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ABSTRACT 

JANE ANDERSON 

FINAL PHASE ALPHA TESTING OF THE 
SELF-MANAGEMENT TO PREVENT (STOP) STROKE TOOL® 

DECEMBER 2008 

The Self-management TO Prevent (STOP) Stroke Tool® is a clinical decision 

support system (CDSS) that directs health care providers in evidence-based secondary 

prevention for ischemic stroke. The predominant functionality feature of the STOP 

Stroke Tool® is automated prompting and documentation of secondary stroke prevention 

clinical practice guidelines (CPGs) in the electronic medical record. Alpha stage 

development has been completed to develop a fully functional prototype. This study 

reports results from final phase Alpha testing and introduces an integrated model that 

emphasizes the end-user perspective to guide the development process. Final phase Alpha 

testing was focused on two specific aims: (a) to test the intended functionality of each 

component of the prototype in simulation, and (b) to determine the overall usability of the 

prototype among a sample of multidisciplinary clinicians. A pre-experimental 

before/after design and descriptive methods were utilized. 

To test functionality, documentation of CPGs was compared among a sample of 

multidisciplinary providers (N= 15) using test case scenarios and two documentation 

systems, the standard system vs. the STOP Stroke Tool. Usability was evaluated with an 

investigator-developed questionnaire and one open-ended question. Nonparametric 
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statistics were used to analyze the data. The prototype prompted a significant increase 

(pSOS) in providers' documentation for 6 of 11 CPGs (55%) as compared to baseline 

documentation while using the standard system. Out of a possible 56 points, usability was 

scored high (M = 48 .9, SD= 6.8). No significant differences were found among provider 

types on total usability scores indicating a consensus for high usability of the tool across 

all provider types. 

Alpha test results demonstrate that CPG prompting has been successfully 

engineered to produce a useable and useful CDSS for secondary stroke prevention. 

Further studies will focus on Beta testing the STOP Stroke Tool in multiple 'real-time' 

clinical practice settings (primary care, neurology, rehabilitation). 
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CHAPTER I 

INTRODUCTION 

Despite significant progress in prevention and treatment, stroke remains the third 

leading cause of death and the leading cause of permanent disability in the United States. 

Approximately 700,000 strokes occur annually, with 200,000 being recurrent (Rosamond 

et al., 2007). Among the 500,000 individuals with a new stroke each year, 14 percent will 

have a second stroke within one year (Hardie, Hankey, Jamrozik, Broadhurst, & 

Anderson, 2004). Stroke is a significant problem among the veteran population as well, 

with approximately 17,000 veterans suffering a stroke annually. Stroke patients account 

for over 10 percent of the Veterans Health Administration's (VHA) complex caseload at 

a cost of $315 million dollars per year (VHA Research Allocation Center, 2006). 

Stroke occurs as a result of a hemorrhagic or ischemic event that interrupts blood 

flow to the brain. Hemorrhagic events account for approximately 13% of all strokes and 

are associated with higher morbidity and mortality. However, ischemic events are far 

more prevalent contributing to 85% of all strokes (American Heart Association, 2008). 

Ischemic stroke is a consequence of vascular disease and is associated with multiple risk 

factors. Some stroke risk factors cannot be modified, such as older age, male gender, 

race, family history, and personal history of prior stroke or transient ischemic attack. 

Sti ll, there are multiple stroke risk factors that are modifiable with lifestyle interventions 

and/or medications. Modifiable stroke risk factors include atrial fibrillation, diabetes, 



hypertension, dyslipidemia, smoking, obesity, inactivity, and excessive alcohol 

consumption. Both modifiable and non-modifiable stroke risk factors are common among 

the veteran population, placing veterans at an increased risk of stroke and secondary 

events. For example, most veterans are male and are over the age of 55. Hypertension 

affects more than 8.5 million veterans, and approximately 220,000 veterans have atrial 

fibrillation (Stroke Quality Enhancement Research Initiative, 2007). 

As with other vascular diseases, risk factor management is essential to decrease 

risk of secondary events. Numerous studies have shown that smoking cessation, limited 

alcohol consumption, and aggressive clinical management of atrial fibrillation, diabetes, 

dyslipidemia, and hypertension can significantly reduce the incidence of second stroke 

(Salter, Teasell, Foley, Bhogal, & Speechley, 2008). Thus, early initiation of evidence-

based secondary prevention interventions that combine clinical management, patient 

education, and patient self-management at the point of care may reduce both disability 

and the risk of a second stroke. 

An important resource to aid clinicians in the implementation of evidence-based 

interventions for secondary stroke prevention is found in clinical practice guidelines 

(CPGs) . The American Heart Association/American Stroke Association (AHA/ASA) and 

the Veterans Administration, Department of Defense (V ADoD) have developed specific 

CPGs for secondary stroke prevention that are based on the latest available research and 

expert consensus. These guidelines also provide a systematic approach to reduce practice 

variability and improve patient outcomes after stroke. Notwithstanding the importance of 

evidence-based care, recommendations contained in CPGs are applied only about 50 
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percent of the time (McGlynn et al. 2003 ). This trend is also seen within the Veterans 

Health Administration. Studies completed by VHA Stroke Quality Enrichment and 

Research (QUERI) and other VA researchers have documented significant evidence

based gaps in stroke risk factor management across multiple VA settings (Department of 

Veterans Affairs, Stroke QUERI, 2007). There is a need for effective clinical decision 

support (CDS) strategies that will improve the translation of secondary stroke prevention 

CPGs into practice. 

Clinical decision support is a broad term that can be applied to any intervention 

that provides health care professionals with clinical knowledge and patient related 

information to augment patient care decisions (Osheroff, Pifer, Teich, Sittig, & ]enders, 

2005). Research has shown CDS to be most effective when it is incorporated into 

clinician workflow and is delivered at the time and place of decision making (Kawamoto, 

Houlihan, Balas, & Lobach, 2005). Therefore, automated and on-demand CDS that is 

integrated into the electronic medical record (EMR) may be an effective strategy to 

improve the implementation of CPGs (Chu, 2005; Van Wyk, Van Wijk, Moorman, 

Mosseveld, & Van Der, 2003). Computerized CDS that link evidence-based 

recommendations with patient specific information to guide clinical decision making is 

termed evidence-adaptive (Sim et al., 2001 ). Multiple policymakers support the 

application of health information technology in the delivery of evidence-adaptive CDS 

(Committee on Quality of Health Care in America, 2001; Davis & Taylor-Vaisey, 1997; 

Grimshaw & Russell, 1993). 
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Problem of Study 

Mechanisms are needed within the VHA to improve the implementation of 

evidence-based interventions to control stroke risk factors and prevent secondary events. 

Currently, the translation of secondary stroke prevention CPGs is accomplished with 

paper-based tools; however these tools are difficult to integrate with clinicians' workflow 

and documentation needs. In addition, there are no computer-based tools within the VHA 

that assist providers in translating secondary stroke prevention CPGs into a 

comprehensive care delivery process that links evidence-based clinical management with 

patient education and patient self-management teaching. 

In an effort to develop an evidence-adaptive CDS tool to guide nurse practitioners 

and other health care providers in secondary prevention interventions for ischemic stroke, 

the investigator and a multidisciplinary team of clinical and information systems experts 

received funding from the VHA Office of Nursing Services to develop a prototype of the 

Self-management TO Prevent (STOP) Stroke Tool®. A prototype version of the STOP 

Stroke Tool® is now completed and itinerated with the computerized patient record 

system (CPRS) at the Michael E. DeBakey Veterans Medical Center (MEDV AMC) in 

Houston, Texas. The tool incorporates three essential care delivery processes that are 

routinely fragmented in practice; clinical management, patient education, and patient self

management. The STOP Stroke Tool® prompts providers to follow evidence-based 

interventions for secondary stroke prevention and risk factor management based on the 

pati ent' s specific risk profile. All evidence-based interventions selected by the provider 

are automatically documented in the CPRS and stored in the Veterans Health Information 
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System Architecture (VistA). This functionality facilitates the simultaneous 

documentation of evidence-based care in the medical record and prospective data 

collection of best practice indicators for tracking care processes and patient outcomes. 

Rationale for the Study 

The purpose of this study was to complete Alpha testing of the STOP Stroke 

Tool® prototype among a multi-disciplinary sample of providers. Alpha testing is the first 

analysis of a newly developed CDSS and involves multiple phases of testing. This study 

involved the final phase of Alpha testing and was focused on two specific aims: (a) to test 

the intended functionality of each component of the STOP Stroke Tool® prototype in 

simulation prior to larger scale testing in clinical practice, and (b) to determine the overall 

usability of the prototype among a sample of multidisciplinary clinicians. Results from 

Alpha testing are critical to further develop the STOP Stroke Tool® Beta product (a fully 

functional CDSS that is responding per design specifications with an acceptable degree of 

usability) (Petrely, 1998). 

Conceptual Framework 

The STOP Stroke Tool® is conceptually based on a fundamental tenet of 

knowledge management theory, that knowledge sharing enables improved practice and 

the acquisition of new knowledge (Wiig, 1999). The Knowledge Management (KM) 

Model for Clinical Practice ( de Lusigna, Pritchard & Chan, 2002) lends structure to the 

development and evaluation of the STOP Stroke Tool®, and provides the conceptual 

framework for the application of computer information systems to improve knowledge 

and practice. The KM model incorporates an information-centered and learner-centered 
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approach to knowledge management. The information-centered approach focuses on 

methods to facilitate or improve access and the dissemination of knowledge, whereas the 

learner-centered approach aims to create opportunities that accelerate learning and 

engage participants in a learning process. 

There are two types of knowledge in the KM model: "Explicit knowledge," which 

can be recorded in a structured way, and "Tactic knowledge," which can be seen as "how 

to" knowledge, such as methods used in applying knowledge to practice. The KM model 

seeks to balance the need for both explicit and tactic knowledge using the information-

centered and learner-centered styles of knowledge management. Specific strategies for 

each domain of the KM model were applied in developing the STOP Stroke Tool® (see 

Figure 1). 

In formation C e ntered 
Knowledge 

Mecha n isms to Improve access and 
disseminatio n of k nowledge base 

. Learne r C e ntered Knowledge 
' Mechan isms th a t c re a te opportu n ities to 

acce lerate learning abou t knowledge 
base 

EBM 
Domain 

,.J 

* Best prac ti ces fo r stroke 
seconda ry prevent io n identi fied 
* Compil ed into structured 
protoco ls 
* P rotoco ls incorpora ted into a 
deta iled d es ign 

Clinical Audit 
Domain 

* RD programming creates 
s imulta neous docume ntatio n 
and data collect ions of b est 
prac ti ces. 
* Leaming occ urs through the 
clini cal a udit 
* D e fi c its in care iden tified and 
targeted fo r improvem e nt . 

Tactic 

Information Systems 
Domain 

* Re minder D ia log (RD) 
programming in the computer 
pati ent record syste m appli ed 
to best p ractice pro toco ls 
* Create dec is io n s uppo rt a t the 
po int of care. 

Mentorship 
Domain 

* Interacti ve m ech a nis ms 
promote learning 
* Provide disseminatio n 
wo rk shop s, foc us group 
evaluations, a nd indi v idua l 
tra ining with s upe r-users and 
champions 

Figure J. Knowledge management model domains applied to the STOP Stroke Tool®. 
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The Evidence-Based Practice (EBP) Domain 

The information-centered and explicit knowledge boxes of the KM matrix form 

the EBP domain. Here evidence-based practices are identified and compiled into a 

structured format. Much of the work representative of the EBP domain was accomplished 

during the initial feasibility study conducted to design and develop the components of the 

STOP Stroke Tool®. The current best practices for secondary stroke prevention, patient 

education, and self-management were identified and compiled into paper based protocols 

and incorporated into a detailed design for the STOP Stroke Tool®. 

The Information Systems (JS) Domain 

The IS domain is formed at the intersection of information-centered and tactic 

knowledge. Here information technologies are applied to improve the access and 

dissemination of an identified knowledge base. During the feasibility study, Reminder 

Dialog (RD) programming within the CPRS was applied to the detailed design for the 

STOP Stroke Tool®. Specific features of RD p~ogramming include: embedded text, 

dropdown and checkbox formats , automated orders sets and consultation packages. 

Reminder Dialog functionality creates decision support within the CPRS that prompts 

clinic ians to follow patient specific best practices for secondary stroke prevention. As a 

result, access to CPGs, patient education materials, and patient self management action 

plans is improved. In addition, the most up-to-date knowledge for secondary stroke 

prevention is disseminated to clinicians at the point of care. 

7 



The Clinical Audit Domain 

The junction of learner-centered and explicit knowledge forms the clinical audit 

domain. Here the functionality of RD programming allows simultaneous documentation 

and data collections of best practice interventions for secondary stroke prevention. As 

clinicians follow prompts within the STOP Stroke Tool®, their selected best practice 

interventions are documented in CPRS. These selected best practices are also 

simultaneously stored in the Veterans Health Information System Architecture (VistA). 

These data are now available for outcomes analysis and benchmarking of best practices. 

It is at this point that learning occurs through the activities of the clinical audit as deficits 

in care are identified and targeted for improvement. 

The Mentorship Domain 

The remaining box is the interface of learner-centered and tactic knowledge, 

which forms the mentorship domain. Although it is increasingly possible to use 

technology to share and learn tactic knowledge, this box is predominantly one that can 

only be filled by person-to-person learning activities. By working interactively and 

responding to feedback from clinicians involved in the care of patients with stroke, the 

investigator learns ways to improve the design of the STOP Stoke Tool®, and conversely, 

cl inicians learn evidence-based care for secondary stroke prevention. Interactive 

mechanisms that promote learning include dissemination workshops, focus group 

evaluation, and individual training sessions with super-user champions. By incorporating 

a combined approach, new knowledge is obtained in the explicit and tactic domains of 

both information-centered and learning-centered knowledge. 
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Clinical Decision Support System (CDSS) Development and Testing 

A CDSS is a software application that guides clinical decisions. Software 

development involves a stepwise process that is well established in commercial enterprise 

and includes four key stages: (a) Conceptual, (b) Alpha, (c) Beta, and (d) Release 

Product. Integral to this process is an iterative testing cycle that is specific for the stages 

of development (e.g., Alpha testing or Beta testing) (Bradley, 2005; Petreley, 1998). 

Design and development also requires foresight and planning for successful 

implementation of the CDSS in practice. 

Osheroff, Pifer, Teich, Sittig, and ]enders, (2005) list five steps in CDS 

development to guide successful implementation of a CDSS. The steps include: design, 

validate, develop, test, and deploy. The steps are cyclic and can be applied during each 

stage of the CDSS development. Design and validation occur iteratively to produce a 

CDSS for testing and deployment along a continuum that is specific for each stage of the 

CDSS development process. Figure 2 provides a diagram of how the fours stages of the 

CDSS development process and the five steps outlined by Osheroff et al. were integrated 

to develop the STOP Stroke Tool® prototype. 
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Conceptual Stage Development 

Conceptual stage development begins with an abstract idea and ends with a 

detailed plan for how to architect the CDSS (Bradley, 2005). The conceptual stage is best 

approached when design team members identify stakeholders with a vested interest in the 

CDSS and include them in determining specific goals and objectives (Osheroff et al. , 

2005; Seffah & Metzker, 2004). Once goals and objectives have been outlined, the 

functional requirements for the system can be determined. Design specifications are 

incorporated into flowsheet diagrams that serve as blueprints for how to architect the 

CDSS. The flowsheet diagrams specify architecture platforms, programming approaches, 

and functional requirements (Wiegers, 2003). Validation occurs as multiple stakeholders 

achieve consensus on specifications for the CDSSs functionality. 

Alpha Stage Development 

Alpha stage development begins when specifications from the detailed design 

blueprints are applied to complete the core programming of a prototype. Once core 

programming is completed, an iterative cycle of testing is initiated. Alpha testing 

involves the first analysis of a newly developed CDSS and includes multiple test 

strategies to obtain a working prototype (Bradley, 2005; Petreley, 1998). For example, 

initial phase Alpha testing is focused on validation of the system's inputs and outputs per 

design specifications. This process is completed by the programmer in a laboratory 

setting and is synonymous with "debugging" the system (Wiegers, 2003). The goal is to 

establish a stable prototype. 
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Once a stable prototype is confirmed, a small sample of end-users may be invited 

to test the usability of the CDSS under controlled conditions. Here the prototype is 

evaluated in simulation prior to larger scale testing in "real-time" practice. The primary 

objective of Alpha testing is to validate the system's functionality and user interface to 

produce the Beta product: a fully functional CDSS that is responding per design 

specifications with an acceptable degree of usability (Bradley, 2005; Petreley, 1998; · 

Seffah & Metzker, 2004) . 

