mobile phone func-
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tionalil)', or alternatively, a com·entional pager. The study 
compared communication efficiency by measuring call re
sponse times for eadt device for random calls initiated by 
the researchers. After a &-minu tc response interval, it was 
oons:idered that physicians had failed to respond. The aver
age response times were lower, and faHu res to respond 
occurred less often, using the PDA compared with the 
pager. The a uthors suggested that the PDA's mobile phone 
function can improve upon pager\5, w hkh require physi
cians to locate a phone to return a calL As such, the mobility 
of the handheld de\-;cc d irectly impacted on physician work 
practices, specifically u¥rm a physician is able to respond to 
a calL 

Handheld Devlc1!s Fad Utatfng Medication Error 
Pn!ventlon 
Five studies e\<aluated how handheld de\~ces could a llow 
hospital-based physicians to prescribe medica Dons more 
safely and effectivl.'ly (see Table3, available as an online data 
su pplement at http:/ / www.jamia.o rg). Three of the fi~ 
assessed the impact of handheld decision su pport on pre
scribing practices, w hile two36,37 examined use of handhd ds 
for genera ting medication lists and p rescriptions.. 

Decision S!}fport 
Berner e t aL,33 Rudkin et aL, and Sintchl!l\ko et aL 35 

rond UICtcd studies where the use of a decision support 
system (DSS), via a PDA, was designed to improve pat ient 
management by reducing unsafe or unnecessary p rescrib
ing. ln all three studies, the hand held device primarily 
served as an informa tion and decision support resouroe for 
use at the physicians' discretion. Subjects carried out docu
mentation and prescribing separate ly. Berner et al.33 evalu
ated the effectiveness of a DSS on the prescribing safety of 
nonsteroidal anti-inflammatory d rugs (NSAJDs). They con
ducted an RCT with 31 ph}'-sicians assigned to the interven
tion arm and 28 to the control arm. AU physicians were 
given an author-developed, PDA-based DSS, ~~th the inter
vention group receiviDg an additional NSAID-rela ted risk 
assessment with real-time treatment rerommendations.. 
Standardized patients, trained to portray clinical conditions 
that could result in adverse outcomes with inappropriate 
NSAID prescription, presented to each partid pant at least 
on<P during 6-month baseline data collection, and once 
du ring 8 month fo llow-up. Safe and unsafe p rescribing and 
documentation of key risk factors were detenm ined through 
chart revie>v by two clinicians blinded to participant group 
assignrnl!l\t. At baseline, unsafe p rescribing was similar for 
the interv ention and control groups !mean proportion of 
unsafe prescribing cases per physician 027 and 0.29 respec
tively (p > O.ffi)l. The intervention rule significantly affected 
error rates [0.23 in the intervention group compared with 
0.45 (p < 0.16)1. However, this was attributed to perfor
mance degradation in the e<>ntrol group, rather than a 
substantial improveml!l\t in the intervention group, whose 
performance remained relatively constant. The authors 00. 
served a s ignificant association between obtaining 'key risk 
factors and safe prescribing. Intervention physicians w ho 
obtained this information p rovided no unsafe prescriptions.. 

Rudkin ct al.34 conducted a time-motion study that assessed 
physicians' accesses to resources and ra tes of change in 
patient management. Thirty physicians were observed on 
two occasions--once while using e lectronic resources via a 

PDA and once w hile using paper text resources. Physicians 
acoessed electronk resotlrC'I!S (n = 18 l) more often than 
paper resources (rr = 131) (O R 1.99; Cl 1.41- 2..80), w ith 
s imilar a\•erage access times (9.3 and 9.4 sees respectively). 
Access limEs only reOected the time it took for physicians to 
find the necessary information within the relevant resource; 
time required to locate and obtai n paper resources was not 
rttorded.. Olanges in patient management were signifi· 
cantly higher us.ing electronic resources [29.S'Yv compared 
w ith 17.6% (OR 2.00; Cl1.1 l-3.60)L particula rly for changes 
in drug type [21.5% compared with 13.0'X. (OR 1.84; Cl 
0.95-3.59)[. This result may reOect differences in information 
content available electronically versus in paper resources, 
such as d rug interaction information, which was not avail
able in paper format. 

Sintchl!l\ko et al.35 assessed the impact of information acoes· 
sib le via a hand held dev-ice on patient management The 
authors conducted a 6 month prospective s tudy during 
w hich twelve physidans received PDAs loaded with locaUy 
developed guidelines and site-specific laboratory data. The 
ra te of antibiotic use and outcomes of patients in ICUs 
during the intervention period were compared with 6 
months of historical da ta, during which no computerized 
DSS was available. The findings showed that on average the 
DSS was used four times per day during the stud y period, 
p rimarily to access laboratory d ata. A significant decrease of 
a ntibiotics used occurred. The preintervention consumption 
ra te was 1,925 defined daily doses per 1,000 patient days, 
and decreased to 1/.1)6 in the intervention period (p = 0.04). 
The average patient length of stay decreased significantly 
during DSS use [6.22 bed days compared with 7.15 bed da}"S 
(p = O.Crl)l. Registrars had higher levcls of DSS tlSe rom
pared with consultants. Rudkin e t al.34 also noted a similar 
finding with less experienced physicians accessing informa· 
tion more frequently than their more senior colleagues. 

Among these st ud i.es,l3-35 handhelds affected hospita l phy· 
s:icians' work practices primarily throu gh zvhaJ information 
was accessible to them for informed decision making. 

Medicalioll Safrly 
Grasso et aJ.3& and Shannon et al.37 studied the impact of 
handheld devices on the electronic documentation of med
ications. Grasso et a l 36 compared error ra tes when nu rses 
transcribed physicians· handwritten medication orders with 
those occurring when physicians directly entered medica· 
tion orders into a PDA to generate patienl discharge medi
cations lists. The 110 hand transcribed lists and the 90 
eleclronically generated medication lists were retrospec
tively re\~ewed for errors by a pharmacist. The findin.gs 
showed significantly fe>'ler errors ~th the eleclronically 
generated discha rge lists (B'X.) co mpared with the hand 
transcribed Lists (22%) (p < 0.05). The errors identified in the 
handheld-genera ted lists a Ll involved erroneous exclusion of 
medications, w hile transcription e rrors were elimina ted. 

Medication error reduction, such as eliminat ing illegibility, 
was the impetus for a study by Shannon e t al.37 The authors 
a ttempted to increase electronic prescribing among nine 
emergency physicians by giving them handheld devices that 
co uld aca!SS the hospital's clinical information system. Dur
ing the 3 month preintervention phase, handwritten and 
fixed com puter prescribing were a\<ailable. In the 1-week 
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inteJVention period the additional melhod of prescribing via 
a handheld di!Vice was made available. The researchers 
hypothesiz.ed that leaving the patient' s bedside to access a 
fixed computer and ente r a prescription was inconvenient 
and thus hindered electronic prescribing. Seventy-eight pro
intervention prescriptions and 89 in tervention prescriptions 
were revie>ved. Introduction of handhelds significantly in
creased the average ra te of electronic prescribing ( 64~ 
intervent ion prescriptions v. 52~ preintervmtian (p = 
0.03)]. Half of the e lectronic prescriptions generated d uring 
the inteiVention period came from handheld deo.~ces, and 
hall from the fixed computer. The study found a high degree 
of variability among individual physicians in the rate of 
electronic prcsaibing. ranging from none to a ll. The authors 
found that. rather than a prefeTEilCE lor handwriting predict
ing handheld use, a p rior preference for electronic prescrib
ing via the fixed compu ter predicted subsequent handhe ld 
prescribing. 

The Grasso et a l.36 and Shannon et al.3 7 studies showed 
positive effects for use of handheld di!Viocs, with the impact 
of the handheld drnres on hospital physicians· work pra!O
tices focusing on !row medications could be documented or 
prescribed to prevent errors and who performs these tasb. 

Handhel d Devices Fadlltating Data Management 
and Accesslbllity 
Fou r studies evaluated how handheld devices could fad li
tale hospital-based physicians in improving documentation 
of, and act:ffiSibili ty to, patient data during daily clinical 
rou tines (see Table 4, available as an online data supplement 
at http:/ / www.jamia.org). Stengel et a I.} " Carroll et aL,39 

Chan et al ."" and VanDenKerkhof et al •1 conducted studies 
in inpatient settings that compared standard paper docu
mentation w ith electronic dorumentation via a handheld 
device. Two of the studies"".:>O investigated the impact of 
handheld deviCES on the quality of pat ient data documenta
tion, while two"""' assessed the use of handheld di!Viocs for 
managing patient information. 

Documelltation and IuformRiioll Acct'ss 
Stengel et al.38 cond ucted an RCT to determine whether 
handheld di!Vices could bene6dally impact the quant ity and 
quality of documentation and coding of patient diagnoses.. 
During the study, fou r physicians performed either convm
tional paper documcnta tion or e lectronic documentation via 
a PDA for patients' history, clinical findings and treatments.. 
Documented diagnoses wer-e translated into standardized 
codes, manually for paper documentation but automated 
with electronic documentation. Thirty-nine patients were 
randomiz.ed to conventional paper documentat ion, and 38 to 
electronic documentation. Documentation via the hand held 
device rerorded significan tly more d ia.gnosci per patient 
(median diagnoses = 9) compated with paper documenta
tion (median = 4) (p < 0.0001). However, the rate of false or 
redundant codes was also higher with handhelds (1 1.7 vs. 
4.5%). The findings remained significant even afte r the false 
codes were removed (p < 0.0001). Documentation quality 
was ra ted based on: regularly performed da ta entry; detailed 
depiction of clinical findings; and correct assessmmt of 
patients' progress and translat ion into standardized codes. 
The handheld device was rated as significantly better than 
conventional paper documentation on a ll aspects of data 
quality (respectively p = 0.004; p = 0.0045; and p = 0.0026). 

Carroll et al.39 conducted a before and after trial in a 
neonatal intensive care unit to determine whether a hand
held-based patient record and charting system could reduce 
the prevalence of documentation d iscrepancies in daily 
progress notes. The authors analyzed 339 paper progress 
notes and 432 handheld-generated progress notes. They 
examined information about patients· weights. medications 
and vascular lines. A documentation discrepancy oa:urred 
when the informa tion documented on the progress note did 
not match the informati<Ht noted in the nursing ftow sheet, 
assessment sheet or pharmacy medication administrat ion 
record. Documentation via the handheld deo.•ice resulied in 
significantly fewer documentation disc:repancies of patient 
weight (14.4'X. compared with 4.4% (OR 0.29; Cl 0. 15-0.56)]. 
Hmo.·""·er, there were no significant changes in the number 
of progress notes w ith medication discrepandes (27.7'){. 
compared with 17.1'Yu (OR 0.63; C l 0.35-1.13)] or vascular 
line d iscrepancies (33.6~ compared \vith 36.1 'X. (OR 1.11; 0 
0.66- 1.87)1. 
Chan e t al.40 and VanDenKcrkhof et al.41 assessed the use of 
handheld devices to document and aocess patient informa
tion du ring ward rounds in acute pain service settings. They 
compared duration of rounds pre- and post-implementat ion 
of electronic documentation. Chan et al. 00 pro,~ded one 
PDA for use among a clinical team. The device replaced the 
paper process, where physidans recorded demographic and 
clinical data on a form that was subsequently transcribed 
into a computer database. The PDA was synchronized daily 
w ith a fixed computer to transfer information to and from 
the database. The electronic da ta wllection forms includ ed 
prompts to ensu re a ll mandatory data were entered. Th.e 
study compared 60 paper documented visits to 68 electron
ically documentoo visits during a 3 month study period. No 
significant change occuned in the average durat ion of 
patient encounters 17.0 min lor handhdds, a>mpared with 
8.8 min for paper prooe:sses (p = 0.151)]. 