Beta Stage Development 

Completion of the Beta product marks the beginning of Beta stage development 

where the focus is on larger scale testing of the CDSS in actual practice with end-users. 

Beta stage testing is critical for identifying functionality and usability issues that can only 

be exposed while end-users interact with the system in actual practice. At this point the 

effectiveness of the new CDSS may also be evaluated. Results from Beta testing are 

applied to the CDSS to produce the final release product (Bradley, 2005; Petreley, 1998). 

Release Product 

The Release Product marks the point where large scale implementation of the new 

CDSS product begins. End-user evaluation is continued during implementation to ensure 

acceptance of the new CDSS in practice. Modifications and upgrades are incorporated 

based on continued feedback from end-users. With large scale use of the release product 

the effectiveness of the CDSS on improving clinical practice processes and patient 

outcomes can be evaluated (Bradley, 2005; Petreley, 1998). 
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The Components of the STOP Stroke Tool® 

An evidence-adaptive CDSS is a software application that links evidence-based 

recommendations with patient specific information to guide clinical decision making 

(Sim et al. , 2001 ). The components of the STOP Stroke Tool® are conceptually based on 

three essential care delivery processes for effective secondary stroke prevention: (a) 

clinical management, (b) patient education, and ( c) patient self-management. These three 

care delivery processes are often fragmented in clinical practice. Therefore, the STOP 

Stroke Tool® incorporates evidence-based recommendations for secondary stroke 

prevention and risk factor management into these processes of care to create an evidence

adaptive CDS tool that prompts clinicians on CPGs for secondary stroke prevention, links 

to printable patient specific education materials, and facilitates patient self-management 

action plans. 

Clinical Management Component 

The clinical management of stroke risk factors is guided by template-based 

protocols within the STOP Stroke Tool®. The protocols were developed based on the 

AHA/ ASA guidelines for prevention of stroke in patients with ischemic stroke or 

transient ischemic attack (TIA) (Sacco et al., 2006) and the V ADoD guidelines for the 

management of stroke rehabilitation in primary care (Veterans Health Administration, 

2003). These guidelines include recommendations for the clinical management of 

patients with history of stroke and TIA, and provide risk factor and life-style modification 

interventions based on existing evidence for the reduction of all vascular outcomes. 

13 



While using the STOP Stroke Tool®, the provider is prompted to identify the 

patient's specific stroke etiology and risk factors using check-box prompts. Guidelines 

are embedded with each check-box prompt and display specific guideline 

recommendations. Automated order sets and consultation packages are launched to direct 

the provider in guideline-based clinical management that is specific for the patient's 

stroke etiology and risk factor profile (see Figure 3). 

1 r TINGLEFRITZJ..4AX 11289 Aug 21.0817:27 I PCTEAMASTROS/Gopalakrishnan,Lakshmy 
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Figure 3. Clinical management component screenshot 
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Patient Education 

Included in AHA/ ASA and V ADoD guidelines is the recommendation that every 

stroke patient receive education on stroke risk factor reduction. Patient education is 

incorporated into the STOP Stroke Tool® to ensure patients receive individualized 

education materials and teaching on technical skills necessary to manage their specific 

stroke risk factors. To facilitate easy access to patient education materials during the 

patient encounter, providers can click on hyperlinks while using the STOP Stroke Tool® 

The hyperlinks are displayed next to secondary stroke prevention and risk factor 

management interventions. This functionality facilitates tailored education for the 

patient 's specific risk factor profile. For example, if the patient has the risk factor 

"hypertension" the provider is prompted to select clinical management interventions. A 

hyperlink for education materials on hypertension management after stroke is embedded 

within the clinical management intervention. When the provider clicks on the hyperlink, 

patient education materials are automatically printed and available for review with the 

patient. All STOP Stroke Tool® patient education materials have been developed based 

on AHA/ ASA and V ADoD guidelines and include topics on nutrition and weight 

management, smoking, cholesterol, high blood pressure, physical activity, controlling 

risk factors, cardiovascular conditions, treatments, procedures, and stroke. (see Figure 4). 

Self-Management 

The Joint Commission has recently added self-management support as a quality 

indicator for primary stroke centers (The Joint Commission, 2007). Current AHA/ ASA 

guidelines recommend that all stroke patients participate in behavioral risk factor 
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modifications. Stroke risk factors include chronic condition, such as hypertension and 

diabetes, and life style behaviors, such as smoking and physical inactivity, that compound 

risk for cardiovascular events. Persons with strong self-management skills have been 

found to be more successful in managing chronic conditions and attaining and sustaining 

lifestyle behavior changes (Lorig & Holman, 2003). 
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Figure 4. Patient education component screenshot 

While it is important for clinicians to encourage and facilitate patient participation 

in self-management programs, patient self-management skills must also be developed and 

reinforced during routine clinical practice. Additionally, clinical encounters between 
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patients and providers must be structured to encourage the development of a 

patient/provider partnership. Thus, collaborative action planning is incorporated into the 

STOP Stroke Tool®. 

The process of collaborative action planning involves the patient first choosing a 

specific goal they want to accomplish, and then the provider and patient collaborate to 

develop a specific action plan toward attaining the stated goal (Handley et al., 2006). The 

action planning process has been shown to improve patients' self-efficacy for the self

management of risk factors associated with chronic disease (Lorig, 2006; Lorig & 

Holman, 2003). Recent studies suggest collaborative action planning may be more 

effec tive for promoting behavioral change than traditional clinician-directed advice 

(MaGregor et al., 2006). Based on this evidence, the STOP Stroke Tool® incorporates 

prompts that step the provider through collaborative action planning with the patient 

during the clinical visit (see Figure 5). 
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Figure 5. Patient self-management component screenshot 

Assumptions 

Several assumptions from KM theory were applied for the development and 

evaluation of the STOP Stroke Tool®. Within the context of clinical practice, knowledge 

assets include knowledge from clinical practice experience ( clinical practice "know-

how") and knowledge from clinical research (evidence-based practice). Information 

technology enables the access, storage, and sharing of knowledge assets. Problems once 

solved are repeated without effective KM. Thus, a fundamental consequence of KM is 
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improvement in process and practice. Lastly, KM promotes learning and the acquisition 

of new knowledge, both for the individual and the organization. 

Research Questions 

The present study was focused on final-phase Alpha testing of the STOP Stroke 

Tool® prototype to produce the Beta product. For this study, Alpha testing was designed 

to evaluate the functionality of each component of the STOP Stroke Tool® and to 

determine the overall usability of the tool among a sample of multidisciplinary clinicians. 

Three research questions were explored: 

1. ls there a change in documented secondary stroke prevention CPGs among a 

sample of multidisciplinary stroke-care providers using a test case scenario and 

the STOP Stroke Tool®, as compared to baseline documentation of secondary 

stroke prevention CPGs among the same sample of multidisciplinary stroke-care 

providers using a test case scenario and standard documentation in CPRS? 

2. What is the difference in time needed to document care among a sample of 

multidisciplinary stroke-care providers using a test case scenario and the STOP 

troke Tool , as compared to baseline time needed to document care among the 

same sample of multidisciplinary stroke-care providers using a test case scenario 

and standard CPRS? 

3. What is the usability of the STOP Stroke Tool® among a sample of 

multidisciplinary stroke-care providers? 
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Definition of Terms 

The STOP Stroke Toof® 

The STOP Stroke Tool® is the independent variable for the study and is 

theoretically defined as an evidence-adaptive CDSS - a computerized system that links 

evidence-based recommendations with patient specific information to guide clinical 

decision making (Sim et al., 2001 ). The STOP Stroke Tool® is operationally defined by 

the functionality of the software application: automated reminder of secondary stroke 

prevention CPGs and simultaneous documentation and data collection at the point of 

care. Each component of the STOP Stroke Tool®, clinical management, patient 

education, and patient self-management, is combined to create a CDS tool that prompts 

providers on CPGs for secondary stroke prevention and links to printable patient 

education materials and self-management action plans. 

Functionality 

The term functionality refers to the work done by the system. Functionality is 

theoretica lly d fin ed as the intended actions or outputs of a system, (i.e. , the services or 

tasks the y tern is required to perform). This includes the system alone, and the system 

in conjunction with the end-user (Malan & Bredmeyer, 2001). For the purpose of this 

investigation, functionally is a dependent variable and is operationalized for each 

component of the STOP Stroke Tool® as the prompting and automated documentation of 

secondary troke prevention CPGs in the electronic medical record. Specifically the 

intended fu nctionality for each component of the STOP Stroke Tool is as follows: 
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1. The clinical management component prompts providers to select and document 

guideline-based interventions for secondary stroke prevention during the clinical 

management of patients with a history of ischemic stroke. 

2. The patient education component prompts providers to select and document the 

provision of patient education materials on stroke risk factor reduction strategies 

for patients with a history of stroke. 

3. The patient self-management component prompts providers to complete and 

document a collaborative action plan for stroke risk factor behavior modification 

in patients that have a history of stroke. 

Usability 

Usability is a key aspect of CDSS development and testing and is a dependent 

variable for the study. Theoretically, usability is defined as any measure of design 

functionality that is evaluated from the perspective of the end-user. Specifically, it is the 

quality of an end-user's experience when interacting with a CDSS and may include 

multiple factors (Shneiderman, 2006). For this investigation, usability is a dependent 

variable and is operationally defined as end-users' perspectives on: (a) how easy the 

TOP Stroke Tool is to use, (b) how useful the tool is for clinical practice, (c) how 

efficiently the tool is at CPO prompting and documentation, and ( d) satisfaction while 

u ing th tool. 

Time Needed to Document 

Theoretically, time is defined as a basic component of the measuring system used 

to s quence event , to compare the durations of events and the intervals between them, 
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and to quantify the motions of objects (Costello, 1995). For this study, 'time needed to 

document' is a dependent variable and is operationally defined as the number of seconds 

participants needed to complete documentation of care interventions for the test case 

scenarios while using two documentation systems: standard CPRS and the STOP Stroke 

Tool. 

User-Interface 

The term user-interface is interchangeable with human computer interface and is 

the means by which the end-user interacts with a computer system (keyboard, mouse, 

touch screen, etc.) to enter an input (typed command, mouse movement, spoken 

command, etc.) and to obtain a specified response (output) from the computer system 

(Bailey, 1996) . For the purposes of this research the user-interface refers to all matter 

associated with end-users ' interactions with the STOP Stroke Tool®. 

End-Users 

End-users comprise all individuals that interact with the CDSS. 

Stroke-Care Provider 

In the hea lthcare setting a provider is authorized to practice medicine or complete 

delegated medical acts within a scope of practice as defined under state and federal 

regulation (U.S. Department of Labor, 1995). For this research a stroke-care provider is 

a physician, nur e practitioner, or physician assistant that provides medical aspects of 

care to patients with a history of stroke. 
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Veterans Health Information System Architecture (VistA) 

VistA is a comprehensive, integrated health care information system composed of 

numerous software modules. VistA includes the comprehensive electronic health 

information and management system that is available in all VA health care facilities. The 

VistA framework supports the day-today clinical, financial, and administrative functions 

of the VHA (Brown, Lincoln, Groen, & Kol oder, 2003). 

Computerized Patient Record System (CPRS) 

CPRS provides the user interface to the information in VistA and pulls together 

all relevant patient data from multiple VistA software modules. CPRS comprises an 

integrated and comprehensive suite of clinical applications that work together to provide 

a longitudinal record of a patient's health history. Applications within CPRS automate 

many processes of care, such as order entry and results, reporting on lab and other 

ancillary tests. CPRS includes numerous decision support features such as on-screen 

reminders. The STOP Stroke Tool® was developed using existing platforms and software 

application wi thin YistA and CPRS (Brown, Lincoln, Groen, & Koloder, 2003). 

Reminder Dialog Programming (RDP) 

RDP involves the use of programming code to develop the templates-tool within 

CPRS to faci litate reminder prompts, automated documentation, and data collections 

(Department of Veteran Affairs, 2007; Heller & Seppelt 2008). 

Limitations 

The be t way to test a new CDS tool is with real end-users in the real work 

setting. However, when developing a new CDS tool , this type of testing is not possible 
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until the system is operational and is performing per design specifications (Bailey, 1996). 

Alpha testing methods include validation of the functional aspects of a system and the 

usability of the user interface. Alpha testing occurs during early design and development 

and a small number of end users (generally 6) are sufficient to identify functionality and 

usability problems of the system (Neilson, 2003; Shneiderman, 2006). However, small 

samples preclude the use of random sampling and experimental methods, which may 

introduce bias with testing methods. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Clinical Decision Support Systems in Nursing: Synthesis of the Science for 

Evidence Based Practice (Anderson & Willson, 2008) 

Evidence-based practice is a systematic approach to healthcare delivery that 

requires the application of current research to insure patients receive the most consistent 

and best care possible (Pravikoff, Tanner & Pierce, 2006). Clinical practice guidelines 

(CPGs), based on the latest available research and expert consensus, are an important tool 

for implementing evidence-based practice, and have been shown to reduce practice 

variability and improve patient outcomes (Greco & Eisenberg, 1993). Despite their 

benefits, clinicians' adherence to the recommendations contained in CPG remains low 

(Davis & Taylor-Vaisey, 1997; Grimshaw et al., 2001; McGlynn et al., 2003). The use of 

infonnation technology to translate research findings into practice has been encouraged 

by policymakers (Institute of Medicine, 200 I) . 

C linical d cision support systems (CDSSs) are computer software applications 

that match patient characteristics with a knowledge base to generate specific 

recomm ndations. When CDSSs apply evidence-based recommendations at the point of 

care they are termed evidence-adaptive; moreover these systems show promise as a 

mean to bridge the gap between evidence and practice (Sim et al., 2001 ). The aim of this 

paper i to pre ent the state of nursing science regarding the development, use , and 
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application of CDSSs for the implementation of evidence-based practice in nursing. 

Conclusions and recommendations for future research are discussed. 

Methods 

We sought to answer three specific questions in this metasynthesis: 

1. What progress has nursing science made regarding the development and use of 

CDSSs? 

2. What research methods and theoretical models are being applied by nurse 

researchers in this area? 

3. Are there evidence-adaptive CDSSs designed specifically to aid nurses' decisions 

related to evidence-based practice? 

Articles included in our synthesis were English only and randomized and non

randomized clinical trials. We included articles that discussed CDSSs specific for nurses 

decisions that also met the established a priori definitions for CDSSs and evidence

adaptive CDSSs as follows: (a) clinical decision support systems are computer 

applications that match patient characteristics with a computer knowledge base and 

provide the clinician with patient-specific recommendations to assist clinical decision

making; and (b) evidence-adaptive CDSSs are computer applications that link to a 

clinical knowledge base that is derived from, and continually reflects, the most up-to-date 

evidence from the research literature and practice-based sources (Sim et al., 2001). 
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An automated literature search was completed using the databases MEDLINE, CINAHL, 

Cochrane Central Register of Controlled Trials, and Cochrane Database of Systematic 

Reviews. Both keyword and Me SH search terms were applied. The phrase nursing AND 

clinical practice guidelines OR evidence-based practice was entered individually with 

each of the following search terms: decision support systems, expert systems, computer 

decision aids, computer assisted reminders, information systems, and computers. 

Additional search methods included PubMed related articles, informatics conference 

proceedings, hand search of nursing informatics' journals and the Internet search engine 

Google. 
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Inclusion Exclusion 

• English only 

I Decis:n Tree 
• Randomized and nonrandomized clinical trials 
• COSS specific to aid nurses' decision and 
• Aid implementation of evidence-based practice 

Relevant citations identified from 
electronic database search MEOLINE 
CINAHL, and Cochrane's, N=183 , 

Articles retrieved for more detailed 
evaluation, N=57 

Research articles (randomized and 
nonrandomized studies) identified 
for further evaluation, N=23 

Research articles on COSS 
specifically designed to aid nurses' 
decisions, N=17 

Citations excluded based on content 
of the abstract, N= 126 

Content indication review, technical 
application, or opinion paper, N=34 

Articles excluded on COSS for use 
by both physicians and nurses, N=6 

Research articles on COSSs specifically designed to aid both 
nurses' decisions and evidence-based practice, N=6 

• Clinica l Decision Support Systems (COSSs) 

Figure 6. Inclusion and exclusion criteria for literature search on evidence adaptive 

clinical decision support systems in nursing. 