Un like Carroll et al.39 and Chan et al.,40 who compared 
structured paper forms with structured electronic forms, 
V anDenKerkhof et al. 4 1 assessed the use of structun!d pain 
assessment forms on a handheld de>~ce and wmparcd the 
enoounter time and the comprehensiveness o f the documenta
tion \vith the standard unstructured paper pTOCI!SS.. Through
out the 3 week study period one physician performed 100 
assessments on 44 patients using paper, where documenta
tion was completed outside the patients· rooms. A further 94 
assessments on 30 patients were performed using a PDA, 
d uring which documentation was comple ted at the patient's 
bedside. Completeness of documentation was assessed us
ing the frequency of recorded pain variables (characteriza
tion, location and d uration of pain) and the len most 
common medication side eff«ts. The median encounter 
tinle for each patient was significantly shorte r w ith hand
held d ocumentation ('11.7 sees, vs. 30 I sees for paper) (p < 
0.001). The frequency oJ documented side effects ranged 
from 5 to l!XI'l. for paper char ting and 98% to 100'Yu for 
recording via the handheld dmce. Pain variables were also 
more frequently documented via handhelds. The authors 
suggested that the difference in the comprehensiveness of 
the dOOJmenta tion might have occurred due to the locat ion 
of the rerording and the structure of the forms. 
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Although all four studiesl!! 41 demonstra ted positive find
ings using hand held devices for documentation duri.ng d aily 
clinical ro utines, only VanDenKerkhof e t al4 1 explicitly 
stated that the mobility of the hand hd d device contributed 
to the study outcomes. The impact of handheld d eo.,ices on 
hospital p hysicians' work p ractices in the VanDenKerkhof, 
et al'1 study focused on whe~ documentation of patient data 
were completed. Stengel et al}8 Carroll el aL, 39 and Chan et 
al.40 focused on how documentation could be performed to 
improve data quality. 

Technical FC!aturns of Handhi!Jd OC!vlcC!S 
DetaHs about handheld devices provided in the studies 
varied widely (see Table 5, available as an online data 
su pplement at http:/ / v.,vw.jamia.org). Reported device 
manufacturer.; included: Nokia (n = 2); Palm (n = 2); 
Handsp ring (rr = 1); Sony (rr = 1); Psion (n = 1); Compaq 
(n = 1); and Handera (n = 1). Seven studies used devices 
that ran on the Palm Operating System (Palm OS), while 
three reported using Windows Embedded Compact (Win
dm"" CE) syst'-'ITIS. Data transfer speeds shO\vcd substantial 
improvements over the 6-yea.r period, from 9600 bit/sec in 
2QOOlO to 2 MB/-= in 2006.37 

Study author.; developed the t<Sted handheld software (or 
modified existing software) in seven of the 13 studies.. The 
majority (rz = 8)of st udies documented tedmical diffkultics, 
includmg: failed transmissions (rz = 3); battery issues (tl = 
2); synchronizat ion problems (11 = 1); hospital network 
fa ilure (11 = 1); and device breakdmvn (n = 1). Touchscreen 
techniques (including stylus handw riting rorognition capa
bilities, onscreen keyboard, drop d own menus and ched:: 
boxes) were the only type o f data ent ry methods reported 
(n = 7). Some fonn of user training was provided in seven 
studies, including one stud? where participants were only 
pro\'ided with brief instructions on device use. 

Discussion 
The Impact of Mobile Handheld Technology 
on Hospital Physicians' Work PractlcC!S and 
Patll!.n t Cam 
This systematic review re\'eals that the handheld technology 
may be beneficial in supporting hospital physicians' work 
practices and patient care through facilitation of (a) rapid 
response, (b) medica tion error pre~.·cntion, and (c) data 
management and acmssibili ty. Many of the benefi ts re
ported c<>uld also occur when desktop workstations are 
available. 

In the area of rapid response, over ha If of the studies were 
cond ucted in emergency or critical care settings, where time 
delays can constrain treatment options and impact on pa
tients' d!ances of rorovery or even sun~vaL27A2 The studies 
showed that w ireless transmission of investigatory patient 
data to the relevant physicians' handheld devi<P was feasi
bl.e for diagnosisJD and could expedite treatment by allowing 
earlier notification, resource preparation and mobilization of 
staff.2S,2'> Simila r efficiency gains may be realized through 
the faciHtation o f interprofcssional oomm unica tion using 
hand held devices. The mobile phone functionality and mul
tidirectional nature of PDAs overcame limitations of pag
er.;.31 Given the mobile and collaborative nature of medical 

work,""l-45 PDAs can help to improve accessibility to 
coworkers31 and thus a>ordma tio.n of patient care. 

The literature also showed improvements in patient man
agement d ecisions through the use o f eleclronic resources on 
handheld dl!\~ccs. Physicians accessed electronic resources 
more often than paper resources, possibly because physi
cians arc limited in the types of paper resourocs they can 
feasibly carry.l3,34 A handheld dl!\~ce offers greater porta
bility and provides a greate r srope of up-to-da te informa
tion, inc! uding drug interaction inform.a tion, that may be 
more rapidly accessed from any location. ll-t5,:13.34 Thus, by 
providing infonnation and decision s upport access at the 
point~f-need, w hich suppor ts infonned treatment dcci
sions,D-3' improved patient outcomes may be achieved.35 

The findings also indicated that medication error prcvention 
cou ld be facilitated by addressing problems of drug order 
illegibility and error.; in transcription. 3U7 Direct input of 
medications onto a handheld device reduced errors in 
medication documentation and eliminated transaiption er
ror.;.l0,37 Although similar results could be achieved 
through the di rect input of med ications onto a fixed 
comp uter th ey are generaUy no t located near the patient's 
beds ide. Researd!ers suggest that the inconveniena! of leav
ing the bedside to locate an available rom puter hinders a 
physician's decision to use direct input via a desktop com
pu ter_5.l&..37 Howl!\·er, ·when pro,.ided with a choice of inp ut 
method--paper. fixed computer, or handheld dcvice----<;OJJJ.e 
physicians preferred to use a fixed desktop computer lo
cated away from the patients bedside rather than using a 
handheld dl!\'iCC at the point of care.3U7 Evidence showing 
that entering data onto a PDA via a stylus is slower, more 
erroneous and less satisfadDJ)' for user.; than entering da ta 
via a QWERTY keyboard46 may explain t his preference. 

1onetheless, i.n the area of data management and aocessi
bilit)•, the evidence showed the use of hand held devices to 
be at least as effective and efficient as paper prooesses.ll< ., 
The studies demonstrated improvements in doruiTI£Iltat ion 
quality with an increased recording of dia~ and a 
reduction in documentation discrepancies.» As most patient 
information is obtained at the bedsid.!'..s.n.o provid ing 
physicians "~th devices that allow data entry a t the point of 
care can promote more comple te dorumentation•1 and de
crease the length of patient encounters. «t.A1 Th.ese findmgs 
a re impor tant given that decision-making may be compro
mised not only by incorrect data, but also data not entered in 
a timely fashion. 5 Therefore, having portable. romplete, 
accurate and up-to-date patient Sp<'Cific information could 
facilitate more complete, aa:urate and timely patient man
agcmcnt..a.<9 

Ability of Handheld Devlc~.s to Support Mobile 
Work Practices 
In 2003, Fischer et aL 1& sought to raise physician awareness of 
handheld computers in medicine, but also noted the lac.k of 
substantial evidence about the use o f these devices and their 
impact on health care ddivery.16 The continu ing paucity of 
evidence in this area was identified in three subsequent 
reviews.12.SO.Sl The current review is the first to focus on 
evidence of t he role of handheld devices in supporting the 
mobile work practices of hospital physicians. We identified 
only four of 13 studies where the role of devi<P mobili ty was 
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F i ~ U r e 3. Key areas of handheld te.dmology impact as 
they rt>late to issues of mobility in the clinical workplace. 

directly mmmented upon by researchers. Thus, we adopted 
a broad analysis framework to carefully examine and iden
tify oontextual factors (either implicit or explicit) impacting 
on physician mobile work practices that can improve under
standing of the areas that mobile technology affects.= We 
used the definition of Badram et al.3 of mobility as the "work 
needed to achie\·e the right configura tion of people, re
sources, knowledge and place" as a p rism through which to 
examine and identify domains of physician work mobility 
(ie., what is being done, w hen is it occurring, how is it being 
done and where is it happening). 

Hospitals are m mplex a nd busy places involving constant 
shifts and movement of people and things (resources, infor
mation) that are distributed within di fferent areas a t differ
ent times for diverse requirements? Figure 3 illustrates the 
intercollll£dodness of these factors, recognized as important 
to clinical wodflow,54 and identifies their relationship "~th 
key themes uncovered in this review. The studies that 
focused on prompt treatment of pat ients M thin the ED, 
addr essed issues related to the impact of handheld technol
ogy an the timing or a\•ailability (wlrn1) of accessible images 
with a mrresponding focus on the available rt>SOurces (l1aw) 
tha t allowed these images to be accessible.211

..:>0 The Aziz et 
al.31 study, w hich ooncentra ted on the use of PDAs to 
accentuate intcrprofESsional communication, dealt "~th is
sues related to the a\'ailability (wl!om) of a given resource. 
Conversely, decision support facets of handheld technology 
primar ily addressed issues rcla ted to the accessibility of 
know·ledge (what) resowcei':J-,J!; and medication safety ele
ments were related to medication documentation processes 
(IJCRD) and rt>SpOOsibility (wlao).3&.37 The studies that ad
dressed data management focused either on issues related to 
the location (wl18r) documentation occurred' ' or the method 
Q,,.,) of documentatian.311 41 Using this fraJ:J:~eYo·ork it is 
interesting (and somewhat ironic.) that only one of the 
included studies4 1 expressly observed wl~nt handheld de
vice usc occurred and addressed the subsequent impact the 
location had on the study outromes.. 

Although many studies a lluded to the mobility of the 
handheld de\~ce for Mpoint-of<are",Jl,J'J "bodside•,l4.37 or 
Njust in ti:me"35 use, 11o1Mle of these stud ies spa:ifically 
measured whether the d evices were used in this manner. 

The extent to which handheld devices suppor t mobile work 
processes was often not clearly portrayed. Many studies also 
failed to distinguish the benefi ts of prm•iding physicians 
with a mobile handheld de\oice m•er a desktop computer 
platform, with less than one third of studies exp licitly 
stating that the mobj)jty of the handheld devi.re aontributed 
to the study outcomes. Sintchenlw et a l.35 adequa tely sw:n
mariZ€' the shortmmings of many stud ies on handheld 
devices w hen refe rring to their own inability Nto identify the 
spa:ific rontributions of using a handheld platform over Ia I 
fixed platform to the study results.. N 

The Status of Handheld Devices Ln CUnlcal 
Practice 
Handheld devices possess the advantages of being porta~ 
ble12 and allowing aa:css to informat ion anywhere and at 
any t ime.11 But does this mobility of information and 
resou rces lead to improved o utoomes, and if so when and in 
what amtext? The a \'ai.lable evidence suggests that mobile 
handheld devices demonstra te the greatest benefits in con
texts where time is a critica l factor and a rap id response is 
crucial, for exam ple preha;pital notification o f "Vital patient 
data. Z11.2!1 They are also beneficial in mnnecting spatia ll)' 
d istributed coworkers.. Health care work is highly intercon
nected and health care pracm ioners are d~ndent on their 
coworkers skills, knowledge, and expertise. Thus, improv
ing communication with and accessibility to coworkers 
a llows physicians to deliver· «faster, more efficient patient 
careu31 w ith potential benefits to pa tient outoomes_ 

Mobile ha.ndheld devices are also effecti\oe for overmming 
d ifficulties created by inadequate numbers of available of 
fixed d esktop oomputcrs. Fixed computers provide access to 
electronic. information systems but, due to the hig hl)• mobile 
nature of hospital work. physicians are limited in their 
abili ty to regula rly check information only available on fixed 
computers. Electronic messages or decisjon sup port alerts 
will be ineffective if physicians do not receive them. 54 

Additionally, fixed computers located away from patients' 
bedsides may result in workflow interruptions, 54 additional 
work such as duplica te documentation (first on p aper then 
on the computer)411.54 or less oom prehensivc data collec
tion.. •1 Mobile handheld de\~ces potentially provid e a solu
tion a [lowing both di rt'CI input and \~ewing of d ata at the 
point of care, increasing the opportunities for physicians to 
gain value from electronic information systems. However, 
as this re>~ew has demonstrated, there is little e\•idence to 
confirm that mobile deviocs Mll be used at this locati.on and 
in the ways expected. A recent observational srudy of 
physicians' use of table t computers during ward rounds 
demonstra ted that while the table t computers provided the 
ability to access and document information at a patient's 
bedside, ph_y:sicians chose to mmplete mast computer tasks 
on the tablet in the corridor of the ward. 55 Such resu lts 
challenge assumptions about how physicians M ll use mo
bile technologies in situ. 