From a total of 183 citations, 57 articles were screened based on the content of the 

abstract and 23 were identified by both reviewers for inclusion after retrieval of the 

publication. Articles on CDSSs for use by both physicians and nurses were omitted, 

leaving a total of 1 7 research articles that investigated CDSSs specifically for facilitating 
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nurses' clinical decision-making (see Figure 6). From the 17 research articles identified, 6 

were specific for CDSSs to aid nurses' decisions in implementing evidence-based 

practice (see APPENDIX A). 

Progress on the Development and Use of CDSSs in Nursing 

The first CDSS application for nursing was developed in the 1970's and was 

known as the Creighton Online Multiple Modular Expert System or COMMES. It was 

designed to assist nurses in care planning activities and was evaluated in multiple settings 

(Thompson, Ryan & Baggs, 1991). Advances in technology have now made 

computerized decision support for care planning available to nurses on handheld 

computers (Ruland, 2002). Multiple CDSS prototypes have been developed to assist with 

determining nursing diagnoses (Bradburn, Zeleznikow & Adams, 1993; Chang & Hirsh, 

1991 ), but most of these systems were developed as tools for evaluating the decisions that 

nurses make rather than tools to help nurses make clinical decisions (Im & Chee, 2006). 

More recently, systems have focused on assisting nurses in decision-making 

based on specific patient care problems. Several CDSSs have been developed to aid 

nurses in decisions on the prevention and treatment of pressure ulcers (Clark et al , 2005; 

Zielstorff et al. , 1996). Nurse advisors use decision support software to advise callers on 

multiple acute and chronic conditions (Cathain, Sampson, Munro, Thomas & Nicholl, 

2004). Emergency room triage is also an area where nurses are utilizing CDSSs to 

fac ilitate emergency triage assessment and categorization (Dong et al., 2005; Eley et al., 

2005). Nurses are using CDSSs for the management of oral anticoagulation (Fitzmaurice 
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et al., 2000). Web-based systems are being developed to assist nurses in the management 

of cancer pain (Im & Chee, 2003, 2006). 

Expert systems (ES) are CDSSs that replicate the decisions of human experts. 

Nurse researchers have been developing and testing expert systems to aid nurses in 

clinical decision-making for over two decades (Meyer et al., 1996). One of the first 

nursing expert systems was designed to assist consultations between advanced practice 

nurses and staff nurses caring for nursing home patients with urinary incontinence 

(Petrucci , 1990). Jirapaet (2001) developed an expert system prototype to facilitate 

nurses' decision-making while caring for mechanically ventilated neonates (MVN). The 

Nurse Computer Decision Support Project (N-CODES) is an expert system that provides 

novice nurses with the decision support assistance of an experienced preceptor, is 

provided via a handheld computer, and is known as a "pocket preceptor" (O'Neill, Dluhy, 

Hansen & Ryan , 2006). 

Research Methods and Models Applied to Evaluate CDSSs in Nursing 

Qualitative Methods and Models 

Six out of 17 studies applied qualitative methods to investigate CDSSs in nursing. 

ln a descriptive Phenomenological study, Caelli, Downie, and Caelli (2003) explored the 

necessary data to develop a health promotion CDSS. This pilot study demonstrated that 

data coll ction must be broad and should include both observational and descriptive data, 

and incorporate focus group interviews, videotaping, and computer science approaches to 

data generation for modeling the types of decisions that nurse should engage in for health 

promotion practice. 
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Cathain et al. (2004) explored nurses' views of their role as nurse advisor and the 

use of CDSS software in the National Health Service Direct (a 24-hour telephone advice 

line in England, Wales and Scotland). Nurses described both the software and themselves 

as essential to the clinical decision-making process. The CDSS software was viewed as a 

safety net that facilitated consistency and guidance when more clinical knowledge was 

needed relative to the call. Nurses described a dual process of decision-making, where the 

nurse as the active decision maker was looking for consensus with the software 

recommendations, but who was ready to override the software recommendations if 

necessary. 

A study by Clark et al. (2005) was undertaken to determine nurses' perceptions of 

effective implementation strategies for the Wound and Skin Intelligence System (WSIS): 

a CDSS for the prediction, prevention, and management of pressure ulcers using CPGs. 

The implementation project was based on Rogers ' (l 995) Diffusion oflnnovation Theory 

and Bandura's (1977) Social Leaming Theory. Analysis of identified themes from team 

meeting minutes, nurses activity logs, and interviews with senior nurse managers 

revealed the fo llowing barriers toward the use of CDSSs for implementing CPGs: ( a) lack 

of consistent administrative leadership, (b) time required to learn and implement new 

guidelines, ( c) technological deficiencies of hospital computer systems, and ( d) 

competencies related to learning the computer decision support system. The identified 

benefits were: (a) increased communication between members of the interdisciplinary 

team, (b) increased likelihood of staff identifying issues related to the management of 
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pressure ulcers, ( c) increased use of information related to available resources, and ( d) 

improved consistency of care. 

Eley et al. (2005) investigated emergency room nurses' perceptions of the 

Toowoomba Adult Triage Trauma Tool (TATTT) as a CDSS for nurses in emergency 

triage. The suitability of the various developed simulations as well as patient educational 

training materials was assessed. Overall, the emergency room nurses made positive 

comments about the TA TTT as a triage tool. All participants believed the pocket personal 

computer and training simulation were excellent teaching tools for learning to triage, and 

all participants believed the education materials used for training were good. Some 

comments cautioned that the TATTT could undermine the nurses triage role by enabling 

the replacement of nurses with non-nurses for emergency triage. 

Im and Chee (2003) applied mixed methods to analyze an Internet survey and e

mail group discussions of faculty members from IO countries who were oncology nurses. 

The purpose of the investigation was to collect data on cancer pain from the perspective 

of multicultural expert oncology nurses . Findings were then applied in developing 

computer software to assist oncology nurses in clinical decision-making related to cancer 

pam. 

O'Nei ll et al. (2006) completed the first trial of N-CODES to determine if the 

Clinical Decision Making Model (CDMM) and the Novice Clinical Reasoning Model 

(NCRM) adequately represent nurses ' decision-making processes. Both models have 

been develop d as the theoretical bases for N-CODES, a CDSS to aid novice nurses ' 

decis ion-making in critical care (O'Neill et al. , 2006). The researchers point out that 
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previous attempts to build comprehensive CDSSs in nursing have disregarded theoretical 

models of nursing decision-making; a point that can be supported from this synthesis. 

Only 3 out of the 17 articles identified in this synthesis included theoretical models to 

support research of CDSSs in nursing (Clark et al., 2005; Im & Chee, 2006; O'Neill et al. , 

2006). 

In addition to model testing, O'Neill et al. (2006) applied thematic analysis to 

encode nurses ' written responses to questions related to a scenario of a critical care 

patient developing pneumonia. Focus group analyses determined if the pneumonia 

practice map contained in N-CODES was appropriate, complete, and sequenced correctly 

according to nurses decision-making styles. Results of the analyses showed that the 

sequencing of information in the CDMM and NCRM models were appropriate. One 

interesting point was that nurse users repeatedly asked where the information provided by 

N-CODES came from; indicating the process of developing the knowledge base needed 

to be more apparent to the nurse users. 

Quantitative Methods and Models 

Six out of the 17 studies on CDSSs in nursing applied an experimental or quasi

experimental design. In a randomized controlled trial, Fitzmaurice et al. (2000) found that 

a nur e led clinic using onsite blood testing and a computer system to direct nurses ' 

decis ions on warfarin dose adjustments was as effective for managing patients ' 

anticoagulation as an in-hospital clinic. In the intervention group, nurses met with the 

patients, drew the patient' s blood sample and measured international normalized ratio 

(IN R) levels with onsite equipment, and used the Anticoagulation Management Support 
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System to direct decisions about dosing warfarin. While patients in the nurse led clinic 

maintained longer intervals of therapeutic INR values compared to the patients treated in 

the hospital clinic, costs were found to be significantly higher. 

In the early 1990s, two studies were completed on the Urological Nursing 

Information System (UNIS) (Meyer et al., 1996; Petrucci, et al., 1992). UNIS was 

designed as an expert system to replicate consultations performed by advanced practice 

nurses (APNs) caring for nursing home residents with urinary incontinence (Meyer et al., 

1996). Petrucci ( 1990) compared the performance of UNIS with the performance of 

APNs using randomly selected simulated case studies. Questions and recommendations 

provided by UNIS and the APNs were organized into subject profiles and were then 

reviewed by a blinded panel of nurse experts. The experts assigned relevance scores to 

the questions and recommendations provided by UNIS and the APNs, and scores were 

then compared between the two groups. There was a significant difference between 

groups on overall performance, F ( 4, 16) = I 0.46, p = .01. UNIS scored higher than 

APNs on 4 out of 5 simulated cases and also asked significantly more questions F ( 4, 16) 

= 11 .53, p = .01 than APNs. 

UNIS was also evaluated in a randomized controlled trial conducted in a long

term care setting (Petrucci et al., 1992). Patient care units were matched for patient acuity 

and staffing patterns and were randomly assigned to one of three treatment arms. Unit

one used UNIS for ten-weeks with two-weeks of user support. Unit-two used UNIS for 

ten-weeks with continuous user support, and unit-three (control group) was not exposed 

to UNIS. A repeated measures ANOV A was completed to assess differences between the 
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units on the number of wet occurrences and on measures of nurses' knowledge about 

incontinence. There was a significant difference favoring the treatment units for fewer 

number of wet occurrences over time, F (2, 81) = 34.67, p = .001, and F (9, 81) = 29.8, p 

= .001, respectively. Nurses interacting with UNIS scored significantly higher on the 

knowledge tests over time, F (2,157) = 19.46, p = .001 , and F (3,157) = 191.22, p = .001, 

respectively. 

Decision aids are electronic devices designed to assist patients in making 

decisions about their healthcare choices and there is evidence to support their 

effectiveness (O'Connor et al., 1999). Creating better Health Outcomes by Improving 

Communications about Patients' Expectations (CHOICE) is a handheld-computer-based 

CDSS for preference-based care planning (Ruland, 2002). CHOICE is designed to help 

nurses elicit patient preferences for functional performance at the bedside. A quasi

experimental, three-group sequential design was applied to investigate the effect of 

CHOICE on nursing care priorities and patient preferences. In group-one, (the 

intervention group) , nurses elicited patient preferences for functional performance using 

CHOICE. For group-two, a study nurse elicited patient preferences for functional 

performance without using CHOICE, and in group-three, patients received usual care. 

Analysis of group differences for care priorities, patient preferences and consistency 

between the two was completed. Nurses using CHOICE developed care plans more 

consistent with patient preferences, F (103, 1) = 11.4, p < 0.001, and improved patient 

preference achievement, F(l03,1) = 4.9, p < 0.05 . There was a higher consistency 
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between patient preferences and nursing care priorities in the CHOICE group, r = 0.49, p 

< 0.0001. 

An ES prototype to assist nurses' decisions while caring for MVN was developed 

by Jirapaet (2001). A quasi-experimental, single-group, pretest-posttest design was used 

to determine the impact of the ES-MVN on neonatal nurses' clinical judgment and 

information access capabilities. Using convenience sampling, (N= 16) neonatal nurses 

working in a tertiary-care hospital were enrolled in the study. Prior to the intervention all 

nurses completed a paper-and-pencil questionnaire that evaluated their perceptions of 

clinical judgment and information access capabilities. The intervention involved training 

the nurses on the use of the ES-MVN with 10 case simulations. Nurses then completed a 

posttest questionnaire to reassess their perceptions of clinical judgment and information 

access capabilities. Paired t-test on pre- and post-scores showed a significant increase in 

nurses' performance scores of diagnoses and management care with the ES-MVN, t (15) 

= 17.21 , p = .0001 (two-tailed). After using the ES-MVN, the nurses' scores for 

perceptions of their information access capability and clinical judgment ability were 

significantly higher than before installing the ES-MVN, t (15) = 6.91,p = .0001, and t 

(15) = 17 .53 , p = .0001, respectively. 

Zielstorff et al. ( 1996) developed the Pressure Ulcer Prevention and Management 

System (PUPMS) to assist nurses with individualized guideline based treatment plans for 

pati ents who have or are at risk for pressure ulcers. Experimental and non-experimental 

protocols were developed to determine (a) if the system was acceptable to instructional 
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and content experts, (b) if the system improved nurses' knowledge about pressure ulcer 

management and clinical decision-making skills, and ( c) if the system was acceptable for 

use by clinicians. To determine if the CDSS effected nurses' knowledge and clinical 

decision-making skills, experimental and control groups were recruited from two nursing 

units (N = 39). Both groups completed a pretest to determine baseline knowledge of 

pressure ulcers management. To test for improvements in decision-making, three 

computer-based simulation programs pertaining to pressure ulcer prevention and 

treatment were developed. The PUPMS was implemented on the experimental unit for 

21-weeks. Results found that a 21-week exposure to the CDSS had no effect on nurses' 

knowledge or clinical decision making related to pressure ulcer prevention. 

Five studies out of the 17 studies on CDSS in nursing applied a non-experimental 

design. Additionally, Zielstorff et al. (1996) evaluated the instructional adequacy of the 

PUPMS by having 3 registered nurses with expertise in pressure ulcer management and 

instructional technology complete a modified version of the Underwood Software 

Evaluation Tool (Underwood, 1988). To determine end-user satisfaction, nurses 

completed a 12-item questionnaire (Doll & Torkzadeh, 1988) designed to measure 

computer end-user satisfaction. The system received an overall positive rating from all 15 

nurse experts and users. In addition, qualitative analysis of written comments and face-to

face interviews with the nurses from the experimental unit was reported and substantiated 

the overall acceptance of the CDSS. 

In an observational study, Dong et al. (2005) evaluated the accuracy of the 

cTRIAGE deci ion support system. Consecutive patients presenting to a large urban 

37 



tertiary care emergency department were assessed by triage nurses and again by study 

nurses using the eTRIAGE decision support tool. Triage score distribution and agreement 

between both triage methods were analyzed by an expert panel. Nurses' triage scores 

showed lower agreement than did eTRIAGE tool scores. The variability in nurses 

memory-based triage scores would be expected based on level of experience; however a 

CDSS applies the same rules consistently to every patient every time. 

Nurses ' acceptance of the decision support computer program for cancer pain 

management was evaluated among 122 oncology nurses (Im & Chee, 2006). A feminist 

perspective was used as a theoretical guide for the study with the assumption that nurses' 

acceptance of CDSSs is related to both their continuous interaction with their 

environment and to biases reflecting their view of the world. In this study, the socio

demographic and professional background of the nurses (including sex and ethnicity) 

were viewed as significant characteristics to structure their acceptance of the CDSS. 

Nurses' acceptance of the CDS S was assessed using the Questionnaire for User 

Interaction Satisfaction (Chin , Diehl, & Norman, 1988). The data were analyzed using 

descriptive and inferential statistics, including analysis of variance and correlation 

analysis. There were significant differences in the total scores of user satisfaction by sex, 

religion, ethnicity, job title, and specialty. The results suggest that nurses do welcome 

decision support systems and that socio-demographic and professional characteristics 

should be considered in development. 

Stroud, Erkel, and Smith (2005) completed a descriptive correlational survey to 

determine the prevalence and patterns of use of personal digital assistants (PD As) by 
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nurse practitioner students and faculty, to examine relationships between patterns of use 

of PD As and demographic characteristics, and to describe patterns of use of PD As that 

support evidence-based practice. The majority of participants used PD As and had been 

doing so for no more than a year. Use was higher among men than women and 

respondents reported using PD As most days of the week. Most participants related that 

PDA use supported clinical decision-making. 

Finally, Chin, Sosa and O'Neill (2006), published findings from their most recent 

evaluation of the N-CODES system. Mixed methods were applied in this descriptive 

study. Usability, navigation, and nurse satisfaction of an N-CODES prototype was 

evaluated by a sample (N = 10) of nurses. The participants were led through a research 

protocol that consisted of a series of 8 tasks to solve patient problems while using N

COD ES. The researchers recorded participant progress through the protocol on an 

observation data recording sheet. Investigators recorded the time to complete the tasks, 

any difficulties in navigating screens, participant comments, and nonverbal behaviors 

such as evidence of frustration. Participants also completed a 15 item usability Likert

type scale, and were asked to provide additional feedback. 