Mobile handheld devices have some limitations. Their 
smaller screens a re designed for individual use5<..57 which 
can make oollaboration difficult'·11 and they present chal
lenges in easily viewing and entering data . .U.SS The limita
tions and potentially error-inducing features of compu ter 
screens, w hich may include limiting a full overview of 
patient information, or hiding important information behind 
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menus,"" w ill be exacerbated on a PDA screen. Nonetheless, 
available evidence suggests t hat handheld devices have 
some advantages over both paper and fixed computers in 
su pporting physician hospital work practice in s ituations 
when: rapid information exchange is required and will 
influm"" patient care decisions; w here physicians are un
dertaking IUghly mobile work which reduces their ability to 
spend periods in a fixed place where they can access 
electronic resources via fixed computers; and where data 
entry or access is required a t the point of care and that the 
absence of these capabilities w;]] reduce the efficiency or 
effectiveness of care d elivery. 

Mobile technology is still an emerging and rapidly develop
ing area of study.12 Existing literature has a tendency to 
view lhe mobility of any device as inherently beneficial 
w ithout clear evidence demonstrating how, why or in what 
circumstana!S this mobility provides va lue. What is requ ired 
is a more e"l<idence-based approach to lhe use and evaluation 
of mobile tedmologies to und erstand if, and w hen, they are 
useful in supporting clinical practice and improvements in 
care delivery. The framework that we used to examine and 
identify domains of physician work mobility provides a 
useful lens by w hich to assess the role of mobile technology 
in supporting improved health care d elivery and under
standing wha t w ill work. for whom, where, and in w hat 
circumstances.'"' The results from this review contribute to 
providing a foundation upon w hidt to refocus future studies 
of mobile technologies. 

Those seeking to implement mobile handheld tedmologies 
in a hospital setting should conside r questions of why and 
how the mobile device is expected to improve care delivery 
because of its core Nmobility" asseL Further, how handheld 
devices might a>mpare with other mobile devices, sud! as 
laptops or computers on wheels, should be ronsidered. It is 
likely that securing the integration of the Nright" combina
tion of mobile, fixed and paper information sources is 

required to achieve the best outcomes for both health care 
staff and their patients.~A11 .A7 This requires unders tanding 
and aclc:nowledging both the advantages and disadvantages 
of various technologies, how they are used in mal-work 
clinical situations, and the contextual factors wiUch deter
mine their use. 

Tl!chnJcal Fl!atu.ll!S of Handhi!ld OI!VICI!.S 

The outcomes associated with the imp lementation of !CT 
systems within the ron text of one institution may not always 
be applicable to another healthcare setting.5 To ad dress 
such issues studies assessing !CT systems should a im to 
dea rly describe the IT artifact being evaluated.60 The level 
of detail regarding the handhe ld devices used within the 
included studies varied considerably. Information regarding 
intended and actual use, functiona lity, and infrastructure 
was limited across the studies, however mast provided 
software and hardware details, and information about the 
number of users, the;r experiene2 a.nd tra lning. The benefits 
of handheld devices to hospital physicians will be influ
enced by the extent to w iUch they are stand a lone, connected 
to the Internet or to the hospital's electronic information 
systems.. Few studies in the review revealed such de tails, bu t 
such information is important to allow romparisons of the 
impact of different devices or features. 

Um.ltatlons 
Despite a comprehensive search only a limited number of 
qua ntitative arti.des wiUch investigated the impact of hand
held deviCES on hospital physicians' work practices and 
patient care were identified. We sought to include tablet 
computers in the re\•iew but found no studies investigating 
this mobile handheld technology !hat met lhe review crite
ria, further demonstrating the dearth o f research on this 
topic. We did not exclude articles based on an assessment of 
their quality and thus the limitations associated with the 
literature i.nduded in this review may impede the conclu
s:ions drawn . The heterogeneity of the outcome measures 
assessed within the i.nduded literature made synthesis dif
ficult and precluded the use of meta-analysis techniques. 
Despite the rapidly evolving nature o f handheld technology 
the centra l themes identified in this review, in particular lhe 
need to more specifically address how any new handheld 
devi.ce actually de livers upon its goal of supporting mobile 
health care work, remain cur rent. 

Conclusions 
This review identified evidence about the ability of mobile 
handheld technology to positively impact rapid response, 
error prevention, information acx:essibility, and data mao
ageml!flt in healthcare settings. The study findings support 
claims of the potential beneficial impact of this tedlnology 
on aspects of healthcare de livery. However, the extent to 
wiUch handheld devices provide benefits d ue to their mo
bility has been significantly underinvestigated_ The mobility 
framework applied in this review is grounded in the rea li t}' 
of everyday clinical practice where people are im•olved i.n 
the constant pursuit of achieving the optimal mix of indi
viduals, resourocs, and knowledge, a t the desired time.2 We 
believe this frame\rork provides a useful lens by w!Udl to 
assess the role of hand held device use in supporting im· 
p roved healthcare delivery and better patient outcomes. 
Prior to widespread adoption of mobile technologies in 
hospitals, irnplementers and adopters should address ex
p licit questions aboul why and how the mobility of these 
dC\' i.ccs is expccted to improve ca re delivery. Pilot observa
tional studies should test assumptions about how mobile 
technologies ·will be used in practice to support the work of 
p hysicians. 
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Appendix A.2. Referred Conference Poster 

Selecting Clinical Computing Hardware Dedces for Hospital Wants: 
The Role of IT Yendor.s 

1\lir~Ja Prgom~t, Joann~ C aD.en, J ohanna "·~stbt·ook 

Hrolrh lllfomltitic:s IWs:arc-h muJ Ewrlnation UniJ. Farult;v qfHrolrh Sciences. Th·e Unil'O'sily QjSydmzy. AusJralia 

.-\bslr act :md Obj~din 

11u;n il limited enitimrce tnYrilnbla to ilifornr docision making 
prOl'&Sl'.S for selecting cliPJical computing hardware d.nict1S 
fi»· ilflplementatitm oPJ hospital wartk We rmdurook a szwzy 
to d~li:nnm6 rhe role qf IT •nllion ilr this d«ision making 
Jli'Ol'&S a11d to asc-i!Tlain tlJBfactors that \:'fmdon deBm inrpor
lll1ll to coruider in rhe selection qf con~puting d~ioo.s. lma
liews wsril ctmdr.rct<d wiJh n.-en'B vaidors who prrnide hard
"""" mrdlor sqfru:ore products to ho.spirals. llum, ·i£1•s W61>l 

recorried muJ rh6 rrmut'ripu were ana(y:ed by codiPJg qf .l:ey 
coPJoopu. 11w resulrs highbgllt the PJecd to assess ilifomllltiOJI 
about a PJUifrber qf teclmolog;)\ worlrflow a11d emv·otl111£1tlal 
factors.. The sru$ prll'lides a basis for d6'1-doping a fr(JJJI£,
work to assist decisitm mo.lren ;, idartffiiPJg the itkal d~ice:; 

co adequate(.v suppon clinical work pracn·a:.s.. 

Key..-<Jrlh: 

CoiDplliers, CC>lllpUtu sysle=, Decision making, Hospitals 

Introduction 

f taml!\\~rks to guide decis1ons in ~ecting COlilpCiting hud
"-are de\ ice,; are largely ab:;mr from the litentm-e. This fun
damental gap in eYiclence may pose significant clullenges for 
deruion maker.; and implemmteJs of COlilpCiting de\ice<i. As 
part of a larger study, ex:amining tbJ> perspectn-es of \-arious 
groups involved in hardware ~eclion decision making proc
e:;se:;, ibis study takes the fir.;t step in oontn~ to such a 
framework by el<>lllining IT vendor per.;pedi•-es. 

:\t~thod~ 

Semi-structured inten-iew.; Wel"e coodncted with 1\\"el\1! \ lffi· 

dors, from ele\-en IT companie:;, in Au,.,"USt 2009, during a 
n.moii<ll informa.lics conference whe-e \ -enders, who prm;de 
tl!chnoloEies to the Auslralian and (m most cases) intana.
lioii<ll he-alth sectmc., sh:owcased their products. All \-end= 
l\M were approached agreed to p;utiapare in ftle study. lnler
\-iew.; wen l:r.liJscn"bed and illlalysed independently by two 
re<;earcher!i (MP and JC). Tbe study was appro\-ed by the Uni
\-ersity of Sydney Ethics Cmmni.ttee and the conference coor
dina.tm. 

Rt>~ult~ 

V end.ors described lhe.ir roll! in decision making p1"'Ci!5SE!S a.s a 
coll51llt:int; or adt-is01y role. Whi!n selecting computing de
vices for hcY.;pital wards ,-endcn~ pem!i•-ed it i.mpomn! to con
Sider a nmnber of leclmology, woddlow, and em-iromnental 
factors. 

Techno!ogy fa~ included: infia...-nudm-e capabilities; exist
ing devices; de\ice dw-acteristics (e.g, ~. baltery 
life, wn-e!ess C3pabililies ek.); and software apphcatiom (e.g. 
b-a.c5ruabilily of the application onto =ller sc-een size5). 

In e...-a!uating U'orldlow, factors influencing device selection 
included: the u:;er' s role; type of task5 usen undertake; ll!\·el 
o f i.n.fotma.tion users need to attessfcaptw-e.; l.oc:allon where 
users need to acce;slcaplw1!: infonnation; .md me- prefer
ences.. 

Tbe envirolllDI!!lW factors included: the type of ward; 
spa.ce.Jward configm-ation; le\-els of COilCiliTenC'Y (i.e. the num
ber of u=s who will be operat:int; the a.-aila.ble device$ at 
co11C1lJrelll times); and clinician buy-in. 

ConcJusion 

The comp!e.--city of decision makin,g J>Rl<"=es in selecting 
computing de\i.ces I!II!Ces.situes the need for a framel\-ork to 
inform such decisions. By el<AI~lining the techno!ogy, 
workflow and environmental altnlrutes o f a ward, decision 
makers can wm-e clearly idenrify de\ices to adequately sup

port clinical work practice5. Tbe;e factors <ll"e importmt to 
ensure that the right de\ ~ce is ;n'aibble to the right person, to 
support the task they are eooducting, in the location lha.t it is 
needed [1] .. 
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Appendix B. Participant Information Statements and 

Consent Forms 

Appendix B.1. Device Selection Study: Participant Information Statement 

and Consent Form  

The device selection study participant information statement and consent form was 

provided to all potential participants that were approached to take part in the first stage 

of the research.   