Time to complete the eight tasks ranged from 21 to 48 minutes. Results of the 

usability questionnaire indicate that nurses agreed/strongly agreed to all positively 

phrased questions. Overall, qualitative data yielded positive comments from the nurses. 

The participants agreed that the program would be helpful to both new nurses and 

experienced nurses. Nurses were also positive in their responses about the system and the 

potential to improve clinical decision-making. In following the work being done by these 
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nurse researchers, it is evident nurses are receptive to using CDSS to facilitate clinical 

decision-making and systems like N-CODES have great potential to improve the process 

and outcomes of nursing care. 

Application of CDSSs for Evidence-Based Practice in Nursing 

Evidence-adaptive systems incorporate research findings within a computer 

knowledge base that delivers evidence-based recommendations to the nurse at the point 

of care (Sim et al., 2001). Based on this synthesis 6 CDSSs were identified as being 

developed to promote evidence-based practice in nursing. Much of the literature on the 

use of computers to promote evidence-based practice has focused on efforts to increase 

the use of CPGs among physicians (Davis & Taylor-Vaisey, 1997; Grimshaw & Russel, 

1993; Rousseau, McColl, Newton, Grimshaw, & Eccles, 2003). Strategies for CPG 

implementation most likely to be effective among physicians are reminder systems, 

academic detailing, the use of combined interventions (Davis & Taylor-Vaisey, 1997), 

and interventions that deliver patient-specific advice at the time and place of a 

consultation (Grimshaw & Russel, 1993). The use of CDSSs to facilitate the use of CPG 

has be n proposed to bridge the gap between evidence and practice (Sim et al., 2001) and 

there is evidence that CDSSs improves practitioner performance (Garg et al., 2005; 

Johnson, Langton , Haynes, & Mathien, 1994). While it cannot be assumed that theses 

strategies wou ld transfer to nursing, we can conclude from this synthesis that nurses are 

receptive to the use of CDSSs to aid in evidence-based clinical decision-making (Cathain 

ct al, 2004). 
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Emergency room nurses have positively viewed the use of a COSS to support 

triage decisions and have reported that the system increased their self-confidence with 

decision-making (Eley et al., 2005). Nurses have identified evidence-adaptive COSS 

benefits as improved interdisciplinary communication, increased access to information on 

best practice, and increased consistency in quality of care. System and personal barriers 

to COSS use were noted as a lack of administrative support, time required to learn and 

implement new technology, and deficiencies in the electronic medical record, which must 

be overcome for successful implementation in nursing practice (Clark et al. , 2005). 

Finally, there is some support that evidence-adaptive COSSs may be effective in assisting 

nurses with guideline adherent care (Clark et al., 2005) and improving patient outcomes 

(Fitzmaurice et al. , 2006). 

Conclusions and Considerations from the Literature Synthesis 

COSS nursing science remains in its infancy and significantly lags behind the 

progress made by medicine. In a recent review of the medical literature, Garg et al. 

(2005) identified 100 COSSs, and only two were specific for clinical-decision making in 

nursing (Fitzmaurice et al. , 2000; Petrucci , 1990). Multiple methods are being applied to 

eva luate COSS in nursing. Most studies have focused on the impact the system has on 

the quality of nurses' decision-making and clinical actions, usability, integration with 

workflow, and the quality of clinical advice offered. Two studies were identified that 

investigated the system 's cost effectiveness and ability to help improve patient outcomes 

(Fitzmaurice et al. , 2000; Petrucci , 1990). Additionally, there has been little research on 
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theoretical models to support the development of CDSSs in nursing. Only 3 out of 17 

studies applied a theoretical framework. Clark et al. (2005) based their implementation 

project on Rogers' (1995) Diffusion oflnnovation Theory and Bandura's (1977) Social 

Leaming Theory. Im and Chee (2006) applied a feminist framework to guide their 

research on nurses' acceptance of a CDSS for cancer pain management. Only O'Neill, 

Dluhy, and Chin (2005) tested a theoretical framework developed specifically to 

understand nurses' decision-making and for application in developing a CDSS for 

nursing. The effectiveness of CDSSs in translating findings from research into practice is 

mixed, with one investigation that provides evidence of improving nurses' compliance 

with established guidelines (Clark et al., 2005) and another investigation (Zielstorff et al., 

1996) indicating no improvement in nurses' knowledge or clinical decision-making with 

the use of a CDSS. 

Recommendations for Future Research 

Based on the findings of this metasynthesis more research is needed in developing 

CDSSs specifically to facilitate nurses' decision-making in patient care. Advances in 

programming and knowledge base modeling continue to improve the functionality , 

usability and usefulness of CDSSs. As these technological advances are incorporated into 

the development of new CDSSs for nursing practice, research is needed to establish 

system architectures that are most adaptable for decision-making in nursing practice. The 

use of computers to aid in nurses' decision-making is a new and exciting area for nurse 

theorists and one that is just beginning to be explored. Additional theoretical models for 

the development and testing of CDSSs in nursing are needed. More research is necessary 
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to determine if CDSSs offer an effective strategy for translating evidence from research 

into nursing practice. This is an important area for nursing research as recommended by 

the Committee on the Quality of Health Care in America, Crossing the Quality Chasm, 

strategies for improving the quality of health care in the United States. Among key 

findings were recommendations for the use of information technology to improve access 

to information and to support evidence-based decision-making (Institute of Medicine, 

2001). 

This metasynthesis indicates there is a significant gap in the knowledge of nurses' 

use of CDSSs to enhance evidence-based practice. Evidence-based protocols are typically 

developed as paper-based tools, which are difficult to integrate with the clinicians' 

workflow. In addition, paper format precludes the ability to effectively and efficiently 

evaluate variance and to empirically link clinical processes with patient outcomes. The 

development and testing of CDSSs that simultaneously inform and guide nurses on 

prevention, patient education, and self-management interventions, is proposed as research 

to advance the fi eld of clinical practice guideline implementation in nursing 
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. CHAPTER III 

METHODOLOGY 

Study Design 

For this explorative descriptive study, a pre-experimental before/after design was 

utilized. Since the STOP Stroke Tool® was designed to prompt providers on guideline

based interventions for secondary stroke prevention and risk factor management, it was 

reasonable to expect there would be a change in documented secondary stroke prevention 

CPGs among participants who used the tool. However, before participants were exposed 

to the STOP Stroke Tool®, it was necessary to assess their baseline documentation of 

secondary stroke prevention CPGs while using their current documentation system. 

Hence the before/after design was applied to validate the intended functionality of the 

STOP Stroke Tool® prototype. A descriptive questionnaire and one ~pen-ended question 

were employed to determine the overall usability of the prototype. Since Alpha testing 

occurs early in CDSS development, pre-experimental methods were appropriate to 

answer the research questions. 

Setting, Population, and Sample 

Alpha testing was completed at the Michael E. DeBakey VA Medical Center in 

Houston, Texas. The MEDVAMC serves as the primary health care facility for almost 

120,000 veterans in southeast Texas. The MEDV AMC is an academic full service 

healthcare fac ility that provides both inpatient hospital care and outpatient services in 
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specialty clinics (United States Department of Veterans Affairs, n.d.). The MEDVAMC 

has a large, active stroke program and treats more than 300 stroke patients annually. 

Stroke follow-up care is generally provided in outpatient clinics and is delivered by 

attending and resident physicians, nurse practitioners, and physician assistants in the 

specialty areas of: neurology, primary care, and rehabilitation medicine. In 2007, the 

outpatient clinics at the MEDV AMC logged more than 734,000 visits with approximately 

902 visits being related to stroke follow-up care. (Department of Veteran Affairs, Data 

Warehouse, 2007) 

The STOP Stroke Tool® is designed to direct providers in secondary stroke 

prevention during outpatient encounters. The potential end-users of the STOP Stroke 

Tool® were the target population for the study and included all providers that deliver 

follow-up outpatient care to veterans with a history of ischemic stroke. Table 1 shows the 

avai lable sampling pool of outpatient stroke-care providers at the MEDV AMC. 

Table 1 

Sampling Pool of Outpatient Stroke Care Providers at the Michael E. DeBakey VA 

Medical Center (MED VAMC) 

Provider Type Neurology Primary Care Rehab Medicine Total 

Physicians/Residents 17 159 6 182 

Nurse Practitioners 1 5 3 9 

Physician Assistants 10 0 11 
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Convenience sampling was applied to select a stratified sample of stroke care 

providers that consisted of physicians/residents, nurse practitioners, and physician 

assistants. The provider type classification physicians/residents include both attending 

and resident physicians. The classification is combined because attending physicians 

provide care in conjunction with resident physicians during most outpatient encounters at 

the MEDV AMC. Nurse practitioner and physician assistant providers practice 

independently in collaboration with physicians and were thus categorized individually in 

the sample. A sample of N = 15 participants (5 per provider type) was determined 

sufficient to test the intended functionality of the STOP Stroke Tool®. According to 

usability testing experts Nielsen (2003) and Shneidermann (2006) a sample of 3 to 5 

participants is sufficient to test the intended functionality of a system. The sample size of 

N = 15 was therefore sufficient to expose prominent usability problems per provider type 

and prevented depletion of the sampling pool available for future testing of the STOP 

Stroke Tool® Beta product in clinical practice. 

Protection of Human Subjects 

The Institutional Review Boards at Baylor College of Medicine and Texas 

Woman' s University approved the study prior to enrollment of participants. The identities 

of study participants along with test results were kept confidential. Participants were 

assigned an identification number and no personal identifying information (social 

security number or date of birth) was collected for the study. At recruitment, subjects 

were provided information regarding the details of the study. Potential subjects were 

info rmed that participation is completely voluntary and that they were free to withdraw 
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from the study at any time for any reason. All participants signed informed consent prior 

to enrollment in the study. 

Instruments 

An Alpha-test protocol was devised to evaluate the intended functionality of each 

component of the STOP Stroke Tool® prototype and to establish the time providers 

needed to document their care interventions while using standard CPRS and the 

prototype. To determine end-users' perceptions on usability the Evidence-adaptive 

Clinical Decision Support (EA-CDS) Usability Questionnaire and one open-ended 

question were utilized. The Alpha-test protocol included two written test case scenarios 

(TCS) that were devised by the investigator. The TCS served as two versions of the same 

test. Each scenario de.scribed a different patient with ischemic stroke and multiple stroke 

risk fac tors (e.g., hypertension, diabetes, physical inactivity, smoking, etc.) , yet still 

required the application of the same CPGs. The first TCS was given to determine 

participants' baseline documentation of guideline-based interventions for secondary 

stroke prevention while using the standard CPRS. The second TCS was given to assess 

participants' documentation of guideline-based interventions for secondary stroke 

prevention while using the STOP Stroke Tool®. The time participants needed to 

document their care interventions for the test case scenarios while using both systems 

was measured in seconds using a Casio countdown timer stop watch. 

The EA-CDS Usability Questionnaire is a 14-item, four-point Likert scale that 

assc ses end-user perception on the usability of a CDSS in facilitating evidence-based 

prac ti ce. Specifically the questionnaire measure, how easy the STOP Stroke Toot® is to 
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use, how useful the tool is for clinical practice, how efficient the tool is at prompting 

evidence-based practices and providers' satisfaction with using the tool. Items are scored 

individually from strongly agree to strongly disagree, where 4 = strongly agree, 3 = 

agree, 2 = disagree, and 1 = strongly disagree. The two negatively phrased questions are 

reverse scored and a summary score is calculated which ranges from 14 to 56 points. A 

content validity index of 1.0 was established among a sample of experts during the 

feasibility study and a Cronbach's alpha of 0.895 was achieved for internal consistency 

during initial phase Alpha testing. 

Data Collection 

Multidisciplinary stroke-care providers were invited to Alpha test the STOP 

Stroke Tool®. After obtaining signed consent, study participants completed Alpha testing 

in individual sessions with the investigator. A before/after assessment of participant's 

documentation of secondary stroke prevention CPGs was employed to determine if there 

was a change in documentation of guideline-based care for secondary stroke prevention 

when using the STOP Stroke Tool® as compared to standard CPRS documentation. 

The protocol began with participants receiving general instructions on the Alpha 

test procedure. Both CPRS and the STOP Stroke Tool® prototype were loaded on a 

training platform and laptop computer. First, a baseline assessment of each participant's 

documentation of secondary stroke prevention CPGs was assessed. Participants were 

given 10 minutes to read a test case scenario of a patient with history of ischemic stroke 

and were then instructed to document care for the simulation test case using standard 

CPRS. When participants completed documentation using standard CPRS, the 
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investigator provided a five minute training session on how to access and navigate the 

STOP Stroke Tool® prototype. Next, participants were instructed to document care for a 

second test case scenario of a patient with history of ischemic stroke using the STOP 

Stroke Tool®. Each participant was timed on how long it took them to document care for 

the simulation test cases while using both documentation systems respectively. Upon 

completion of the Alpha testing session, the usability of the STOP Stroke Tool® was 

evaluated by each participant with the EA-CDS Usability Questionnaire. Participants 

were also asked to answer the following open-ended question: "Overall how would you 

describe the STOP Stroke Tool® as compared to CPRS?" 

Treatment of Data 

Both documentation systems produced a patient encounter note that was stored in 

the training platform. The participants' patient encounter notes generated while using 

CPRS and the STOP Stroke Tool® were printed out and compared to a corresponding 

"answer key" that listed the CPGs that should have been documented for each case 

scenario based on ASA secondary stroke prevention CPGs. Documentation of correct 

CPGs was recorded dichotomously as "yes" ( documented) or "no" (not documented) on 

an investigator-developed data collection form. Table 2 lists the CPGs for secondary 

stroke prevention that should have been documented based on the stroke etiology and risk 

fac tor profi le described in the two test case scenarios. 
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Table 2 

Secondary Stroke Prevention Clinical Practice Guidelines (CPGs) Outcome Measures 

Stroke Etiology/Risk 

Cardio-embolic or 
Thrombolitic Stroke 

Hypertension 
Hypertension+ Diabetes 

Diabetes 

Hyperlipidemia 

Smoking 

Alcohol 

Obesity 

Physical inactivity 

All Risk Factors 

Patient selected behavioral 
ri k fac tor 

Guideline-based Interventions 

Prescribe anticoagulation / Antiplatelet therapy 

Prescribe ACE-Inhibitor and/or Thizide Diuretic and/or 
Angiotension Receptor Blocker (ARB) 

Prescribe Oral hypoglycemic medications/ Insulin 
Instruction/counseling on diabetic diet 

Prescribe Statin agent 

Strongly encourage patient to stop smoking 
Prescribe nicotine replacemept and/or smoking cessation 

Strongly encourage patient to reduce alcohol consumption 

Recommend dietary counseling and/or exercise program 

Encourage 30 minutes of exercise 5 to 6 days a week 

Provide patient specific education materials 

Provide patient self-management 

Alpha test results were entered into the Statistical Package for the Social Sciences 

(SPSS 14.0, 2005) database. The small sample size was conducive for analysis using 

nonparametric tatistics. For each of the 11 outcome measures, the McNemar change test 

was used to detc1mine if there was a significant change in documented CPGs among 
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multidisciplinary stroke care providers using the STOP Stroke Tool® as compared to their 

baseline documentation using standard CPRS. The McNemar is useful to determine the 

significance of change in before and after designs in which a small number of subjects 

are used as their own control and in which the measurements are made on a nominal 

scale. The two-sided p value for the test was based on cumulative binomial distribution 

because the number of discordant pairs was 25 or less (Siegel & Castellan, 1988). The 

number of seconds to document care between the two systems was compared using the 

Wilcoxon matched pairs signed ranks test, a nonparametric equivalent of a paired t-test. 

Participants' responses on the EA-CDS Usability Questionnaire were analyzed 

descriptively by computing means, standard deviations, and frequency for each individual 

questionnaire item. An overall mean usability score was determined from the mean of the 

sum scores for each item on the questionnaire and included reverse coding for two 

negatively phased items. The nonparametric Kruskal-Wallis one-way analysis of variance 

was used for analysis of participants' responses on the EA-CDS Usability Questionnaire 

to test for differences among types of providers on total usability scores and individual 

items. Pairwise comparisons were completed using the Mann-Whitney U test to 

determine which pairs of provider types differed significantly. The p value associated 

with the exact test, rather than the p value associated with the asymptotic test was 

selected because the data set is small and heavily tied. Finally, responses to the open

ended question were tabulated and grouped to identify perceived facilitators and barriers 

to four specific usability measures: (a) ease of use, (b) usefulness for clinical practice, (c) 

efficiency for C PG prompting and documentation, and (d) satisfaction. 
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CHAPTER IV 

RESULTS 

Prototype to Practice: Developing and Testing a Clinical Decision Support System for 

Secondary Stroke Prevention in a Veterans Health Care Facility 

Alpha stage development has been completed to produce a decision support tool 

that significantly improves documentation of secondary stroke prevention clinical 

practice guidelines (CPGs) in the electronic medical record (EMR). A team of 

investigators utilized innovative technology within the Veterans Health Administration's 

(VHA) computerized patient record system (CPRS) and applied an integrated model that 

incorporated end-user input to guide development. Clinical decision support (CDS) is 

any intervention that provides clinicians with clinical knowledge and patient specific 

information to augment patient care decisions. (Osheroff, Pifer, Teich, Sittig, & ]enders, 

2005). Automated and on-demand clinical decision support systems (CDSS) that 

integrate with the EMR offer an effective strategy for CPG implementation and have 

been shown to significantly improve decision quality. (Chu, 2005; Sintchenko, Coiera, 

Iredell , & Gilbert, 2004; Van Wyk, Van Wijk, Moorman, Mosseveld, & Van Der, 2003) 

When a CDSS applies evidence-based recommendations for patient specific problems, 

the system is classified as evidence-adaptive. (Sim et al., 2001). 

The Self-management TO Prevent (STOP) Stroke Tool® is evidence-adaptive 

CD S that gu ides nurse practitioners and other health care providers in guideline-based 
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secondary prevention for ischemic stroke. The tool was developed as part of a nursing 

research pilot project funded by the VHA Office of Nursing Services. The STOP Stroke 

Tool® represents innovative application of CPRS functionality to translate evidence into 

practice. Specifically, the STOP Stroke Tool® uses Reminder Dialog (RD) programming, 

a unique software application within CPRS that makes possible simultaneous 

documentation, data collection, and reminder of best practices at the point of care. 

This paper presents results from the continuum of studies completed during Alpha 

stage development to produce the STOP Stroke Tool® Beta product. Findings from the 

feasibility and usability studies as well as final phase Alpha testing procedures are 

presented with an integrated model for CDSS development that emphasizes end-user 

perspectives throughout the entire process. Discussion and conclusions are presented 

with recommendations for future research. 

Background 

Stroke remains the third leading cause of death and the leading cause of 

permanent disability in the United States. Approximately 700,000 strokes occur annually 

and the prevalence of stroke is expected to double by the year 2020 (Rosamond et al. , 

2007). About 17,000 veterans suffer a stroke each year, at a cost of $18,000 per patient 

(VHA Research Allocation Center, 2006). The overall goal of this research is to provide 

the VHA with mechanisms for the implementation of evidence-based interventions to 

decrease stroke risk factors, prevent secondary events, and control stroke care delivery 

costs. Since CPRS is the system-wide EMR within VHA, an evidence-adaptive CDSS 
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that utilizes programming capabilities within CPRS may offer an effective strategy for 

the translation of secondary stroke prevention CPGs into routine clinical practice. 

Evidence-Base for the Components of the STOP Stroke Too"!® 

The American Heart Association and the American Stroke Association 

(AHA/ ASA) have published guidelines for prevention of stroke in patients with ischemic 

stroke or transient ischemic attack (TIA) (Sacco et al., 2006). Additionally, the Veterans 

Administration Department of Defense (VADoD) has published guidelines for the 

management of stroke rehabilitation in primary care (Veterans Health Administration, 

2003) . These guidelines provided the evidence base for the STOP Stroke Tool® and 

include recommendations for the clinical management of risk factors and life-style 

modification interventions based on existing evidence for the reduction of all vascular 

outcomes after stroke, including stroke, myocardial infarction, and death. 

In addition to guideline prompts, the STOP Stroke Tool® incorporates hyperlinks 

to printable patient education materials and self-management action plans. When the 

provid r clicks on a hyperlink, patient specific stroke prevention education material is 

automatically printed for review with the patient during the encounter. 

ince stroke risk factors overlap other chronic disease processes, such as 

hypertension and diabetes, and involve lifestyle choices known to compound the risk of 

cardiovascular events, such as smoking and physical inactivity, self-management is a key 

factor to promote health in this patient-specific population. Persons with strong self

management ski lls have been found to be more successful at attaining and sustaining 

life tylc behavior changes (Lorig & Holman, 2003). Recent studies suggest collaborative 
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goal-setting and action planning between the healthcare provider and the patient may be 

more effective for promoting self-management and behavioral change than traditional 

clinician-directed advice (Handley et al., 2006; MaGregor et al., 2006). Based on this 

evidence, the STOP Stroke Tool® incorporates mechanisms to facilitate a patient

provider partnership in collaborative action planning by using an action plan template. 

Clinical Decision Support System Development 

Clinical decision support system development is an emerging science in Nursing. 

Private enterprise software development traditionally employs a stepwise process of four 

key stages : (a) Conceptual, (b) Alpha, (c) Beta, and (d) Release Product (Bradley, 2005). 

Integral to this process is an iterative testing cycle that is specific for each stage of 

development ( e.g., Alpha testing and Beta testing; Bradley, 2005; Petreley, 1998). 

However, successful implementation of the CDSS must include stakeholders in the 

design and development process. Osheroff et al. (2005) lists five steps in CDS 

development methodology: design, validate, develop, test, and deploy. This investigator 

has linked these two CDSS development methodologies as an integrated model in the 

design of the STOP Stroke Tool® prototype. Figure I provides a diagram of the 

integrated model. The five steps are cyclic and can be integrated with each stage of the 

CDS oftware development process. 

STOP Stroke Tool® Development and Testing 

Conceptual Stage and the Feasibility Study 

Conceptual stage development proposes the question "Is this COSS possible?" To 

answer this que tion , the investigator compiled a design team of multidisciplinary 
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clinician experts in stroke and information technology to determine the feasibility of 

developing the STOP Stroke Tool®. The feasibility study began with the design team 

translating secondary stroke prevention guidelines from the AHA/ ASA and V ADoD into 

an algorithm format. Next, the team applied Use Case methods to determine how 

providers would interact with the STOP Stroke Tool® to achieve specific objectives and 

functions based on the CPG algorithm. From this iterative process, design specifications 

were compiled into a blueprint to guide the development of a prototype of the STOP 

Stroke Tool®. 

Design specifications for the prototype platform included a template-based tool 

within the Veterans Information Systems Architecture (VistA) that was easily accessible 

to providers via the graphic user interface CPRS. Functionality specifications established 

by the design team were (a) access to the tool during documentation of patient 

encounters, (b) guidelines embedded as text reminders, ( c) check boxes that prompt 

guideline adherent care and automate documentation, ( d) automated orders and 

consultations, and ( e) storing of selected quality indicators in VistA for outcomes 

monitoring. 

The products of the feasibility study included the blueprint that outlined design 

and functionality specifications and an initial prototype template programmed in 

Reminder Dialog (RD). Barriers and facilitators to developing computer based tools 

using RD templates were identified. One key facilitator was that RD programming can be 

applied to effectively translate guideline algorithms into template protocol within CPRS. 

Reminder dialog programming also produces simultaneous guideline prompting, 
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documentation, and data collection at the point of care. As stakeholders, the design team 

noted that RD checkboxes and embedded text functionality seemed easy to use and 

follow. However, concerns were raised about multiple successive RD dropdown boxes 

becoming cumbersome in actual practice. 

Alpha-Stage Development and Testing 

The primary objective of Alpha testing is to validate the system's functionality 

and user interface to produce the Beta product: a fully functional CDSS that reflects 

design specifications within an acceptable degree of usability. During Alpha stage 

development, specifications from the detailed design blueprint were applied to complete 

the core programming of the STOP Stroke Tool®. Once core programming was 

completed, an iterative cycle of Alpha testing was initiated. Multiple test strategies were 

applied to obtain a working prototype. Initial Alpha testing was focused on validation of 

the system's inputs and outputs per design specifications. Once a stable prototype was 

confirmed, a small sample of end-users was invited to test the STOP Stroke Tool® 

prototype under controlled conditions. 

The Usability Study Methods 

U ability testing was completed early in the development process to obtain end

user input that would guide continued refinement of the STOP Stroke Tool®. Descriptive 

methods and a Think-Aloud protocol were applied during the initial usability study to 

obtain end-user input on barriers and facilitators to accessibility, usability, and usefulness 

of the prototyp . During a Think-Aloud protocol participants are instructed to 'think-out

loud' by expre ing their thoughts, feelings, and opinions while interacting with the 
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CDSS. This method is ideal for usability evaluation early in prototype development 

because it can be completed without formal training and exposes prominent usability 

problems with only three to five test subjects (Nielsen, 1994, 2003). 

Setting and participants. Usability testing was completed at the Michael E. 

DeBakey VA Medical Center in Houston, Texas. Clinicians that provide follow-up care 

to veterans with ischemic stroke comprised the sample. The sample comprised three 

males and one female, with a mean age of 52 years, and included two physician 

neurologists and two primary care nurse practitioners. 

Instruments. Th Think-Aloud protocol included the use of test data from 

scenario of stroke patients with multiple stroke risk factors. To ensure consistent 

int rpr tation of the concepts of accessibility, usability, and usefulness , participants were 

provided a verbal de cription and written definitions before interaction with the STOP 

trokc Too llB . cces ibility was defined as a measure of the ease of access; usability as a 

measure of the a c of u e; and usefuln ess as a measure of perceived benefits. 

Data col! ct ion procedure. The Think-Aloud protocol was comprised of task 

scenario and p n-ended interview questions. The goal was to capture the participants' 

thought pr e , expectation , observations, challenges, and successes while using the 

TOP toke Tool prototype. The researcher stepped participants through task scenarios 

in each ecti n of the prototype using simulation patient data. Examples of task scenarios 

includ (a) id ntify troke etiology, (b) identify correct treatment under acute 

management, ( c) election of automated features, ( d) identify stroke risk factors , and ( e) 

dcvcl p pa ti ent If-management action plan. The participants expressed their thoughts 
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and asked questions, both independently and in response to questions and probes from the 

researcher. Each session was audio-taped and field notes were taken to document 

participants ' nonverbal responses and actions. 

Data analysis. Audio-tapes were transcribed verbatim and field notes were 

incorporated into the transcripts. The investigator applied content analysis to code word 

and word phrases into pre-defined categories (Weber, 1990) that were indicative of either 

a barrier or a facilitator to accessibility, usability or usefulness. Category coding was 

completed by two independent investigators. Discussion and review occurred 

intermitt ntly until 100 percent consensus was achieved. Word and word phrases w ere 

coded ba d on frequency and irrelevant information was ignored. 

Usability Study Results 

Participants indicated access of the tool in CPRS was "easy." Familiarity with 

CPR fu nctionality was noted a the major facilitator to accessibility and navigation 

within the template. A ll participants identifi ed lack of simultaneous access as a major 

acces ib ility barrier. urrent CPRS functionality does not allow the user simultaneous 

acce of a reminder dialog tool and other infonnation in the electronic medical record. 

utomated functionality was identifi ed as the key usability facilitator (e.g ., 

automatic import of medica tion list). Screen readability was described as "good." Several 

participant uggested the addition of color to draw attention to embedded guidelines and 

in tructional prompts within the template. Reminder dialog functions that presented as 

drop down reen , check box s, and fill in blanks were noted as additional facilitators. 

ability barrier were re lat d to lack of clarity in instructions. Specifically, parti c ipants 
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indicated that "more instruction is needed" to improve the usability of automated 

features, and "instructions need to be more visible" in the template (e.g., "larger font," 

"different colors"). 

Embedded guidelines and prompts were identified as the key facilitators to 

usefulness of the tool with all participants indicating they would "use the tool in 

practice." Participants reported that use of the tool would "increase compliance with 

appropriate evaluation" and attention to risk factors for stroke, and would help them 

remember to fo llow practice guidelines. 

Updating of the STOP Stroke Tool® when new guidelines are published was 

identifi d as a potential barrier to usefulness. For example, one participant expressed 

concern that the complexity involved in template development may preclude timely 

update to the tool. An additional perceived barrier to usefulness was the "cookbook 

medicine" ti gma a ociat d with pre-set decision support tools. One participant 

indicated that the " lack of an 'other' option" in each section of the template impaired 

clinical judgm nt and fore d practice dec isions that might not be best in every case. 

Whi le c mpleting th Think-Aloud task scenarios participants used positive 

word mor frequent ly than negative words to describe the tool. When asked to express 

their th ught about the TOP Stroke Tool , participants' responses were 

overwhelmingly po itiv . For example the word "good" was used in the word phrases, 

" thi i a good thing," " thi will be good," "good to know," "good to have," and "good 

for pra ti e." The tool wa described as "helpful" for "guidelines in primary care," "for 

under tandin the whole concept of stroke management," "to remember what to·do," " to 
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increase compliance with appropriate evaluation and risk factor management," "to 

remember guidelines," and "to teach providers." Figure 7 displays the frequency of 

descriptive words used by participants. 
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Figure 7. Frequency of words used to describe the STOP Stroke Tool® prototype. 

The negative phase "not clear" was used by participants when asked to describe 

in truct ion that re ulted in automated electronic orders and request for consultations . For 

example when providers were prompted to complete automated orders for consultations 

at the end of the template, three out of four participants reported "more instruction is 

needed. ' One part icipant stated that "current instructions are confusing." The goals of the 

u abil ity tudy were m tin this initial testing cycle of the Alpha-phase development. Key 

u ab ility i ues of the prototype were identified. The findings from the usability study 

were applied to further refine the tool for final phase Alpha-testing. 
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Final-Phase Alpha Testing 

A pre-experimental before/after design was utilized for final-phase Alpha testing 

of the STOP Stroke Tool®. Testing was designed to evaluate the functionality of each 

component of the STOP Stroke Tool® and to determine the overall usability of the tool 

among a sample of multidisciplinary clinicians. Three research questions were explored: 

1. ls there a change in documented secondary stroke prevention CPGs among a 

sample of multidisciplinary stroke-care providers using a test case scenario and 

the STOP Stroke Tool®, as compared to baseline documentation of secondary 

troke prevention CPGs among the same sample of multidisciplinary stroke-care 

providers using a test case scenario and standard documentation in CPRS? 

2. What is the difference in time needed to document care among a sample of 

multidi ciplinary stroke-care providers using a test case scenario and the STOP 

troke Tool , a compared to baseline time needed to document care among the 

amc ample of multidisciplinary stroke-care providers using a test case scenario 

and tandard CPRS? 

3. What i the u ability of the STOP Stroke Tool® among a sample of 

mu ltidi ciplinary troke-care providers? 

tting and participants. Final-phase Alpha testing was completed at the Michael 

E. DeBakey VA Medical Center. Stroke follow-up care is generally provided in 

outpati ent clinic and is delivered by attending and resident physicians, nurse 

pra titioner , and phy ician assistants in the specialty areas of: neurology, primary care, 

and rehab ilitation medicine. Convenience sampling was applied to select a stratified 
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sample of stroke care providers that consisted of physicians/residents, nurse practitioners, 

and physician assistants. The sample included five physicians, five nurse practitioners 

and five physician assistants for a total of 15 participants. There were eight female and 

seven male participants with an age range from 30 to 59. The mean age of the sample was 

49 years. Four participants had specialty training in neurology, four had specialty training 

in rehabilitation, six were primary care providers, and one provider specialized in 

cardiology. 

Instruments. The Alpha-test protocol included two written parallel test cas 

scenarios (TCS) that were devised by the investigator. Each scenario described a different 

patient with ischemic stroke and multiple stroke risk factors, yet each TCS required the 

application of the same CPGs. The first TCS was given to determine participants' 

ba eline docum ntation of guideline-based interventions for secondary stroke prevention 

while u ing tandard CPRS . The second TCS was given to assess participants' 

documentati n of gu ideline-based interventions for secondary stroke prevention while 

u ing the TOP troke Tool . Table 2 lists the guideline-based interventions for 

e ondary troke prevention that should be documented based on the stroke etiology and 

n k fact r pr fil de cribed in the two test case scenarios. 