Appendix B.2. Mobile Devices and Work Study: Participant Information 

Statement and Consent Form  

The mobile devices and work study participant information statement and consent form 

was provided to all potential participants that were approached to take part in the 

second stage of the research.   
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Appendix B.1. Device Selection Study: Participant Information Statement and 

Consent Form 

* The University of Sydney 

AAW IS111 SU~ 

Professor Johanna " ·estbt-ook PltD Syd 
Dir«ror 

Hl.'alth Inform atics RI.'SI.'ru·ch and 
EYaluatiou l:nit 

RoomMJOJ 
Filc:ulty ofHa'th Scii!I:Ce; 

JlO Box 170. Udcambe N~' I 825 
AUSlll..U.IA 
Telephor.e: -61 2 9351 9677 
Facsimil e:+61 2 9351 9676 
Emit LWestbtook@ll..-yd.eduz~ 
Web: a-ww11!s..usyd.ed'Iu·~1unn 

RESEARCH SfUDY INVESTIGATING HOW CLINICAL COMPUTING 
DEVICE SELECTION DECISIONS ARE :MADE 

INFOJU..IATION FOR PARTICIPANTS 

Introduction 
You are invited to take part in a research study investigating how clinical computing device 
selection decisions are made. The aim of this study is to identify h ow decisions are made about 
the type and mix of fixed and mobile clinical computing devices for use on hospital Will'ds. By 
fixed computing devices we mean stationary computers at central walk stations or at a 
patient's bedside. Mobile compu ting devices include personal digital assistants (PDAs), tablet 
computers, laptops, or computers on wheels/ trolleys. The study is being conducted by Mire1a 
Prgomet, Research Studeru, and will form the basis for the degree of D octor of Philosophy at the 
University of Sydney unde.r the supervision of Professor Johanna Westbrook, Director, Health 
bifonnatics .Ri!seordt and Evaluation Unit. 

Procedures 
If you agree to participate in tllis study, you will be intenriewed regarding your role and 
experience with the clinical computing decision-making process. Intenriews will be scheduled 
for a time and place convenient for you. TI1e interview is expected to last approximately 20 
minutes. It will be audio taped to ensure accuracy, and later transcribed for analysis. The 
resean:her will suspend the intetview at any time you request. 

Risks and Benefits 
This study should not expose you to any foreseeable risks. Should you have any concerns 
please feel free to discuss tl1em with the researcl1er. We cannot guarantee that you will receive 
any direct benefits from this study. 

Costs 
Participation in this study will not cost you anything, nor will you be paid. 
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RESEARCH STUDY Ir\'VESTIGATING HOW CLINICAL COMPUTING DEYICE 
SELECTION DECISIONS ARE MADE 

Confidentiality 
If you consent to take part in this study, please be assured that any identifiable details will 
remain strictly confidential. Access to data will be limited to the research student involved in 
the collection process and the Ollef and Associate Investigators. All information collected will 
be de-identified. A report of this study may be submitted for publication, but individual 
participants will not be identifiable in such a report. All data will be stored in locked cabinets 
and on a password protected PC for a minimum of seven years and then disposed of by 
shredding or erasure. 

vVithdrawal from the stud)' 
Participation in this study is entirely voluntuy . You are in no way obliged to participate and -
if you do participate- you can withdraw at any time and request that data relating to you also 
be withdrawn. Whatever your decision you will not be disadvantaged or prejudiced in any 
way. 

Fmther Information 
When you have read this infOlllliltion, Mirela Prgomet will discuss it with you further and 
answer any questions you may have. If you would like to know more at any stage, please feel 
free to contact Professor Johanna Westbrook, on (02) 9351 9677. 

Any person with concerns or complaints about the conduct of a resecuch study can contact 
the Manager, Oftke of Ethics Administration, University of Sydney on (02) 8627 8175 
(Telephone); (02) 8627 8180 (Facsimile) or ~:briody@'usvd.edu.an (Email). 

T7tis infomwion slleel is for you r.o keep. 
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The University of Sydney 

AEN1521 1 51l~ 

Prof~~sor Job.:tnn~ W~stbrook PltD Syd 
Dir«tor 

Ht>alt.h Infol'maric~ Rt>st'ai·cb and 
EYaluatioo l.:nit 

RoomM303 
Fac.lltyofH...:ib Sdi!I!.C<>; 
!'0 Box 170, Lid.combe XSW 1815 
AUSTR..<UJI.>\ 
Telepl:ooo: +61 2 93>1 9677 
FiiC s imile: ~I 2935 I 9676 
Emllil: J.W~)"Cleduu 
Web: ,....,.._fh>.usyd.od'.u.u.1lfml 

RESEARCH STUDY INVESTIGATING HOW CLINICAL COMPUTING DEVICE 
SELECTION DECISIONS ARE MADE 

PARTICIPANT CONSENT FORM 

I, ...... .. ...... ... ....... .. .. . .... .. ... ... . .. .. .... ... ... . .. . .. ... .... ... .. ... .. . .. . ..... ... .. . [nan1e] 

have re.ad and understood the Infonnation for Participants for the above nan1ed study and give 

consent to my participation in the research project. 

In giving my consent I acknowledge that: 

• I have been made aware of the procedures involved in the study, including any 
knO\vn or expected inconvenience, risk, discomfort or potential side effect and of 
their inlplicatioru; as far as they are currently known by the researchers. 

• I have read the Participant Information Statement and have been given the 
opportuni.ty to discuss the information and my involvement in the project with the 
researcher. 

• I freely choose to participate in this study and understand that I can withdraw at any time. 

• I also llllderstand that the research study is strictly confidential. 

• I consent to the interview being audio taped and understand that I can stop the interview at 
any tin1e if I do not wish to continue. The audio taping will be erased and the infom1ation 
provided ·will not be included in the study. 

:'\3m~ (P1~:ts~ Print): ......... ............................... ........... .................... .......... ......................................... .............. . 

Sigll.3tu.~~= .... .......... ............ .............................. ... ....... ..... Dat~: ...................... ............... ............ ............. . 

Si g:u otu N : .... ........... ........... .......... ....... ................ ....... ..... D:~te : ..... .......... ...... . ...... . ..... .............. ......... .... . 

(ofpenott who comlucteJ infonnt'li consent Jiscussio") 
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Appendix B.2. Mobile Devices and Work Study: Participant Information Statement 

and Consent Form 

UNSW 

PARTICIPANT IN FORMATION SHEET AND CONSE NT FORM 

I nvita.tion 

IReseardl St udy on the Use and Impact o f Computing 
Dev ices o n W ork Practices 

You a re invited to participate in a research study into the use and impact of comput ing 
devices on clinical work practices. The study is being conducted by Mire la Prgomet, 
Re.search Student , and will form the basis for t he degree of Doctor of Philosophy at the 
University of New South Wales. The st udent is supervi.sed by Professor Johanna 
West:brook, Director, Centre for Health Systems and Safety Research .••••••••• 

Before you decide whether or not you wish to participate in t his study, it is important for 
you to understand why the resear·ch is being done and wh at it will involve. Please t ake the 
t ime to read t he fo llowing information carefully and discuss it with others if you wish. 

1. 'W hat is the purpose of th is study?' 
This study will focus on understanding how computing devices (e .g. desktop comput.ers, 
computers-on-wheels and/or mobile ·computers) a re used to support work practices. Data 
about how and when devic.es are used will be obtained through observations and brief 
interviews with participating cl inical st aff. 

2. 'Why have I been invited to participate in this study?' 
Yo u a re being asked to take part as a possible participant because you are a member of 
the dinical staff whose work may be impacted by t he use of computing devices. 

3. 'What if I don't want to t ake part in t his study, or if I want to withdraw late r?' 
Participation in t his study is voluntary. It is completely up to you whether or not you 
partidpate. If you decide not to participate, it will not affect your relat ionship with the 
researcher or the University of New South Wales. If you wish to withdraw from the study 
once it has st arted, you can do so at any t ime without having to give a reason. 
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4. 'What does this .study involve?' 
If you agree to participate in t his st udy, you will be asked to sign the Participa nt Consent 
Fonn. The researche r will obse rve your work activit ies for up to two hours at a given t ime, 
for a maximum total of t en hours, spread over a couple of weeks. The researcher will 
record your use of various comput ing devices for completing your work. Yo u may also be 
asked to participate in a brief int erview (approximately ten minutes) in orde r to further 
understand your comput ing device prefere nces. The interview \•Jill be audio taped, and 
lat er t ranscribed fo r analysis. 

5 . 'How is t his study being paid for?' 
The researcher is sponsored by a n Australian Postgraduate Award scholarship . 

6 . 'Are there risks to me in taking part in t his study?' 
The researcher acknowledges t hat you may feel uncomfortable having someone watch 
you closely as you work or interview you. The researche r will make every effort t o be 
unobtrusive and put you at ease. If you have any concerns please advise t he researcher. 

7 . 'What happens if I suffer injury -or c-omplications as a. resu lt of t he study?' 
Every reasonable precaution will be take n to ensure your safety during t he course of t he 
st udy. In t he unlikely event t hat you suffer any inj ury as a result of participating in t his 
research project, hospital care a nd t r-eatment \'lill be provided at no extra cost t o you. 

8 . 'Willi benefit from the study?' 
While we intend t hat this re search furthers knowledge, we cannot gua ra ntee t hat you \•Jill 
r-eceive a ny direct and immediate benefits from t his st udy. However, it is anticipated that 
t he results of t he project will improve our understanding of the ways t hat information 
t-echnology devices ca n be effectively int egrat ed into d inical work processes to support 
ca,re de livery. 

9. 'Will taking part in t his study cost me anything, and will I be paid? 
Participation in this study will not cost you anything, nor will you be paid. 

10. 'How will my confidentiality be protected?' 
Only Mire la Prgomet will know whet her or not you are participat ing in t his study. Any 
ide ntifia ble information t hat is co!leded about you in connection wit h t his st udy will 
r-ema in confidential. Only t he researcher na med above will have access to your details and 
results that will be held securely at t he University of New South Wales. 

11. 'What happens wit h t he results?' 
The results may be disseminated by reports and fe-ed back to participa nts, peer-reviewed 
journa ls, a nd seminars and conference presentat ions and proceedings. In a ny publicat ion, 
information will be provided in such a way t hat you cannot be ide nt ified. By signing the 
Consent Form, you are gjving pe nnis.sion for th is to be done . Results of t he study \'lill be 
provided to you, if you wish. 
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12. 'What should I do if I want to discuss t his study further before 11 decide?' 
Whe n you have read t his information, the researche r, Mirela Prgomet, will discuss it with 
you and any que ries you may have_ If you would like to know more at any stage, please do 
not hesitate to contact her at m.prgomet@unsw.edu.au o r <an 02 9385 8217. 

13 . 'Who should I contact if I ha.ve cone-ems about the conduct of this study?' 
This study has been approved by Hospital HREC. Any person with concerns or 
compla ints a bo ut the conduct of this st udy should contact t he Resea rch Office who is 
nominated to receive complaints from research participants. You should contact t hem on 

Thank you for t aking t he t ime to consider this study. 
If you wish to take part in it, please sign the attached consent form. 

This information sheet is for you to keep. 