Two methods w re applied to assess the overall usability of the STOP Stroke 

Tool , n inve tigator-developed questionnaire and one open-ended question. Multiple 

qu tionnair that measure usability of CDSSs are available; however, most are system 

p cific and have not been validated. The Evidence-Adaptive Clinical Decision Support 

(E - D ) U abi lity Que tionnaire, developed by the investigator, measures the usability 
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of an evidence-adaptive COSS. The Questionnaire contains 14 items on a four-point 

Likert scale. Items are scored individually from strongly agree to strongly disagree, 

where 4 = strongly agree, 3 = agree, 2 = disagree, and 1 = strongly disagree. The two 

negatively phrased questions are reverse scored and a summary score is calculated which 

ranges from 14 to 56 points. A content validity index of 1.0 was established among a 

sample of experts during the feasibility study. The Cronbach's alpha of 0.895 was 

achieved for internal consistency during the usability study. The following open-ended 

question was asked to obtain end-users' perceptions on usability facilitators and barriers : 

"Overa ll , how would you describe the STOP Stroke Tool® compared to standard CPRS?" 

Data collection procedure. The protocol began with participants receiving general 

instruction on the Alpha test procedure. Both CPRS and the STOP Stroke Tool® 

prototype w r loaded on a training platform and laptop computer. First, a baseline 

a sc mcnt of each participant's documentation of secondary stroke prevention CPGs 

was obtained. Participants were given 10 minutes to read a test case scenario of a patient 

with hi tory of i chemic troke, and were then instructed to document care for the 

simu lation te t ca e u ing standard CPRS. When each participant completed 

documcntat i n u ing tandard CPRS, the investigator provided the participants a five 

minute training se ion on how to access and navigate the STOP Stroke Tool® prototype. 

Next, ea h participant was given 10 minutes to read the second TCS and was then 

in truct d to document care for the second TCS using the STOP Stroke Tool®. Each 

part icipant wa timed on how long it took them to document care for the simulation test 

ca e while u ing both documentation systems respectively. Upon completion of the 
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Alpha testing session, the usability of the STOP Stroke Tool® was evaluated by each 

participant with the EA-CDS Usability Questionnaire and one open-ended question. 

Data analysis. Alpha test results were entered into the Statistical Package for the 

Social Sciences (SPSS 14.0, 2005) database. The small sample size (N= 15) was 

conducive for analysis using nonparametric statistics. For each of the 11 outcome 

measures, the McNemar Change Test was used to determine if there was a significant 

change in documented CPGs among multidisciplinary stroke care providers using the 

STOP Stroke Tool as compared to their baseline documentation using standard CPRS. 

The McN emar is useful to determine the significance of change in before/after designs 

when a mall number of subjects are used as their own control, and in which the 

measurements are made on a nominal scale (Siegel & Castellan, 1988). 

The number of seconds to document care between the two systems was compared 

using the Wilcoxon matched pairs signed ranks test, a nonparametric equivalent of a 

paired t-t t. Participants' responses on the EA-CDS Usability Questionnaire were 

ana lyz d de criptivcly by computing means, standard deviations, and frequency for each 

individua l que tionnaire item. An overall mean usability score was determined. The 

nonparam tric Kruskal-Wallis one-way analysis of variance was used for analysis of 

parti ipant ' response on the EA-CDS Usability Questionnaire to test for differences 

among type of providers on total usability scores and individual items. Pairwise 

compan n were completed using the Mann-Whitney U test to determine which pairs of 

pr vidcr type differed ignificantly. The p value associated with the exact test, rather 

than the p va lue a soc iated with the asymptotic test was selected because the data set is 
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small and heavily tied. Participants' responses to the open-ended question were tabulated 

and categorized to identify perceived facilitators and barriers to four specific usability 

measures: (a) ease of use, (b) usefulness for clinical practice, (c) efficiency for CPG 

prompting and documentation, and ( d) satisfaction while using the STOP Stoke Tool®. 

Final Phase Alpha-Test Results 

For each of the 11 CPG outcome measures, the McNemar test indicated a 

significant (p S .05) change in providers' documentation in six CPG interventions while 

using the STOP Stroke Tool® as compared to their baseline documentation while using 

standard CPRS (see Table 3). The remaining five outcome measures (antiplatelet therapy, 

hyperten ion med ications, smoking cessation, alcohol reduction, and exercise 

recommendation for inactivity) were consistently documented using standard CPRS by 

12 of the 15 participants. There was a significant change from "no documentation" to 

"documentation" of gu ideline-based care for diabetes. Six providers changed from "no 

documentation" to "documentation" of diabetic medications (p = .031) and seven 

provid r changed from "no documentation" to "documentation" of diabetic dietary 

coun cling (p = .016) . Documentation of guideline-based care for hyperlipidemia was 

significantly changed w ith nine providers changing from "no documentation" to 

"documentat ion" of a statin medication (p = .004). Eight providers changed from "no 

documentation' to "documentation" of diet/exercise prescription for obesity (p = .008). 

The mo t triking change in documentation was in patient education materials and 

patien t elf-management action plans. No providers documented the provision of patient 

education mat rial or elf- management action plans while using CPRS. While us ing the 
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STOP Stroke Tool®, however, all providers changed from "no documentation" to 

"documentation" of patient education materials (p = .000) and from "no documentation" 

to "documentation" of a patient self-management action plan (p = .000). 

Table 3 

Number of Providers That Changed Documentation of Clinical Practice Guidelines 

Using the STOP Stroke Tooz® Compared to CPRS 

CPG Intervention Documentation Documentation Documentation p 

CPRS STOP-ST Change value 

Anti-platelet/coag 14 15 1.0 

HTN medications 13 15 2 .50 

OM medications 9 15 6 .031 * 

M diet couns ling 8 15 7 .016* 

HCL/ tatin agent 6 15 9 .004* * 

making ce at ion 13 15 2 .50 

Reduce alcohol 13 15 2 .50 

BM l -di tic crci e 7 15 8 .008** 

pr gram 12 15 3 .25 

Edu ation materials 0 15 15 .000** 

elf-management 0 15 15 .000** 

PG = clinical practice guideline, CPRS = computerized patient record system, STOP-ST = STOP Stroke 

Tool , HTN= hyperten ion, OM = diabetes, HCL = hi gh cholesterol, BMI = body mass index , 

PI = phy ica l inactivity, *p<.05 , **p<.0 I 
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Time needed to document the providers' encounter note, in both systems, was 

compared. This measure was calculated to establish the baseline time needed for 

documentation while using a new system in comparison to the time needed for 

documentation while using a familiar documentation tool. The mean time needed to 

document care for the first TCS while using standard CPRS was 953 seconds (16: 28 

minutes), and the mean time needed to document care for TCS2 while using the STOP 

Stroke Tool® was 1,3 13 seconds (22:28 minutes). The total difference in time needed to 

document care between the two systems was 360 seconds, or six minutes. The Wi coxon 

igned ranks test indicated a significant (p = .031) difference in time for documentation 

between the two systems. 

Overall usability for the STOP Stroke Tool® was derived from the mean of the 

sum score for ach item on the EA-CDS Usability Questionnaire. Two items were 

revcr e cod d. Out of a possible 56 points, usability was scored high (M = 48.9, SD = 

6. ) ( e Figure 8) The Kruskal-Wallis one-way analysis of variance showed no 

ign ifica nt differences among provider types on total usability scores indicating a 

con en u for high u ability of the tool across all provider types. 

56 I 
T 

42 28 14 

\ 48. 9 _; \__~------- ) \__________ _ ___ ) '----v - -----· - v---- v-
High U ability Moderate Usability Low Usability 

Figure 8. STOP Stroke Tool Usability Score on the EA-CDS Usability Scale. 
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Participants' responses on the EA-CDS Usability Questionnaire were analyzed 

descriptively. All but one respondent (93 %) agreed or strongly agreed that the tool was 

easy and comfortable to use, and that information was easy to find and effective for 

evidence-based decisions, to answer clinical questions, and for considering additional 

patient care problems. All respondents agreed or strongly agreed that the information 

provided by the tool was clear and easy to understand, and that the tool prompted them to 

consider evidence-based decisions. The Kruskal-Wallis one-way analysis of variance 

showed a ignificant difference between provider types on scores for questionnaire items: 

" information provided by the tool was easy to understand" (p = .045) and "the tool was 

effective in helping answer clinical questions" (p = .052). Nurse practitioner and 

physician assistant respondents differed significantly at p = .032 respectively on the two 

item . 

Participant ' responses were overwhelmingly positive to the open-ended question: 

"Overall , how would you describe the STOP Stroke Tool® compared to standard CPRS?" 

Out of a total of92 re ponse phra es, only 17 (18%) were negative in content. Ten of the 

nega tive ly phra ed comments were related to time required to complete the prototype. 

Five were related to font and readability issues, and two were related to personal 

prcfcrenc in documenting patient care processes. Eighty-two percent of participants' 

re pon phra es wer positive in content and support the high usability score obtained 

from the E - D Usability Questionnaire. 

Participants ' r spon es to the open-ended question were grouped and tabulated 

int content ca tegorie to identify perceived facilitators and barriers in four specific 
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usability domains: (a) ease of use, (b) usefulness for clinical practice, (c) efficiency for 

CPG prompting and documentation, and ( d) satisfaction while using the STOP Stoke 

Tool®. Table 4 matches each usability measure with identified facilitator/barrier 

categories and associated participant comments. 

Participants ' comments indicate that the STOP Stroke Tool® was easy to use 

because it provided a systemized structure that was repetitive and leamable with 

continued use. Usefulness was based on many aspects of the tool's functionality. 

Participants liked that the tool facilitated comprehensive care and documentation of all 

the care they provide in the EMR. Participants noted that the automated features ( orders, 

consults, education materials, self-management action plans, and embedded guideline 

reminder ) fac ilitated the provision of complete care that could be communicated to other 

providers . Several participants noted that a similar tool would be helpful in their practice 

pecialty. Two fac ilitators of effici ency were noted: the tool decreases the amount of 

typing r quired to document care and increases access to resources that normally require 

the provid r to look outside their workflow process ( e.g., CPGs and patient education 

materia ls). ati fac tion was fac ilitated in that the tool addressed patient care needs and 

the need of the provider. There was expectant anticipation among several participants 

who a ked when the tool would be available for use . 

Barrier to ea of use revolved around screen readability with several 

participant recommending larger font or color in the template. Participants noted that 

time to complete the tool would limit its usefulness in a busy practice environment. This 

was particul arl y true fo r th e primary care providers who reported having about 20 
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minutes to see a patient. Another perceived barrier to usefulness noted by one participant 

was that the tool limits the providers' choice and the ability to delegate care processes. 

The provider preferred delegating patient education and self-management to nurses. 

Satisfaction with the tool was also limited by time factors. One provider noted it would 

take time to learn how to use the tool. 

Table 4 

Usability Measures, Facilitator/Barrier Categories, and Participant Comments 

Facilitator Category Ease of Use 

Sy temized structure 

Leamable 

"I like the way check-boxes step you along." 

"It was easy to use considering I had little instruction."; 

"I could figure this out quickly after a few times."; 

" . . . would get faster if used often" 
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Table 4 (Continued, 2) 

Usability Measures, Facilitator/Barrier Categories and Participant Comments 

Facilitator Category Usefulness 

Captures documentation 

Automates actions 

Reminder of CPGs 

Comprehensive care 

Continuity of care 

Applicable to other 

pccia lti 

" .. .like the way everything is documented"; " ... will 

get credit for what I'm doing"; " ... don't have to 

remember to document..."; " ... really like automatic 

orders and consultations"; "like automatic education 

materials" 

"It's great to have the guidelines ... ";" ... if you forget, 

you can check the guideline"; "You can't forget 

anything"; "the tool leaves nothing out" 

"need this because patients see a different resident 

every time"; " ... good for continuity of care"; 

" ... like this tool for rehab"; " ... need a cardiac version 

of the tool" 
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Table 4 (Continued, 3) 

Usability Measures, Facilitator/Barrier Categories and Participant Comments 

Facilitator Category Efficiency 

Decreases typing 

Provide easy access to: 

CPG 

Education Materials 

" ... keeps you from having to type all this ... "; "saves 

time if you can't type fast" 

" ... having the guidelines is helpful"; " ... the lipid 

algorithm is great. .. "; " ... guidelines are helpful"; " ... 

education materials are a very nice feature"; 

" ... education materials are great"; " ... helpful to have 

Self-management plan self-management plans"; " ... helps patients solve their 

own problems"; " ... good management tool between 

patient and provider" 

Faci litator Category Satisfaction 

Acccptabil ity 

Address multiple needs 

Anticipated use 

"Excellent tool"; " ... is superior, I would use it"; 

"Great, really good"; "Very nice"; "Very cool"; "Very 

good tool for providers and patients" 

"This is awesome, when do we get this?" 
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Table 4 (Continued, 4) 

Usability Measures, Facilitator/Barrier Categories and Participant Comments 

Barrier Category Ease of Use 

Screen readability 

Barrier Category Usefulness 

Time barrier 

Limits to provider choice 

Barrier Category Efficiency 

Limits d 1 gated processes 

Length of tool 

Barrier ategory Satisfaction 

Time to learn 

" ... the screens makes my eyes get weird"; "should 

use larger font" 

" ... this may take too long"; "Time to complete this 

may be a problem"; "will need a huge amount of 

time to complete this"; "may take too long" 

" ... prevents personalized care"; " ... tool is 

documentation centered, not patient centered" 

" .. . the nurse handles patient education"; "maybe the 

nurse could cover the action plan piece"; "I would 

send a consult to primary care for most of this" 

" I would like the tool to be shorter"; " ... need to 

shorten instructions" 

" ... would have to work with it" 
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Discussion 

Findings from the feasibility study and initial usability study were applied to 

develop and refine the STOP Stroke Tool® prototype. Results from final-phase Alpha 

testing will be incorporated to produce the Beta product. Alpha testing was designed to 

evaluate the functionality of each component of the STOP Stroke Tool® prototype and to 

determine the overall usability of the tool among a sample of multidisciplinary clinicians. 

The predominant functionality feature of the STOP Stroke Tool® is automated prompting 

and documentation of secondary stroke prevention CPGs in the electronic medical record. 

Alpha test results demonstrate that this functionality has been successfully engineered in 

CPRS u ing RD programming and embedded text, check box prompts, drop down 

menu , and automated order sets. 

Fiv of the 11 CPGs were consistently documented in standard CPRS with no 

ignificant change while using the STOP Stroke Tool. The prototype prompted a 

ignificant change in providers' documentation for the remaining 6 of 11 CPGs (55%). 

These re ults may be attributed to providers having access to CPGs while documenting 

care in the EMR. The mo t effective CDSSs are computer based and are incorporated 

into clinician 'routine workflow, and provide actionable recommendations at the time 

and place f dec i ion making (Kawamoto, Houihan, Balas, & Lobach, 2005). 

linical decision making occurs while obtaining patient information in the EMR 

and duri ng the documentation of care. Incorporating CPGs in the STOP Stroke Tool® as 

embedded text and checkbox prompts, facilitates the implementation of CPGs into 
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effective patient management. This functionality supports implementation of evidence 

based practice with the potential to ultimately produce positive patient outcomes. 

There was a significant difference in time needed to document while using the 

STOP Stroke Tool® as compared to time needed to document care while using standard 

CPRS. It is important to note that participants had never seen the STOP Stroke Tool® 

before and only received a five minute overview of the tool prior to using it. During 

interaction with the tool , multiple participants commented that the process would become 

faster with repeated use. In comparison, although time needed to document while using 

the unfamiliar STOP Stroke Tool® took an average of six minutes longer, the quality of 

the note produced by the tool was markedly comprehensive and reflective of thorough 

evidence-based care. This is particularly important in the current regulatory healthcare 

env ironment a provider documentation of guideline-based care is essential for quality 

performance, however, highly time consuming and only occurs about 50% of the time 

(McG lynn ct al. 2003) 

U abi lity of the STOP Stroke Tool® was evaluated among a sample of 

mult idi ciplinary troke-care providers. The initial usability study and Alpha test results 

indica t that the prototype ha been developed with a high degree of usability. The 

involvement of the end-user in the Alpha-testing process is not always a routine practice. 

ome D are not presented to end-users until Beta stage development. However, 

re earch in human computer interaction supports the early involvement of end-users to 

in ur the u ab ility of the release product (Bailey, 1996). A COSS may be perfectly 

architcctcd and function without flaw; but is never adopted in practice because end-user 
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input was overlooked during the development process (Staggers, 2000). To address this 

concern, the investigator has included the perspective of multidisciplinary clinicians 

throughout the Alpha development process. 