Patient InfOrmation Sheet & Consent Form - {January 201.1] Page3of 5 
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UNSW 

Research St udy on t he Use and Impact of Computing 
Devices o n Work Pr actices 

REVOCATION OF CONSENT 

I hereby wish to W ITHDRAW my consent to participate in t he studY de5Cribed above and understand 
t hat such withdrawal WILL NOT jeopardise any t reatment or my relat ionship with til e University of 

New Soutfl Wales or ••••••• 

Signature··········--········-- ----·················· ·····-····················· Dat e ········-····-················· 

Please PRINT Name ········· ····-···························· ··-················- ··········-························ ··· ·· 

The section for Revocat ioo of Consent should be forwarded to: 

M irela Prgomet 

Centre for Health Systems and Safety Research 
Australian Institute of Health Innovation 
Faculty of Medid ne 
Level l , AGSM Build ing 
University of New South Wales, NSW, 2052 

Patient Information Sheet & Con>ent Form - {January 201.1] Page 4of 5 
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UNSW 

PARTICIPANT CONSENT FORM 
Research Study on t he Use and Impact of Computing 

Devices on Work Practices 

L 1.------····-·· ---------------------······--······----------------------·· - ···· -----------------------·······------------------------··· (name) 

of ----··· ····----------- ----------·· ··· ··--···------·------------·-········ ··------------------·--··-(ward) agree to participate a.s a 
participant in t he study described in the P'articipant Information Sheet attached to t his form_ 

2. I acknowledge that I have read the Partid pant Information Sheet, wh ich explains Why I have been 
selected, the aims of til e study and the nature and tile possible risks relating to tile study, and the 
information sheet has been explained to m e to my satisfaction_ 

3_ Before signing t his consent form, I have been given t he opportunity of asking any questions 
relating to any possible physical and ment al harm I might suffer as a result of my participation and 
I have received satisfactory answers_ 

4_ I understand that I can withdraw from t he study at any t ime without prejudice to my relationship 

witll the University of New Sou til Wales or 

5_ I agree that research dat a gathered from tile results of the stud!,• may be published, provided tllat 
I can not be identified_ 

6_ I understand that if I have any ~estions relating to my participation in this research, I may 
contact M ire Ia Prgomet at m.prgomet @unsw.edu"au or on 02 9385 8217, who will be happy to 
answer them. 

7. I acknowledge rec.eipt of a copy of this Consent form and tile· Participant Informat ion Sheet. 

Complaints may be directed to tile, Research Office, 

Signature of partid pant Please PRINT name Date 

Signature of w itness Please PRINT name Date 

Investigat or Please PRINT name Date 

Patient Information Sheet & Consent Fom •••••• [January 2011] Page Sof 5 
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Appendix C. Data Collection Tools 

Appendix C.1. Health Service Representatives Interview Guide  

The Health Service Representatives interview guide was used during interviews 

conducted with the Area Health Service and NSW Department of Health participants 

during the first stage of the research.   

Appendix C.2. IT Vendors Interview Guide  

The IT vendors interview guide was used during interviews conducted with the IT 

vendors during the first stage of the research.   

Appendix C.3. Observation Data Collection Protocol 

During the second stage of the research, data collection was guided by a protocol that 

outlines definitions and rules for the recording of each variable of interest.   
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Appendix C.1. Health Service Representatives Interview Guide 

A."' Th\"ESTIGATIO~ OF HO\Y CLL\1 CAL CO~JPUTil'\G DEUCE 

SELECTIO~ DECISIO::-JS ARE l\LIDE 

J:\TERHEW GUIDE - HEALIH SER,1CE REPRESE::\T AID"IS 

L\TRODUCTI0::\1 

The aim of this study is to identify how decisions about the selection of fi;-ted and 

mobile clinical computing devices for implementation i.n hospital wards are made. 

J:\TER' lEW PROTOCOL 

Participants are to be provided with a Participant I.nfonuation Statement and Couseut 

Form. Parti cipants should be reassured that: 

• They may stop the i.nterview at any time 

• They may ask questious at any time 

• Their atl.S\\'ers will be kept confidential 

• All data will be de-identified 

Participants must be i.nfonned that the interview will be taped. Consent must be 

obtained from the pru1ic.ipant priot" to proceedi.ng with the interview and this consent 

should be recorded as part of the i.ntervi.ew. 

PREAMBLE 

We are interested i.n uuderstaudi.ng how decisious are made about the type and mL"'t of 

fixed and mobile clinica l oomputi.ng devices for use on hospital wards. By fixed 

computi.ng devices we mean stationary computers at central work stations 01" at a 

patient' s bedsi de. Mobile computing de\;i.ces can include personal digital assistants 

(PDAs), tablet computet'S, laptops, or computers on wheels/carts. 

Page l of2 Va -s ion 1 - 11106 !09 



 

281 
 

 

QUI:STIONS 

1. What i.s you role? 

2. Can you describe the types of fixed and mobile clinical computing de• ices that are 

used in health care facilities within your organisation? 

3. How have decisions abotn the selection of those device been made in the past? 

4. 'Wh o contributes to the decision making process and who i.s ultimately responsible 

for making the final decisions? 

5. a) What are the t)pes of infotmation or factors }''OU think are generally considered 

w hen making such decisions? 

b) D o you think there are factors which are not often cousi.der in this process that 

]K'til.aps should be included? Why'? 

6. a) Do you think there is a standardised process for making such decisions or do 

you think it is more ad hoc in most facilities? 

b) On a scale of 1 to 10, 1 being completely ad hoc and 10 be.ing a formalised, 

standardised, protocol-driven procedure, how do you think m ost hosp itals make 

decisions about the best mL"{ offL"{ed and mobile dinical computing devices? 

7. Is there policy! guidelines V>rithin your organisation to infonnlsteer the decision 

making process? 

8. How do you think having mobile computing dev-ices on the ·ward wiWdo impact 

on clinical care? (prompt - e~g. what imp~'Ovemctlts will they p rol-ide? what 

clinical tasks ll-iU they be beneftcialf or?) 

Thank you very much for your time. 
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Appendix C.2. IT Vendors Interview Guide 

.-\...."X II'<"'Y'ESTIG.\110::"\ OF HmY CLL'\"'ICAL CO:\fPl.,"'TL'iGDEHCE 

SILECTIO:" DEOSIO~S ARJE l\IADE 

L'iTER\'IE'W GUIDE -ITYE..'\"DORS 

L\TRODUCTION 

The aim of this study is to identify how decisions about the selection of fixed and 

mobile clinical computing devices for implementation in hospital wards are made. 

L\'TER\ "'IE"--PROTOCOL 

Participants ru·e to be provided ..,.l].th a Participant Infocmation Statement and Consent 

Fotm. Participants should be reassured that: 

• They may stop the interview at any time 

• They may ask questiotLo; at any time 

• Their answers will be kept confidential 

• All data will be de-identified 

Participants must be informed that the interview will be taped. Consent must be 

obtained from the participant prior to proceeding v.l].th the interview and this consent 

should be recorded as part of the interview. 

PREAMBLE 

Thank you for agreeing to take part in this srudy. I am interested in u.ndet-standing 

how decisions are made about the type and mix of fi.;o;:ed and mobile computing 

devices for use on hospital wards - and the role of IT vendors in the decision-making 

process . By fixed computing devices I mean stationary computers at central work 

stations or at a patient's bedside. Mobile computing de·liices can include personal 

digital assistants (PDAs), tablet computers, laptops, or computet'S on wheels/c.arts. 
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QL"'ESTIO~S 

1. Could you briefly explain your position and role within your organisation? 

2. Can you briefly describe the types of clinical computing [hardware devices/ 

software] that your organisation provides to hos-pi tals (within Australia)? 

Thinking about instances when a hos-pit& (or Area Health Sen·ice) has approached 

your organisation regarding the potential implementation of new computing devices: 

3. What is your organisation' s contribution to the decision-making process about the 

type/mix of computing devic-es needed? 

4. Is there policy/guidelines ·within your organisation to infonn/steer the decision

making process about the type of devices which may be most suitable for hospital 

wards? 

5. a) What kind of information or fuctors do you think are generally c.onsidered when 

making decisions about the type/mi" of devices needed? 

b) Do you think there are factors which are not often consider in this process that 

perhaps should be included? Why? 

6. a) In your experience do you think there is a standardised process for making 

decisions about the selection of devices or do you think it is more ad hoc in most 

fucilities? 

b) On a scale of 1 to 10, 1 being c.ompletely ad hoc and 10 being a formalised, 

standardised, protocol-driven procedure, how do you think most hru.pit&s make 

decisions about the best mix of fi."ted and mobile clinical computing devices? 

7. How do you think having mobile computing devices on the v.•ard wi111do impact 

on clinical care? (prompt - e.g. what improvements wj[J they provide? what 

clinical tasks wj[J they be beneficial for?) 

Thank you very much for your time. 
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Appendix C.3. Observation Data Collection Protocol 

Data Collection Instrument 

The data collection inst:rument: utifued for this study is a structured A4 paper form.. The 

form is designed to aid in the collection of various data points related to the clinician 

{nurse or doctor) being shadowed and observed dwing each observation session. The 

data collection fom1 is split into two sections. The first section allows the capture of 

work activities and use of devices by the clinician being shadowed and observed. The 

second section of the form allows the capture of infonnation exchange during ward 

rounds that the observed clinician may undertake with other individuals during an 

observation session. 

The form contains nine category headings with subcategories listed underneath. The 

category headings in the ftrst section of the f01m include: activity; device/resource; 

location; impede; interact; and task. The categOI)' headings in the second section of the 

form include: exchange; person; and period. When obsoving a clinici<lll; each time one 

of these mebics change (be that a change in the device/ resource being used, a change in 

the location, a change in the task being conducted, etc.) a new row on the form is 

completed. Additional information regarding changes in tasks is outlined under the task 

definitions (points 6. L to 6.15.). 

The definitions of each of the nine category headings and subcategories are outlined 

below. I:nstru.ctions on how to record each subcategory on the fotn1 are illustrated in a 

shaded box following each definition. The other data points appearing on the form, 

including date, ward, session identification, participant identification, start time, end 

time, notes and page number, are aJso defwed below. 

Data Points and Definitions 

Dare.- Dayt month, and year when the data collection observation session occurred. 

Ward - Ward on which the data collection. observation session occwred. 

Session ID - A unique session identification number allocated to each data collection 

obsetvation session. 
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Participant ID - A unique participant identification number allocated to each clinician 

observed throughout the data collection observation sessions. 

Start Time- Hour and minute at which the data collection obsetvation session began. 

End Time - Hour and minute at which tbe data collection observation session ceased. 

Work Ac.rivirie.s and Use of Devices SecTion 

1. Activity - The activity that the cliniciarn being shadowed and observed is 

undertaking during the observation session. For this study, ward rOlmds and 

medication administration rounds are of particular interest, however, clinicians may 

also be observed while conducting activities outside of rounds. 

Nore: O!Jsemufon sesstoJzs may begfn and end. at any poi tJI of an aatlllty as ftuJMdwJ/s are 

sff(J(/Qy,'Cd. and. observed .fbt up ro 2/Wtus or any one rtme. T11us, rile alf:fre duration of an 

acrtvtry, t. e. ;tom rfte beg!Jmtng of a med.fC01f011 admlntsrrart()n round rtghr rllrough ro the end 

of rfte tJit'dtcarton adm/JUsrrartotl rotuuJ, may not: be coprure:d f11 a sf11g/e observarton sessfon. 

Alremart vety, rwo typeS ofacnllfifRS may be capmred durtng a Sfng/e o!Jseni(Ufon sesston, e.g. a 

d.ocror may be observed. wftl/e pantcipanng 111 a •want round and., afrer tltr ward rotmd. 

ccnc/udes, rile d()(l()r may be observed coud.u.crtng act:flllrtes outSide of rite rowld.. 

1.1. W - Ward Round - A team of clinicians conducting consecutive reviews 

(examination/diagnosis/treatment/progress) of patients on tbe ward. 

10 Tick box 'WI 
iVote: For ward rounds, record. the prtmmy dtMcel resou.rr£ that rile doctor leading 

rile rounding ream ts tltfl!s!ug. Tllfs tnjbnnatfoll ts recorded. 111 the sluul£d box appear111g 

Wrhe "Task Codes" panel 

Note: Only one df11tcfml 111 tile ream ts rile tndillldua/ rhar ts slull:lmi'Cd and o!Jsen1ed, 

rllus 01IJy fnreraatollS directly related ro rllat tndfllld.ua/ are recorded.. I nreracr{()llS tilat 

occur bem'Cell orher cltntcfmzs tn tile ream, wlrlcll are JWt: dfrecrly re/ared w rile dfntcfan 

being observed, are JWr recorded. For example, w!Jt!fe a resldem Wfrlltu r:lzr ream fS rhe 

cltntctan bet11g sllatiowed hut tile consukanr Wfrllf11 tile team ts fm'Oll>ed. t11 an tnreraafbn 

and. exdwngr oft11jbmwrfon Mlfrh an ftllem from wtrllftl rile ream, rllts fftreracr{()n would 

nor be recorded.. 
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1 _2_ M - Medicarion Adminisnation Round- A nurse, or nurses, preparing and 

administering the necessary medications to consecutive patients on the ward. 

A medication administration round is considered as having commenced from 

the time the nurse being shadowed and observed visits the first of the 

consecutive patients that tbey need to prepare and administer medication to. 

The medication administration round is considered as having ceased from the 

time the nurse being observed finishes documenting the administration of 

medication to the last of the consecutive patients they visited during the 

medication administration round. 

10 Tick box cM11 
Now.:· Alrfwugll mulnple muses may em/duct med!Canon adJntJl.IStfarton rouJuis 

Sfnudtamrously, only one nurse fS s/za~ ·ed and observed per obsetvatf.on session. 

1.3. 0- Omside ofRoWlds- Clinicians undertaking tasks outside of ward rounds 

or medication administration rounds (e.g.1 clinical handover, general patient 

review1 or administrative activities). 

I]? Tick box co j 

2. Device/Resomre- The computing device, paper, or other resource that the clinician 

being shadowed and observed utilises during an observation session. 

2. L F -Fixed Desktop PC -A fixed computing device sitting stationary on a 

desktop or bench space. Generally comprised of a monitor, a hard drive, a 

QWERTY keyboard, and an optical/laser mouse. 

11!': Tick box 1F1 

2.2. CC - Computer Cart - A laptop or integrated monitor sitting atop a trolley. 

10 Tick box ceq 
2.3. OC - Orher Compming Devke- Other computing devices that may be used 

include a wall-mount computer1 a tablet computer, or a PDA/sm.artphone. 

10 Tick box coc~ and record name of other computing device :in the blank ro\~ 
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2_ 4_ PR - Paper Record - The permanent hospital paper-based medical record, 

which could be used as the entire folder or as separate parts of the paper 

record. l :s::~ Tick box cPR11 

2.5. OP- Orher Paper - T emponuy paper documents that do not form part of the 

permanent paper-based medical record, such as a printed ha:ndover sheet, post

it note, or a scrap piece of paper_ 

10 Tick box cop1 

2.6. 0 - Orher- Other resources that may be used include writing a note on the 

back of the band or memorising information. 

10 Tick box co, and record the name of other resource in the blank roWI 
Note: A11 example ofmenwrf.stng t11}fmnam:m ts where tile nurse lJeing sluu:/owat ts 

observed reading t/U? name ofa 11u:dtcanon at rlw partem bedside, wlltch the muse then 

needs ro reuteve fl-otn tlu: med!Cat{()n room Ifrlw devfal resource from wh!dz tlu: 1uuse 

olnatned rlw name ofrJu: 1net11.ew10n ts twt raken ro rlze mea/Canon room, f[the muse 

does nor d().QJmem: the name ofrlze med!Catton on an altemartve devfcelresource (e.g., a 

posr-frnore}; or f[the nune does nor log t11ro mwrlwrdevfce In the med.faJI1011 room ro 

conjlmJ rlze name ofrlw required medfcarton, rlu:n rlw ntuse IS consfderea ro /lave 

11tenwrtsed the f11ftJnnarfOn. Tlu: 1/tenWr/Sing oftnfonntllfOII may also be observed where 

a 1uuse, jbr example, repealS tile name of the med.trunou aloud ro him-1/u:rself unrtl rlw 

medl.catfon ts obraJned 

3_ Localion- The location on the ward where the clinician being shadowed and 

observed is utilising the indicated device/resource_ 

Nor:e: Tilts data poinr IS only recorded for the spect.ftc locarton wllere a device I resource f.S 

ti.Sed_ If rlu: dt!IIICel resoura IS In rrml.si& ft·om one loctllton TO atwtller bur tr IS nor acmaJJy used 

by rhe cltnfdml bef11g sluutowed awi o!Jsem:d, rllen "fn mu!Sir" IS 110r reconied. For example, If 
rhe cliJI!Cialt being shadowed IS observed accesstng partetu Wfonnartotl 011 a computer CWT tn the 

1ned!ew10n room, tlu:n wh.eeliJlg rh.e cart rhroug/1 rile comdor wtriJOUr accessing flljfJmJatiotl 

during tlU? rratl.sir; but r1p0n arrtvfllg at rlw parte11t /Jedstde agatn UlfJISeS rlw cart TO access 

partem fnjimnadon_· rlu: tned!Canon room v.'OU/d be re.amted, as Y/OU/d tlu: pa&tetu bedsfde, 

/1.01-1-'ever, fn rra.ns!r would nor be recorlfM. If rlw c/iJUCiatlbe!11g sllado·wed were ro uTiliSe the 
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comptJJ£r C(lf'l w access or documnu panem tnfonnarton while wllee/fng rite can rluough The 

corridor, the locarton of "tn mniStr" would rllen be recon:ted on The data rotlecrion.Ji»m 

3.L B - Patienr Bedside - The location is considered as being at the <~patient 

bedside'' when the device/ resource used is located direotly beside the bed of 

the patient that is being attended to_ 

l0 Tick box 'B'I 
Note: 'VirecrJy beside the bed" fS regarded as Tile devfce/ rescurce being wft/1111 

approxt11UJ1ely oue merre of rile Sides or foot of the bed of the patient being atTended to_ 

3_2_ R- Patiem Room - Where the device/resource is beyond the parameters of 

what is defined as the "patient bedside" but is still within the room of the 

patient that is being attended to_ 

10 Tick box 'R 1 
Note: If rite deVICe I resource betug tllfftsed by rite clflltctall being observed fS fOC'IJfed at 

rile bedside of a panenr, whiclz rile clfiiJC/an fS not arteJui!ng to at 1har tfme, but tile 

clintelan fS ammdfng ro mwr/UJT pattem 1+1!/lfn rltar same room rile Jocanon IS COJIS{dered 

as "parfenr room ·~ 

3.3. C -Corridor- The corridors, or hallways, of the ward. 

10 Tick box •q 

3_ 4.. W - W Oikbay - Specific areas within the ward with a desk: and office chair, 

where desktop computers are generally stationed. 

10· Tick box 'W'I 

3.5. M- Medication Room -A room located in the w•ard where various 

medications are stored_ 

10 Tick box 'M'I 

3_6_ T -In Transit - If the clinician being shadowed and obsexved is utilising a 

device/resource to access or document patient information while walling 

between locations_ 

10 Tick box 'T'I 
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3. 7. S- Shared Office Area - A room located in the ward, which had muJtiple 

desks and chairs, where clinicians could perform activities. 

10 Tick box 'S1 

3.8. 0- Other- Other locations on the ward (e.g., nurse unit manager>s office, a 

meeting room, or staff break room). 

10 Tick box '0 ' and record the name of the other location in the blank roWI 

4.. hnpede -The reason impeding use of a mobile computing device at the patient 

bedside in instances where the clinician being shadowed and observed tends to a 

patient but does not utilise the mobile computing device at the patient bedside. 

Nore: TlliS data pofnr ts only applicable wll£1t a mobfle compurtng devfcc was betng usedjor 

rlw ttrUned!atelyprecedfng rusk btu was rll£1t1/or able robe tJSed ar rlw be.dstde due roan 

fmpaitng reason. Mobfte ronpurtlfg devices cm1 mclude rompurer cans. rabler rompwers, atld 

PDAslsmatrpllrmes. 

4. 1. S - Lack of Space - If the clinician being shadowed and observed is unable to 

utilise a mobile computing device at the patient bedside due to a limited 

availability of space. 

1~ Tick box 'S'I 
Nore:: The //mired space may be ar:rrfbtJtable 10 rlw stze of rhe room, rhe mmwer of 

extsTtng 1nedlall dellfees aJlti jUmtsllmgs 'Wfrllill rhe room or surrou.Ju!Jng rllf! pllrfem 

bedside, or rllf! numberoffluitvfduals wulun rite room orSWTOUJuiJng rlw partem 

bedside. 

4.2. IC - Infection Conrrol Room - If the clinician being shadowed and observed 

is unable to utilise a mobile computing device at the patient bedside as it is a 

restricted or quarantined area. 

1~ Tick box 'IC'I 
Nore:· A panenr room may be resrrtcred or quaratJ&fned due 10 rlre nanue ofrlre 

ptlrfe1u's medfca/ condf&fou or tfrhe pattemltas romro.cred a bacterfal tnfecrton, sue/las 

MI!I!Uctllin-restsrmu Staphylococcus aureus (MRSA). 
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4_3_ P - Power Issue - If the clinician being shadowed and observed is unable to 

utilise a mobile computing device at the patient bedside as they requjre a power 

outlet to plug in and power the device, but a power outlet is either not available 

or not easily accessible at the patient bedside. 

1~ Tick box 1P'l 

4. 4_ 0 - Orher - Other reasons for why the clinician being shadowed and observed 

is unable to utilise a mobile computing device at the patient bedside (e.g. poor 

or no wtt\eless network signal). 

li~ Tick box 10 1 and record the name of the other reason in the blank ro\\11 

5. lnteraa - Where the clinician being shadowed is observed discussing clinical 

information with another individual while utilising a device/resource. 

Nore: Tile dell{ce or resource musr t;e parr of rile fllreracdoll. For example, rile c/lftfCfan 

being sluuiowed fS urtlfSing a comptlli!T carr aJid fS observed potmtng our and dfSCUSSfng 

f11jimnarf011 dcsplayed on rile scre£Jl of tile can wtrh aJiorlwr flldivtduaL 

5 .1. D - Doctor - If the other individual involved in the interaction with the 

clinician being shadowed and observed is a doctor. 

10 Tick box ~m 

5.2. N- Nurse- If the other individual involved in the interaction with the 

clinician being shadowed and observed is a nurse. 

10 Tick box 1NI 

5.3. :M - Pharmacist - If the other individual involved in the interaction with the 

clinician being shadowed and observed is a pharmacist 

10 Tick box 1M11 

5.4. P- Patient - If the other individual involved in the interaction with the 

clinician being shadowed and observed is the patient 

10 Tick box 1P'l 

5. 5. 0 - Orher - Other individuals involved in interactions with the clinician being 

shadowed and observed (e.g., relatives of the patient or other health care 
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prnctitioners1 such as a physiotherapist). 

10 Tick box 10 ) and record the type of other individual in the blank roWj 

6. Task - The clinical task undertaken by the clinician being shadowed and observed 

while utilising a device or resource. 

6.1. RS -Review Summary Information - If the clinician is ob~ed reading a 

S1llll1Ila1J' I overview of information. 

!Record code 'RS'I 
Nore.· To be OOIIStdered a sutrunaJy I ow!lvtew ft l fUJSr. fncludr fnjOmtarton rrgardfng 

mu/t:fple patfenJS (e.g., the SU11111Ul!J' of pattems' tJrjbmuutrmpresemed on a lzmulo~oer 

sheer) 

6.2. RR - Review Patient Record- H the clinician is obsetved reading over 

information contained in a patien~s electronic or paper.based medical record. 

!Record code eRR'! 
Nore.· lfrlle dfnfdtlll being observed fS flicking rluoagh and read11.1g rite dljfrre~u 

pans of rile paper ../Jased mediCal recmrt ft fS oonstdered one rasl<. If rlle c/tJttdan fS 

jltckfng through rite paper-based medtcal record and rhen Looks rhrougll rite elearontc 

mediCal record, rhts fS recorded as rwo taSks as rite cltntctan wotlld requfre rile ase of 

dfjfrrenr devtces/resoruces. 