Participants ' responses on the EA-CDS Usability Questionnaire and the open

ended question will guide further refinement of the STOP Stroke Tool® Beta product. 

Based on provider perceptions, the vast majority found the tool easy to use, and useful for 

their practice. The one overriding barrier to successful implementation of the tool 

revolved around "time issues." While most participants appreciated that the tool 

decreased the time needed to produce a fully comprehensive note in the EMR, and helped 

them to rem mber all aspects of evidence-based care, a couple of participants (n=2) 

preferred their own method of documentation rather than going through the template. 

Th e participant noted, however, that they often provide guideline-based interventions, 

but do not have time to document everything in their notes. Balancing the personal 

prefi rence of the provider with regulatory requirements for documentation of patient 

care pr e ses w ill be critical fo r successful implementation of the STOP Stroke Tool® in 

clinica l practi ce. 

limitations 

ince Alpha tes ting occurs during early design and development, a small number 

of end u rs (generally six) is sufficient to identify the predominant functionality and 

u abi lity problem of the ystem. (Nielsen, 2003 ; Shneiderman, 2006) However, the small 

ample ize prec ludes the use of random sampling and experimental methods, which may 

intr du c bia . Moreover, Alpha testing results are important to guide furth er 
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development and are not intended for generalization to the larger population. Alpha 

testing is also completed in a controlled setting using simulation test cases; therefore 

some functionality and usability issues can only be tested with clinicians using the system 

in 'real-time' clinical practice. 

Conclusion 

In conclusion, the goals of Alpha testing were met in validating the functionality 

and key usability issues of the prototype. Alpha test results support that the STOP Stroke 

Tool® prompts clinicians on secondary stroke prevention CPGs and facilitates 

comprehensive documentation. Overall, the nurse practitioners, physicians, and physician 

assistants found the prototype to be a usable, and useful evidence-adaptive CDSS. 

Refinements for producing the Beta product will be focused on decreasing the length of 

the tool. Also, the investigator will focus on determining in which practice setting the tool 

is most u eful. One consideration is to develop the Beta product as two processes: one 

template that is completed by the specialist during the initial follow-up visit after stroke 

and a second template completed during subsequent follow-up visits in primary care 
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CHAPTER V 

SUMMARY OF THE STUDY 

Ischemic stroke is a significant contributor to mortality and morbidly in the 

veteran population with approximately 17,000 veterans suffering a stroke annually at a 

cost of $3 15 million dollars per year (VHA Research Allocation Center, 2006). 

Mechanisms are needed within the VHA to implement evidence-based interventions that 

have been shown to reduce stroke risk factors and prevent secondary events. This 

research was focused on Alpha stage development and testing of the STOP Stroke Tool® 

prototype, a clinical decision support tool that guides nurse practitioners and other health 

care providers in evidence-based secondary stroke prevention. 

The conceptual basis for the STOP Stroke Tool was the Knowledge Management 

Model for Clinical Practice (de Lusigna, Pritchard & Chan, 2002). The KM Model 

provided a conceptual framework for the application of computer infom1ation systems to 

improve knowledge and practice. The four domains of the KM model , evidence-based 

practice, information sys tems, clinical audit, and mentorship, represent targeted strategies 

for identifying, organizing, analyzing, and translating knowledge into daily practice. 

Information-center d approaches are focused on improving access and dissemination of 

knowledge and learning-center approaches are focused on strategies that create 

opportunities to accelerate learning. Both approaches culminate to produce improvements 
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in care processes and practice outcomes. Figure 9 illustrates the domains of the KM 

model and the variables evaluated during the final phase of Alpha testing. 

KM Model 
Domain Tested 

Evidence-based practice 
Domain 
Evidence based practices 
compiled into a structured 
format within CPRS to 
improve access to secondary 
stroke prevention CPGs. 

In formation Systems 
Domain 
Information technology is 
applied to di eminate 
secondary troke prevention 

PG at the point of care. 

Independent 
Variable 

STOP Stroke Tool 

Prompts on CPGs and 
automatically 

documents evidence
based interventions in 

the EMR 

Dependent 
Variables 

Functionality 
Participant prompted 

to document 
appropriate 

Secondary Stroke 
Prevention CPGs 

Time needed to 
document 
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Figure 9. Domains of the KM model and variables evaluated during Alpha testing. 

The KM Model domains of evidence-based practice and information systems 

were applied for Alpha stage development and testing. The clinical audit and mentorship 

domai n of the KM Model will guide Beta stage development and testing during the next 

pha e of re earch. Alpha stage development involved the core programming of the STOP 

trokc Tool prototype. Information-centered strategies were applied to improve access to 

know l dge contained in secondary stroke prevention CPGs and to disseminate evidence

ba ed knowledge to clinicians when and where needed most, at the point of care. 
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Evidence-based practices for secondary stroke prevention were identified and 

organized into a structured format within CPRS using RD programming. Information 

technology was applied to create the STOP Stroke Tool® prototype, a decision support 

tool that prompts providers on CPGs for stroke secondary prevention and automates 

documentation of guideline-based care in the EMR. In this final-phase of Alpha testing, 

the independent variable was the STOP Stroke Tool® prototype and the dependent 

variables measured were functionality and overall usability of the prototype. 

Three research questions were explored in addressing two specific aims for the 

tudy. The first specific aim was focused on testing the intended functionality of the 

STOP troke Tool prototype in simulation prior to larger scale testing in clinical 

practice. Two research questions were put forth in addressing this aim. 

1. I th re a change in documented secondary stroke prevention CPGs among a 

ample of multidi sciplinary stroke-care providers using a test case scenario and 

the TOP Stroke Tool® as compared to baseline documentation of secondary 

troke prevention CPGs among the same sample of multidi sciplinary stroke-care 

provider using a tes t case scenario and standard documentation in CPRS? 

2. What i the difference in time needed to document care among a sample of 

multidi ciplinary stroke-care providers using a test case scenario and the STOP 

troke Tool as compared to baseline time needed to document care among the 

ame ample of multidisciplinary stroke-care providers using a test case scenario 

and tandard CPRS? 
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Specific aim two for the study was focused on determining the overall usability of 

the prototype. A third research question was explored to address this aim: 

3. What is the overall usability of the STOP Stroke Tool prototype among a sample 

of multidisciplinary clinicians? 

Summary of the Findings 

Convenience sampling was applied to select a stratified sample (N = 15) of stroke 

care providers to Alpha test the prototype. The sample included five physicians, five 

nurse practitioners, and five physician assistants that provided follow-up care to veterans 

with a hi tory of ischemic stroke. For research question one, core functionality of the 

STOP troke Tool was tested utilizing a before/after design. First, baseline 

docum ntation of secondary stroke prevention CPGs was evaluated among the sample of 

providers using a TCS and standard CPRS. Next, documentation of secondary stroke 

prevention CPGs was evaluated among the same sample of providers using a similar TCS 

and the TOP troke Tool. Encounter notes captured the documentation entered by each 

prov ider while u ing both systems. The encounter notes were compared to a 

corrc ponding "an wer key" that listed the CPGs that should have been documented for 

each T S ba on AHA/ ASA secondary stroke prevention CPGs. 

In an wering the first research question, a significant change ( p<.05) in 

provider ' documentation from 'no documentation of CPGs' while using standard CPRS 

to ' documentation of CPGs' while using the STOP Stroke Tool was observed for 6 of 11 

p mea ures. This finding shows that functionality for automated CPG prompting and 

docum ntation can be successfully engineered in the electronic medical record. 
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Incorporating CPGs in the STOP Stroke Tool® as embedded text and checkbox prompts 

improves access to evidence-based practices and disseminates new knowledge at the 

point of care. 

For the second research question, the time providers needed to document their 

encounter notes using both systems was compared. This measure was calculated to 

establish the baseline time providers needed to document care while using a new system 

(STOP Stroke Tool®) in comparison to the time needed to document care while using a 

fami liar system (standard CPRS). As a dependent variable, 'time needed to documenf is 

a measure of both functionality and usability. From the perspective of functionality, the 

STOP Stroke Tool® requires provider inputs to activate automated CPG prompting and 

documentation functions. However, interaction with standard CPRS does not require 

provid r inputs to initiate guideline-based actions and documentation. When using 

standard CPR , providers initiate and document CPGs of their own volition unaided by 

automated prompting and documentation functions. From the perspective of usability, 

the time ne ded to respond to prompted inputs while interacting with the STOP Stroke 

Tool® may impact usability measures associated with the usefulness of the system, 

particularly in a busy clinical practice setting. 

In an wering the second research question, there was a significant difference in 

' time needed to document' while using the STOP Stroke Tool® as compared to 'time 

need d to document ' while using standard CPRS. Final phase Alpha testing marked 

participants ' fir t interaction with the STOP Stroke Tool®, therefore the significant 

differ nee in ' time needed to document ' whil e using the prototype was not unexpected. 
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Participants received a five minute overview of the prototype prior to using it and 

multiple participants commented that with repeated use, interactions with the STOP 

Stroke Tool® would become faster. In comparison, although time needed to document 

while using the unfamiliar STOP Stroke Tool® took an average of six minutes longer, the 

quality of the note produced by the tool was markedly superior to documentation 

completed while using standard CPRS and reflected comprehensive, thorough evidence

based care. 

For research question three, usability was evaluated with the EA-CDS Usability 

Questionnaire and one open-ended question. The EA-CDS Usability Questionnaire 

includ s 14 items that measure the usability and usefulness of an evidence-adaptive 

CDSS. Items are scored on a four-point Likert scale that range from 4 = strongly agree to 

1 = strongly disagree . The following open-ended question was asked to obtain end-users ' 

perceptions on facilitators and barriers to usability: " Overall , how would you describe the 

STOP troke Tool® compared to standard CPRS?" 

Two negative ly phrased questions were reverse scored and a summary score was 

calculated fo r each respondent. A mean of the summary scores was then obtained to 

calculate the overall usability score. Out of a possible 56 points, overall usability for the 

STOP troke Tool was high (M = 48.9, SD = 6.8). There were no significant differences 

in ummary cores among provider types indicating a consensus for high usability of the 

tool acros all provider types. All but one respondent (93 % ) agreed or strongly agreed 

that the tool wa easy and comfortable to use, and that information was easy to find and 

effective fo r ev idence-based deci sions, to answer clinical questions, and for considering 
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additional patient care problems. All respondents agreed or strongly agreed that the 

information provided by the tool was clear and easy to understand, and that the tool 

prompted them to consider evidence-based decisions. Nurse practitioner and physician 

assistant respondents differed significantly (p = .032) on the two questionnaire items: 

" information provided by the tool was easy to understand" and "the tool was effective in 

helping answer clinical questions". 

Participants' responses were overwhelmingly positive to the open-ended question. 

Out of a total of 92 response phrases, only 17 (18%) were negative in content. Ten of the 

negatively phrased comments were related to time required to complete the prototype. 

Five were related to font and readability issues, and two were related to personal 

preferences in documenting patient care processes. Eighty-two percent of participants ' 

response phrases were positive in content and support the high usability score obtained 

from th A-CDS Usability Questionnaire. 

Participant ' responses to the open-ended question indicate that the STOP Stroke 

Tool was easy to use because it provided a systemized structure that was repetitive and 

lcarnab le with continued use . Usefulness was based on many aspects of the tool's 

funct i nality. Participants liked that the tool facilitated comprehensive care and 

documentation of all the care they provide in the EMR. Participants noted that the 

automat d features facilitated the provision of complete care that could be communicated 

to other providers. Several participants noted that a similar tool would be helpful in their 

practice p c ialty. Two facilitators of efficiency were that the tool decreases the amount 

of typing required to document care and increases access to resources that normally 
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require the provider to look outside their workflow process. Satisfaction was facilitated in 

that the tool addressed patient care _needs and the needs of the provider. There was 

expectant anticipation among several participants who asked when the tool would be 

available for use. 

Barriers to ease of use revolved around screen readability with several 

participants recommending larger font or color in the template. Participants noted that 

time to complete the tool would limit its usefulness in a busy practice environment. This 

was particularly true for the primary care providers who reported having about 20 

minutes to see a patient. Another perceived barrier to usefulness noted by one participant 

wa that the tool limits the providers' choice and the ability to delegate care processes. 

The provider preferred delegating patient education and self-management to nurses. 

Satisfaction with the tool was also limited by time factors. One provider noted it would 

take ti me to l am how to use the tool. 

Implications for Practice 

lpha tage development of the STOP Stroke Tool prototype focused on the 

app lication of innovative software capabilities within the VHA 's Computerized Patient 

Record y tern to translate evidence-based secondary stroke prevention into practice. The 

goal of final pha e Alpha testing were met in validating the functionality and key 

usab ility is ues of the prototype. Alpha test results support that the STOP Stroke Tool® 

prompt clinicians on secondary stroke prevention CPGs and facilitates comprehensive 

docum ntation of evidence-based practices. 
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The work completed to develop and Alpha test the STOP Stroke Tool® informs a 

growing body of knowledge on the use of health informatics for the translation of 

evidence into practice. In the current information age, it is difficult for clinicians to keep 

abreast of the most current guidelines in all aspects of care. This research supports the 

effectiveness of providing evidence-adaptive CDS tools within the EMR to provide 

clinicians immediate access to evidence-based recommendations. Clinicians are more apt 

to use and apply the recommendations for evidence-based care when automatic decision 

support is incorporated as part of their established workflow (Garg et al. , 2005; 

Kawamoto et al. , 2005). 

The involvement of end-users in the development and testing of COSS is critical 

for successful implementation in practice (Osheroff et al. , 2005). The inclusion of end

user ' input throughout Alpha stage development and testing has been successful in 

producing a prototype with high usability. Overall , the nurse practitioners, physicians, 

and phy ician assistants found the STOP Stroke Tool prototype to be a usable and useful 

evidence-adaptive COSS. Much insight was gained on specific aspects of usability from 

end-u r ' re ponses to the open-ended question. 

Fac ilitators of usability were identified that can be applied to refine the STOP 

troke Tool and may help guide development of other CDSSs. End-users noted that a 

y tematic and repetitive format created a leamable tool. Automated features facilitated 

compreh n ive care that can be communicated to other providers . Embedded guidelines, 

patient education, and self-management materials within the COSS increase access to 

re ources that normally require the provider to look outside their workflow process. 
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Satisfaction with CDSS is a balance between patient care needs and the needs of the 

provider. 

The key barrier to usability of the STOP Stroke Tool® prototype was related to 

time requirements. The average time a provider has to spend with a patient during a clinic 

visit is about 15 to 20 minutes. In this short period of time, the provider must complete a 

focused history and physical exam, diagnose health problems, prescribe treatment 

options, and then document the entire process of care he/she completed. The most usable 

and useful CDSS include time saving features for all aspects of care delivery and 

documentation. The STOP Stroke Tool® includes automated features to facilitate time 

saving for the provider: automated guideline prompting, order sets, consultations, patient 

education and self-management materials, and documentation of care processes. Time 

requ irements for providers using the STOP Stroke Tool® were spent reading instructions 

assoc iated with check box prompts and drop down menus. As noted by multiple study 

part icipant , the prototype template was systematic and intuitive, and with repeated use, 

wou Id become quicker to complete. 

Recommendations for Further Research 

Thi study builds upon a planned program of research to develop a COSS for the 

fu ll pcctrum of troke care within the VHA. Results from final-phase Alpha testing will 

be incorporated to produce the Beta product. Refinements to produce the Beta product 

wi II be focu ed on decreasing the length of the tool. One consideration is to develop the 

Beta product a two processes: one template that is completed by the specialist during the 

initi al follow-up vi it after stroke and a second template completed during subsequent 
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fo llow-up visits in primary care. Also, the investigator will focus on determining in 

which practice setting the tool is most useful. 
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Source and System Evidence-base 

Cathain, AO et al Multiple guideline 
(2004). NHS Direct knowledge-bases used 
24 hour telephone to establish algorithm 
advice line with and decision trees. 
computerized decision 
support software to 
aid nurses decisions in 
providing advice for 
various acute and 
chronic conditions. 
Dong, SL (2005). Canadian Triage 
eTRIAGE - a Web- Acuity Scale (CTAS) 
based decision nationally recognized 
support tool to aid standardized written 
nur es decisions in guideline. 
emergency triage. 