6.3. PM - Prepare Medicarion - If the clinician is observed reading a patient)s 

medication order (or recalling a medication order that they had memorised) to 

obtain the necessary medication for preparation and administration to the 

patient 

!Record code 'PM'I 

Nore.· A new task ts recorded for each m.edtcattou prepared. 

6.4. Alvl- Admi:nisrer Medication - If the clinician is observed documenting that 

the necessary medication has been administered to the patient. 

!Record code •AMj 
Nore: A new task ts recorded for eaclt medtcatton adntflttsrerea. 
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6.5. WM - Wimess Medication - If the clinician is obselved documenting 

confirmation that they have checked the preparation of a medication by 

another clinician. 

!Rec.ord code 'WM?I 

Nore~ Tire preparanon ofce:rrafn med!Calfons, sucll as fnrrawmOU5 mtlfbfolfCS, IS 

often requtreti IV bewtmessed by a seamd cl.fntcfan "Wfmess medfCarfon" IS only 

recorded where rlw cli.ntcfall befng observed ts tire o11e r.Juu doo.mteniS rJuu rlury /lave 

acted as a wtmess ro another dfntcfaiiS prepararton ofmed!Calfons. Wllere tile cl.f11fCfWJ 

betng shadowed a11d observed llasprepared t!J.e medfcarfOII and mwrlwr cliniCian 

d«umenrs amjlnl1tlr1Cn rllar they have WftfU'SSed tire preparariOn, OlllJ' rile "prepare 

med!CtlliCn" ra.sk IS reconied (as only fr dfrecrly relates IV rJJ.e obse!Wd clin!CiaJI) and rlw 

fnreracrton on the de~/fee/resource Wfth the or/J.er cltu/Cfo.niS reamled under tire 

~wreraa" caregory. A new rask IS recorded jDr each med!Carfon wtmessed. 

6.6. OM- Order Medication - If the clinician is Observed documenting a 

medication order. 

jRec.ord code 'OMj 

Nore: A new rusk f.s recorded for each medfCanou ordered. 

6. 7. CM - Modify Medic.arion - If the clinician is obsetved: documenting a change 

in the medication. for example altering the frequency .of medication 

adm.inist:ration; documenting a cancelation, f.or example where the patient 

refuses a medicationj or documenting the cessation of a medication. 

jRec.ord code 'CM'I 

Nore: A trew rusk fS recorded for eaclz medtcarton r.l1ar fS 11wdfjled. 

6.8. Th1 -Lookup Medication Information- If the clinician is .observed seeking 

and accessing information regarding a medication (e .g~ ~ instmct:ions on how to 

administer the medication or potential drug interactions). 

jRec.ord code 'IM'I 
Nore: A 11i!14' rusk fS recorded for eaclz medtcartou. l n[omUllfon may be souglu fiwu 

elecrro11lc or paper resources. Wlwtlrer rile tnjOntUltfi)IIIS elecrrmlfc or paper wtll be 

rejlecred fn rile subcaregory reconieti under "devfce/resource·~ Lookmg up medfaJtiOil 

fnjimnarfOn m/Jy rela.res ro f11jiml1tlr1Cn rlzar rlle dfntCIWJ being sh.atJQwed /los aatveJy 

sougllr. If a deefS/011 supporr IJTjbmwrton wfndow pops ..up wltf/.e rile dfnfefan fS 

Page 9ofl3 



 

293 
 

 

pri!SC11bfng medfcar1011 ft IS nor coJISfdered ro consnrute "lookup mediCation 

fnjimnatfOn "_ 

6.9. OT- Order Tesr- If the clinician is observed documenting an order for a test. 

!Record code 'OT1 

Nore:· A new w.s1< IS recorded for each resr order jbm1-. 

6.10. RT - Review Te.sr Results - If the clinician is observed aooessi:ng and reading 

test result information.. 

!Record code 'RTj 

Note~ A neM' rusk fS recorded jbr each resulrs reporr reviewed. For example, accesstng 

aJUt reading a pa.rlw/ogy rrporr, aud aa:ess111g and readfllg a radfology reporr wotlld fJe 

recorded as rwo ra.sks. 

6.1 1. DV- Document Vitals/ ObseiVations- If the di:nician. is observed 

documenting information regarding a patient's vital signs, observations, or 

other statistics, such as blood presSW"e, pulse, resp:i:ratory rate, temperature, 

blood glucose, weight, height, or medication allergies. 

[Record code 'DV1 

Note: A new ttJSk f.S recorded fOr each [om1. 

6.12. DP - Doc.ument Progress Notes- If the cl.ini.cian. is observed documenting 

information regarding a patient's review (examination! 

diagnosis/treatment/progress). 

!Record code 'DP'I 
Note~ A new taSk fS recorded jbr each jbnn. 

6.13. DI- Lookup Disease Infonnation- If the clinician is obsenred seeking and 

accessing information regarding a disease, such as the pathophysiologic 

mechanism of a disease, the signs and symptoms, the diagnosis of a disease, 

and the treatment options. 

!Record code 'DI1 

Nore~ A fWM' taSk fS recorded jbr each dlsense. Wlle:re the clttJfCfaJ! betllg observed fS 

nMewfng tnjbmllllioll 011 rite rretJnnem oprfOIIS for a d!Sease, !JmedJcarlOIIS w.oere a 

rreannem opr1on a11d &lie c/lntaan looks jUnher f1lJO tJTflmnarton regardttJg rite ll(lf/OUS 

medtcar«ms rhfS would &lien fJe c:cnsfderett '1oof.'up medfCO.&fon tnjbnnatton "-
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6.14.. DS -Document Discharge Summary - If the clinician is observed generating 

a disclwge summary document 

[Record code 'DS1 

Note~ A new rusk fS recorded for each jbml. 

6.15. 0- Other Task- Other tasks that the clinician being shadowed and observed 

may undertake while utilising a device or resource (e.g., documenting self

reminder notes or telephoning another clinician). 

[Record code '0 ' and record the name of other task in the blank roWi 

Infonna.tion R."\':change Section 

7 _ Infonnation Ex<:hange - The exchange of information between two individuals 

dwing a ward round, where one of those individuals is the clinician being shadowed 

and observed. To constitute an information exchange an individual must request 

information from the clinician being shadowed AND the clinician be:i:ng shadowed 

must provide a response to that request from information that is accessed and 

obtained via a computing device or paper resource. 

Note: 111 an tnjbmiOlfon exdwnge rlw requesnngpersmz fS twt reqttl!ed ro t.uteracr on tile 

devfce/ resource t~.lfrh rile dfntcal being sluulowed a11d obsen-'ed. As wfrJI ward rowufs, onJyonr 

c/intctan fS rile ftuitvfdua/. rllar fS sluu:kY.veit wuJ observed, •flus mJJy flljoniUJ!f()n exdiWJges 

dffectly relarect ro that flidMd.ual are recorded. Exdumges of flljbmlaTfOII rhar occur bencm1 

orlter flldlvtduals, wllldt are nor dlrecrty related ro dze clillfCiaJz bet11g of)served, are nor recotrU!d.. 

7 .1. M - Medicarions - If the infatmation that has been requested and provided in 

response to that request is related to medications. 

10 Tick box 'M'I 

7.2. T - Tesr Results - If the information that has been requested and provided in 

response to that request is related to diagno5tic tests or test results. 

10 Tick box 1T11 

Page 11 ofl3 



 

295 
 

 

7.3. D - Diagnosis - If the information that has been requested and provided in 

response to that reque~ is related to a diagnosis or disease, such as the 

pathophysiologic mechanism of a disease, the signs and symptoms, the 

diagnosis of a disease, and the treatment options. 

10 Tick box 'D'I 

7 _ 4. H - GeneJa.l Healrh - If the information that has been requested and provided 

in response to that request is related to the general health of a patient, such as 

the patient's progress, vital signs, or pmgnosis. 

10 Tick box 'H1 

7.5. 0 - Orher - Other information that an individual may request and that the 

clinician being shadowed and observed provides in response to that request. 

10 Tick box '0' and record the name of the other information in blank roWI 

8. Fuson - The individual requesting information and receiving the responding 

information from the clinician being shadowed. 

8. L D - Doctor - If the other individual involved in the information exchange with 

the clinician being shadowed and observed i.s a doctor. 

10 Tick box 'D'I 

8.2. N - Nurse - If the other individual involved .in the information exchange with 

the clinician being shadowed and observed is a nurse. 

10 Tick box 'N'I 
8.3. ;\ol - Pba:Imacisr - If the other individual involved in the infonnation exchange 

wi:tb the clinician being shadowed and observed i.s a pharmacist. 

10 Tick box 'M'I 

8.4. P - Patient- If the other individual involved in the information exchange with 

the clinician being shadowed and observed is the patient 

10 Tick box 'P'I 
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8.5. 0 - Orhe:r - Other individuals involved in information exchange with the 

clinician being shadowed and obseiVed (e.g., r-elatives of the patient or other 

health care practitioners, such as a physiotherapist). 

10 Tick box 1 0 ' and record the type of other individual in the blank ro\11 

9. Period - The time period from which the information was requested and from which 

the response was provided. 

Nore: 111 fllSWJia!S .,. '/zere rile rfme pe11od berwem rile requested ttt[omUlrfon (11/d rile 

ftljimnanm1 being prol'flled ttl response does nm comsp<md, ream! rhe rfme perlod of r/Je 

f11j0nnad011 betng proVfded !Jl response ro rhe request and docwnert~ rile discrepancy Ill rile 

blank row. 

9 .1. L -La rest - Infomtation that is requested and provided from the previous 24 

hour time period. 

10 Tick box ~q 

9.2. C - Cmrenr Artendance - Information that is requested and provided from the 

CWl'ent attendance and that is more than 24 hours old. 

10 Tick box 1C1 

9.3. P- Past Artendanoe - Inforrlliltion that is requested and provided from a 

previous attendance, including admissions, emergency episodes, or outpatient 

visits. 

Notes - Additional information of interest regarding the work activities, use of devices, 

or information exchanges related to the clinician being shadowed and observed. 

Page Nrunbe:r - Individual page number and total number of pages for each observation 

sess10n_ 
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Appendix D. Method Reporting Checklist 

Appendix D.1. Consolidated Criteria for Reporting Qualitative Studies 

(COREQ) Checklist 

The consolidated criteria for reporting qualitative research (COREQ), was used to guide 

the exposition of the first stage of the research.   
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Appendix E. Ethical Approvals 

Appendix E.1. Device Selection Study: Ethical Approval Letter 

Ethical and scientific approval for the first stage of the research was granted by The 

University of Sydney Human Research Ethic Committee (reference number 08-

2009/12017) (7 August 2009). 

Appendix E.2. Mobile Devices and Work Study: Ethical Approval Letters 

Ethical and scientific approval for the second stage of the research was granted by a 

NSW Health lead Human Research Ethics Committee (4 February 2011) and was 

ratified by The University of New South Wales Human Research Ethics Committee (14 

March 2011).  Authorisation to commence the research within the study site was 

granted by the Executive Director of the hospital (16 June 2011).   
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Appendix E.1. Device Selection Study: Ethical Approval Letter 

~ 
~ The University of Sydney Human Research Eth ics Committee 

Web: btrn·/,yom y:;)d e<l1 a o'eltieslbU!J!OO 

Gail Briody 
Maooger 
Off.ice of Ethics Administration 

Marietta Coutinho 
Deputy Maooger 
Human Research Ethics Administration 

Ref: PB/PE 

7 August 2009 

Professor Johanna Westbrook 
HeaJth Informatics Research and Evaluation Unit 
Faculty of Health Sciences 
Cumberland campus - C42 
The University of Sydney 
Email: J.Westbmok@usyd.edu.au 

Dear Professor Westbrook 

Telephone: +61 2 8627 8175 
Facsimile: +61 2 8627 8180 

Email: Qbrlody@usvd.edu.au 

T~hone: +61 2 8627 8176 
f acsimBe: +61 2 8627 8177 

Bmail: mcoutinho@usvd.edu.au 

Mailing Address: 
Levelil 

Jane Foss Russel Building - G02 
The Unive~ity ol Sydney 
~ 2006 AUSTRALIA 

Thank you for your correspondence dated 3 August and 6 August 2009 addressing 
comments made to you by the Human Research Ethics Committee (HREC). After 
considering the additional infomlation, the Executive Committee at its meeting on 1 
August 1009 approved your protocol entitled "An investigation of lww clinical 
computing device s election decisions are made". 

Details of the approval are as follows: 

Ref No.: 

Approval Period: 

Aur11orised Perso11nel: 

08-2009112(}17 

Augusr 2009 ro Augusr 2010 

Professor Jof1an na Wesrbrook 
Ms Mire/a Prgomer 
Dr Andrew Georgiou 

The HREC is a fully constituted Ethics Committee in accordance with the National 
statement on Ethical Conduct in Research lnvotving Humans-March 2007 under Section 
5.1.29 

The approval of this project is conditional upon your continuing compliance with the 
National Statement on Ethical Conduct in Research Involving Humans. We draw to your 
attention the requirement that a report on this research must be submitted every 12 
months from the date of the approval or on completion of the project, whichever occurs 
first Failure to submit reports will result in withdrawal of consent for the project to 
proceed. 

mailto:J.Westbmok@usyd.edu.au
mailto:Qbrlody@usvd.edu.au
mailto:mcoutinho@usvd.edu.au
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Chief Investigator I Supervisor's responsibil ities to ensure that: 

1) All serious and unexpected adverse events should be reported to the HREC as 
soon as possible. 

(2} A ll unforeseen events that might affect continued ethical acceptability of the project 
should be reported to the HREC as soon as possible. 

(3} The HREC must be notifJed as soon as possible of any changes to the protocoL All 
changes must be approved by the HREC before continuation of the research 
project These include:-

• If any of the investigators change or leave the University. 
• Any changes to the Participant Information Statement and/or Consent Form. 

(4} A ll research participants are to be provided Vllilh a Participant lnfom1ation statement 
and Consent Form, unless otherwise agreed by the Committee. The Participant 
lnfom1ation Statement and Consent Fom1 are to be on University of Sydney 
letterhead and include the full title of the research project and telephone contacts 
for the researchers, unless otherNise agreed by the Committee and the following 
statement must appear on the bottom of the Participant Information Statement Any 
person with concerns or compfaints about the conduct of a research study can 
contact the Manager, Ethics Administration Univers;ty of Sydney, on (02) 8627 
8175 (Telephone); (02) 86Z7 8180 (Facsimile) or qbriodY@usyd.edu.au (Email). 

(5} Copies of all s igned Consent Forms must be retained and made available to the 
HREC on request 

(6} It is your responsibility to provide a copy of this letter to any intemaUexternal 
granting agencies if requested. 

(7} The HREC approval! is va[id for four (4) years from the Approval Period stated in 
this letter_ Investigators are requested to submit a progress report annually. 

(8} A report and a copy of any pUblished material should be provided at the completion 
of the Project. 

Yours sincerelY, 

Associate Professor Phi lip Beale 
Chairman 
Human Research Ethics Committee 

Cq>y: Ms l'm"ela Prgomet m .prgornet@usyd .edu.au 

Encl. Approved Invitation to Participate 
Approved Participant Information Statement 
Approved Participant Consent Fom1 
Approved Interview Guide 

mailto:qbriodY@usyd.edu.au
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Appendix E.2. Mobile Devices and Work: Ethical Approval Letters 

Ms MireJa Prgomel 
Centre for Health Systems a!'ld Safety Research 
ArHI. Faoulty of Medicine 
Level 1. AGSM Building 
1<ens1ng1on NSW 2052 

Dear Mirela 

Project Title; An investigation Into the 
communication technology on clinic:ar work p 

impact of mobile Information and 

This lead HREC is COrl$liMed and operates in accordance with lf1e Naoonal Healtil and Medical 
Research Councirs National Slalsmtml on Ethic I Conduct in Hr;rrnm Rese8rch and the CPMPIICH 
Not& fOt' GtJid<!rn;& on Good Clinical PracJice. N HREC members with a confllcl of lntatest v.-ere 
present for review of this project. 

I am pleased to acfvfse that d1e Commitlee at an xecutive meeting on 31 January 20t t has granted 
ethical and scientific approval of the above mul · ntre projecl 

You are reminded that this Iotter constitutes ETHICAL end SCIENTIFIC ~prova1 only. You 
must not commence this research p roject at site until separate authori»tion from the Chief 
Executive or delegate of that site has been obt. I ned. A copy of this letter must be forw.arded to 
alf site investig;~tors for 'ubmission to the relo ant Res:earoh Governance Officor. 

The pro]ee1 Ls approved to, be conduded a~ the foil 

• 
• 
• 

If a MW slle(:s) is to be added please .,form e HREC In writ ng and submit a Sfte Spaclfle 
Assessmenl Form (SSA) to the Researcn Governa ce OffiCer allhe new si~e. 

The foiiOWir'lg clocumernaoon has been reviewed a approved by the HREC. 

• Pro1ocor Version 1.1 dated Deoemller 201 
• PartiCipant lnforfn'liition Sheet and Consent Form -•••••a<~ted January 2011 

Please Note: A Master PISC must bEl submi ed for review by the HREC Executive before 
authOrisation al additional snes. 

The National EthiCs Application Form (NEAF) doeu enl reviewed by the HREC was: 



 

303 
 

 

Please note ltie followln.g OGndloons of ap~ovaJ· 

• H REC requires th.al you furnish it with nual repor1s QO I he study's progress bcgaoning 111 

January 21H 2. 

The Coo(}ldinatlll{l lnveslig<llor ~I imm ately r~ort anything which might warrant r~v of 
e1tlfcal apprCI'lfal of the project in the spe 1e~ fOI'ma!, induding u-11toreseen events tllat might 
affect COI"'IInued ethical acceptab~ity of the l)ftljee4 and any COOlplalntcs made by sludy 
participants regarding lhe condue1 of the y. 

• PrO{Xls-ed changes to thfl ressarch ~ot I, OOflduel or lhe research, or length of HRE.C 
approval will be provided ro the HREC f()( eview. in the specified fOt'mat. 

• The HREC will be notified. giving reaso , if the prOjeCt is diSCOI'Itinucd bQfore lhe expected 
date· of compleiiOn. 

• The Co-<Jrdlnatirl{) Investigator wm p a progress report, in the spe<:ified fom1at, anrwally 
to lhe HREC as. w"CII as at the oompiEtiOo r the study. 

• HREC approval is valid ror 5 years from 

lnvestigalors holdill9 an academic appointment (i 
New Soolh Wales are require<! to provide a copy 
a copy of lhls Iotter to lhe UNSW HREC for ratlfl 
Ethtcs Secretariat, Research Services, Rupert M 

luding conjoint appointments} at the Unlv!!rslty ot 
the application form. all approved c:Jocum enls and 
oon. These documents should be sent lo UNSW. 
s Building, 3rd floor. Kensington .2.052. 

Please n.ole II Is lhe responsibility of the sportSor r the principal (or e»-ordinallng) Investigator of the 
~oject lo regisler tl'lls siLKiy on a publicly availabl qnlflle registry (eg Auslra lan Clinical Trial Rcglitry 
wytw.egr.orq.au ). 

Please quole········· in all corr 

Tile HREC wishes you every success in your rese 

Yours silloeJely 

HREC Executive Officer 
ResNich Office 

nd=. 
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14 !\larch :!Oil 

1\l s 1\ltrcla t•rgomct 
Centre for l lcalth S} stems .md Safety Research 
All II, Facult) ofl\ledicmc 
I eH:I I. AOS\1 Rulldiul! 

Dc:;~r M~ Prgomct, 

THE UNIVERSITY or 
NEW SOUTH WALES 

ltUM'\N KE5tAkCH ETHICS 
C 0'>-IMI I 1 EE \HREC 

t\n inn~ligalion of I he u~e and impact of mobile inform atio n a nd 
rommunica lion tt dtnOIOf:) on c:llnica l ••ork pral'llce 

Thank you for the above I!Jlllho;atton for r.ndicallon of the c:chtcs clcamncc: 1(1\ Co b) the:······ 
llospital Human Rc~COlrch 1-thtc, C'ommutcc 1\) )OU d.ltcd 4 Fcbruaf) ::!011. 

The ExcculiH: notc:d the abO\e protocol at it!> mcl!ltn~ hdtl on 8 March :!011. and i:. p1~!>Cd to ad\J:.e 
11 ts s.tu:;licd that tht:. protocol mcx:ts the rcqutrcments a:; set out m the ation<tl Swterm:nt \'II Et hi at 
Cllnduct 111 llutnan Research• The Dcput)o Vicc-Chanccllt1f (Rc~.l hl :k:Ccptcd the cthrc., 
Commince· reconuneod:nion 

Plea<c note chat the NSV. liRE<.' pcnod ol Jppn~\,ll for th•~ PI\'JCCt •~ \;thd lor the durntwn ul the 
arpmvnl pc:nud SI\C:O h) the Pnm.11)' != thic~ C'umm ittcc:. 

Yours srncereiJr, 

rrofc or Andre" Metcalfe 
PreMdmg 1\tem~r 
Human Rc carch Ethtc C"ommlltiX 

• http: • \1\1 \~ nlmuc.gO\ au 

u " ~ "' ~vt>,..lv "'s"' 10.>2 
A V ~ I ~ .. l I A 

f l'l • pho r f' dJI c.n ''"t; · ~ l· 
F.uHtn I t l.tl t2l ~J. 6..t . .... ,_. 
frn11 .t •lhit " u ·c a unt,_ ~du •u 
L•c 1111urt l•pt>rl ._. .,.~ , , ll••ld "& 
C/n M,. u uch O i lier- I l t*'l<' c .... , ., ._., ._, _., S.tt t t'' k.ent~"''lt~tn 

'\0 ' 5; I'S A7) t •• 
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16" June 2011 

Proj ect Ti t le: An Investigation Into t he use and Impact of mobile Information and 
communication technology on clinical work practices. 

Thank you for submttMg an application for authonsatlon of 1n s project I am pleased to advtse that 
the Executrve D~tector on 5"' June 2011 has grante<l autnonsatoOn for the above project to commence 

at·------· 

Documents to be usoo at this stte are. 

Protocol VersiOn 1.1 dated December 2011~16 
• Paructpanllnformatton Sheet and Consent Form •••••• dated January 2011 

Please Note: Ms Mtrela Prgomet must compile aii - HR requ~rements before commencement of 
this project, and she must be supervtsed at all time by Ule Princtpal lnvestigator 

The following condttions apply to thrS research project. These are add.tJOnal to those condtttons 
tmposed by 111e Human Research Ethtcs Committee that granted ethical approval. 

PJ'OC)Osed amendments to the research protocol or oonduC1 of the research \lltuch may 
affect the ethJCal acc:eplabil'ty of the project, and are submtl!ed to the lead HREC for 
re\119W are oopoe<j to the Research GovernallCe OffiCer 

2 Proposed amendments to the research protocol or condUCt of the research whiCh may 
affect the ongotng srte acc:eplabll ty of the prOject are to be subrnrtted to the Research 
Govemance Officer 

Investigators holding an academic appotntment (includtng con)o.nt appoimments) at the Untverstty of 
New South Wales are reqwed to provide a copy of the appliCation form a approved documents and 
a copy of tlw! ethtes approval letter to the UNSW HREC for rallficat.on. These documents should be 
sent to UNSW. Ethics Secretarl8t. Research SeMces. Rupert Myers Bulldtng. 3rd noor, Kens.ngton 
2052 
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Yours smcerely 

('~?~ 
'-

; Research Governanoe Offlcor 
Research Office 
TRii\4 Recot<l Number 
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