Clark, FH (2005). Agency for Health 
The Wound and Skin Care Policy and 
lnte llig nee System Research (AHCPR) -
(WSI ) - developed to CPG for the 
aid nur e deci ions prediction, prevention 
on the pr vention and and treatment of 
management of pressure ulcers. 
pre sure ulc r . 

Outcomes Studied 

Nurses' views on 
using CDSS to 
support decision 
making. 

Triage scores of 
nurses usmg memory 
based triage and 
nurses usmg 
eTRIAGE decision 
support were 
compared to 
consensus triage 
scores of a blinded 
expert panel. 
Nurses' perceived 
benefits and baniers 
Implementation 
strategies, and 
Nurses' knowledge 
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Study Conclusions 

Nurses saw both the 
nurse and the software 
as essential to the 
decision-making 
process. Viewed the 
nurse as an active 
decision maker and 
CDSS as a support 
tool. 

There was significant 
discrepancy by nurses 
using memory based 
triage compared to 
CDSS triage tool 
method. 

Perceived barriers: 
lack of administrative 
leadership, lack of 
time to learn new 
CPGs, and 
technological 
deficiencies. 
Perceived benefits: 
increases in 
interdisciplinary 
communication, 
increase in identifying 
management of 
pressure ulcers, use of 
CPG information, and 
improved care 
consistency. 



Eley, D (2005). The 
T oowoomba Adult 
Triage Trauma Tool 
(TATTT) - a 
computerized 
algorithmic decision 
support tool to aid 
nurses' decisions in 
triage assessment and 
categorization 

Source and System 

Fitzmaurice, DA 
(2000). The 
Anticoagulation 
Manag ment 
Support System -
developed to guide 
nur ' deci ions on 
Warfarin dose 
adj u tments. 
Ziel torff, RD 
(1997). The 
Pre ure U leer 
Pr vcntion and 
Ma nagement 

y tcm - de igned 
to upport nur e in 
deve lopment of 
pa tient pcc ific , 
cv idcnce-ba ed 
trca tm nt plan for 
pati ent who have 
pr ure ulc r or 
arc at ri k for 
d ve loping them. 

The Australasian 
Triage Scale (ATS) 

Evidence-base 

The British Society 
of Haematology 
Oral 
Anticoagulation 
CPG. 

AHCPR CPG for 
prevention and 
management of 
pressure ulcers 

1) Perceptions of the 
TATTT as a CDSS 
tool for triage. 
2) Perceptions of the 
suitability of various 
simulations developed 
for testing . 
3) Perceptions of the 
educational materials 
and training used. 

Outcomes Studied 

1) Primary outcome 
was INR control. 
2) % time spent in 
target INR range 
3) adverse events 
4) Cost analysis 

Acceptability of 
system to 
instructional and 
content experts and 
nurse-users. 
Improvement in 
nurses' knowledge 
on management of 
pressure ulcers and 
clinical decision
making. 

T ATTT provided 
clear direction in the 
triage assessment, 
process, increased 
confidence in 
decisions making, was 
comfortable to use in 
clinical practice. The 
simulation testing and 
education materials 

A nurse-led clinic 
that includes onsite 
blood test and 
CDSS to support 
decisions on 
warfarin dose 
adjustments is as 
effective as a 
hospital clinic. 
A 21-week exposure 
to the Pressure 
Ulcer Prevention 
and Management 
System did not 
improve nurses' 
know ledge of 
pressure ulcer 
management or 
clinical decision
making. 
Instructional and 
content experts and 
nurse-users rated the 
system favorably 

N t . From Ander on, J.A. & Willson, P. Clinical decision support systems in nursing: 
ynthc i of the cience for evidence-based practice. CJN: Computers, Informatics, 

Nur ing, 26(3), 151- 158 . (2008). Reprinted with permission. 
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EA-CDS Evidence-Adaptive Clinical Decision Support Questionnaire 
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statement. 

THANK YOU FOR AGREEING TO EVALUATE 
THE Self-management TO ~revent (STOP) Stroke 
Tool. Please provide your input on how easy or how 
hard you thought it was to use the STOP Stroke 
Tool®. 

On the following page there are 14 statements 
about the STOP Stroke Tool®. Please rate how 
strongly you disagree or agree with each 

I have developed a scale for you to use to rate your response to each 
statement. 

1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree. 

The following is an example of the rating 
scale: 

Please circle your response __ 1 ____ 2 __ ..-3,(_~ _____ 4 __ 

...... ................................................................... 

Before you begin the questionnaire please complete the following 

information: 

I am ___ years of age ___ I am a male 
__ I am a Physician ___ I am a nurse practitioner 

My area of clinical specialty is: 

___ I am a female 

I am a nurse ---

___ Neurology Rehabilitation --- ___ Medicine 

___ Emergency Medicine Other ---

dapt d from the Computer Decision Support Usability Questionnaire (Chin, Sosa & O'Nei ll , 2006). 
omputer, Informat ics, Nursing, 24( 4), 2 I 4-2 I 9. 
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Self-management TO ~revent (STOP) Stroke Tool 
Usability Questionnaire 

>- ~ ~ ~ >- ~ - ~ ~ ~ - ~ 0) L L L 0) L 
C O"I O"I 0) C O"I 
0 0 0 ~ ~ ~ L Vl -~ ~ ·- ~ 

V) C) C) V) 

1. Overall the tool was easy to use. 1 2 3 4 

2. I felt comfortable using tool. 1 2 3 4 

3. The information provided by the tool 1 2 3 4 
was clear. 

4. It was easy to find the information 1 2 3 4 
that I needed while using tool. 

5. The tool was effective in helping me 1 2 3 4 
make evidence-based clinical 
decisions 

6. The information provided by tool was 1 2 3 4 
easl to understand. 

7. The tool was effective in helping me 1 2 3 4 
answer clinical guestions. 

8. The tool screens were easy to read. 1 2 3 4 

9. The tool prompted me to consider 1 2 3 4 
evidence-based interventions. 

10. The tool used unfamiliar terminology. 1 2 3 4 

11. The tool recommended patient care 1 2 3 4 

interventions that I had not 

considered. 
12. The tool helped me to consider 1 2 3 4 

additional atient care roblems. 

13. The tool did NOT help me answer 1 2 3 4 

atient care roblems. 

14. I would use the tool in clinical 1 2 3 4 

ractice. 

dapt d from the omputer Dec ision Support Usabili )Y Questionnaire (Chin , Sosa & O'Neill , 2006). 
omputer, Informatics, Nursing, 24(4), 214-2 19. 
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Alpha Test Protocol 

□ Log into Test account 

□ Enter vitals on both cases 
# l Rumpel BP 158/76 Pulse 75 

#2 Tingler 

Wt. 236 Ht. 5' 11" 

BP 160/90 
Wt. 242 

Pulse 75 
Ht. 72" 

□ Open two sessions of CPRS Train 

D When participant arrives, make comfortable. 

□ Read script to explain procedure: 

Resp 12 
BMI 33 

Resp 12 
BMI 32.89 

Temp 98.6 

Temp 98 .6 

Hi, thanks for agreeing to participate in our study today. I would like to read 
this script to you in order to standardize the testing procedure. Today we would 
like you to alpha test a new Stroke tool that we are developing for CPRS. First, 
we will provide you with 10 minutes to read a test case scenario. Then, we would 
like for you to document your plan and assessment as you normally would in the 
test CPRS session that I have opened. (We are not using real patients and this 
will not create an actual note in CPRS. The note will remain on the testing 
server.) Feel free to ask questions about the test case scenario, and I will be 
happy to repeat details from the scenario if needed (since you would usually 
have a patient in front of you). Let me know when you have finished, and I will 
save your note, and we will begin the second part. 

When you are ready, I will give you a second scenario to read, and ask you to 
document your plan and assessment with the STOP stroke tool. You will use the 
econd session that I opened in CPRS. Make sure that you read each item in the 

tool and check every box that is applicable to the scenario. Again, I will repeat 
details from the scenario while you are documenting if it is helpful. When you 
have finished, I will save your note. Both sessions will be timed, not to see how 
fa t you can complete the note, but to get an idea how long it will take clinicians 
to learn a new tool for documentation purposes. After you have finished 
documenting both cases, we will ask you to fill out a short questionnaire and will 
ask you to how you would describe the STOP Stroke Tool compared to standard 
CPRS? Again, we thank you for your time and appreciate your help in the 
development procedure of this tool. 

□ G t informed consent document signed 
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Test Case #1 
I. Give participant I st case scenario and allow IO minutes to read. 
2. Activate I st session of CPRS 
3. Instruct participant to open documentation system they normally use and to 

disregard lab values that are already populated in CPRS and follow labs in test 
case. 

4. Remind participant to ask questions for clarification on case scenario as they 
document since they would usually have a patient in front of them 

5. When participant begins to document, start timing until documentation is 
complete. 

6. Copy the participant's completed notes into Word file and identify 
(#l_PA_TCSl) and save into folder. 

Test Case #2 
1. Give participant 2nd case scenario and allow 10 minutes to read. 
2. Activate STOP Stroke tool 
3. Instruct participant to documentation their assessment and plan using the 

STOP Stroke tool. 
4. Remind participant to read prompts and to not skip appropriate checkboxes. 
5. Timekeeper will document number of verbal cues required to complete 

template. 
6. Remind participant to ask questions for clarification on test case scenario as 

they document since they would usually have a patient in front of them. 
7. When participant begins to document, start timing until documentation is 

complete. 
8. Copy the participant's completed notes into Word file and identify 

(# l_PA_TCS2) and save into folder. 
9. Administer EA-CDS 
JO. Write number on Questionnaire (#l _PA) 
11 . A k open ended question and document answer on back of EA-CDS 

110 



APPENDIXD 

Test Case Scenarios 

111 



Test Case Scenario # 1 Rumpelstilskin (1327) 

History of Present Illness 
Mr. Rumpelstilskin is a 61 year old white male who is status post cardio-embolic large 
vessel stroke 3 months ago resulting from atrial fibrillation and emboli to the right middle 
cerebral artery for which he received rtP A. He is on anticoagulation therapy with 
warfarin 5mg daily. He completed 4 weeks of inpatient rehabilitation and has recovered 
independence with ADL despite mild residual left facial droop, and mild left hand, arm 
and leg weakness. He uses a cane for ambulation and denies falls. This is his first follow
up visit since his stroke. 

CC: Mr. Rumpelstilskin reports he is doing well and denies any new symptoms of stroke 
including sudden onset unilateral weakness, numbness, changes in speech or vision, 
difficulty walking or with coordination, confusion or severe headache. He is taking 
medications as prescribe. He reports no significant problems. 

Current Medical Diagnosis 
CVA 
Atrial Fibrillation 
Hypertension 
Diabetes - Type 2 
Hyperlipidemia 
Depres ion 
Ga troesophageal Reflux 

Other Vascular Risk Factors 
Obesity 
Physica l Inactivity 

lcoho l Dependence 
moking 

Social History 
H live with his wife and reports no difficulties with activities of daily living. 

moke 2 packs of cigarettes daily x 30 years - has cut back to one pack and reports 
difficulty with nicotine withdrawal 
Drink a six pack of beers daily - reports difficulty quitting and dependence on alcohol 

Deni illegal drugs 
Deni regularly exercise - although is interested in learning how to exercise regularly. 
H would like to start walking. 
Denie following diabetic or low fat dietary recommendations and is interested in dietary 
counseling to lose weight and to better manage his diabetes. 
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Medications 
W arfarin 5mg tablet by mouth daily 
Lisinopril 10 mg tablet ½ by mouth daily 
Metformin 500 mg tablet by mouth twice daily · 
Aripiprazole 5mg tablet by mouth at bedtime 
Citalopram 40 mg,½ tablet by mouth every morning 
Sildenafil 100 mg, one tablet by mouth 30 to 60 minutes before intercourse 
Trazodone 100, mg one tablet by mouth at bedtime 
Reports difficulty remembering to when to take his blood pressure medication 

Vital Signs 
Blood Pressure 158/76, Pulse 75, Respirations 12, Temperature 98.6, 
Weight 236 lbs, Height, 5ft. 11 in., BMI 33 
Last 3 - blood pressure values are 166/88, 170/82 and 160/90 

Physical Exam 
Obese adult male in no acute distress 
LUNGS: CTA Bilateraly 
CV: Sl/S2 with regular rate and rhythm, no murmurs, rub, gallops, no carotid bruits 
CN: PERRLA, EOM-Ix6, no nystagmus, VF full LT intact Vl-3 , mild right facial 
weakness, hearing equal to finger rub, palate symmetric, uvula and tongue midline, 
SCM/Trap 5/5 . 
MOTOR: normal bulk & tone 

-Power 4/5 Left - Del/Bic/Tr/Br/WE/WF/FE/FF/ 1/Glut/Quad/Ham/DF/PF 
5/5 Right - Del/Bic/Tr/Br/WE/WF/FE/FF 1/Glut/Quad/Ham/DF/PF 

SENSORY: LT, PP, Vib, Position sense intact x 4 
Rhomburg negative 
GAIT: Steady, compensatory step and arm swing due to left side weakness. 
Did not test toe, heel , and tandem 
DTR : 2+ and = at B/Br/T /P/ A no patholologic reflexes 
Di tal Pul es: 2+ at B/R/F/P/DP/PT 

Diagnostic Workup 
V CULAR ULTRASOUND showing mild stenosis Rand L Internal Carotid Arteries 
CT AN - showing acute stroke R MCA distribution, no evidence of hemorrhage 

Lab Values 
PT/INR - at discharge 
Hemoglobin AlC, 7.3 % 
Lipid Profile - in hospital 3 months ago was: 
LDL - 130 mg/di 
HDL - 40 mg/dl 
Triglycerid s - 120mg/dl 

Plea e document your assessment and treatment plan for the patient presented in the 

above case cenario. 
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Test Case Scenario # 2 - Tinglefritz 5879 

History of Present Illness 
Mr. Tinglefritz is a 60 year old African American male who is status post large vessel 
stroke 3 months ago resulting from a clot in the left middle cerebral artery for which he 
received rtP A. He completed 4 weeks of inpatient rehabilitation and has recovered 
independence with ADL despite mild residual right facial droop, and mild right hand, 
arm and leg weakness. He uses a cane for ambulation and denies falls. This is his .first 
follow-up visit since his stroke. 

Chief Complaint 
Mr. Tinglefritz reports he is doing well and denies any new symptoms of stroke including 
sudden onset unilateral weakness, numbness, changes in speech, vision, difficulty 
walking or with coordination, confusion or severe headache. He reports no significant 
problems. 

Current Medical Diagnosis 
CVA 
Hypertension 
Diab tes - Type 2 
Hyperlipidemia 
Depre ion 
Ga troesophageal Reflux 

Other Vascular Risk Factors 
Obe ity 
Phy ica l Inactivity 
Alcohol D pendence 
Smoking 

Social History 
He !iv s with his wife and reports no difficulties with activities of daily living. 
Smokes a pack of cigarettes daily x 40 years and reports he is ready to quit smoking but 

i hav ing difficulty. 
Drink 4 - 12 oz beers daily and reports he would like to cut back because beer is making 
him gain weight. He denies dependence on alcohol. 
Denies illegal drugs 
Denies regularly exercise and reports he is interested in learning how to exercise 
regularly. He reports he would like to walk daily. . 
Denie following diabetic or low fat dietary recommendations and reports he gets 
confu ed about what to eat to lose weight and to manage his diabetes 
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Medications 
Aripiprazole 5mg tablet by mouth at bedtime 
Citalopram 40 mg,½ tablet by mouth every morning 
Hydrochlorothizide 25 mg, one tablet by mouth daily 
Glipizide IO mg, one tablet by mouth two times daily 
Sildenafil I 00 mg, one tablet by mouth 30 to 60 minutes before intercourse 
Trazodone 100, mg one tablet by mouth at bedtime 
Reports difficulty remembering to when to take his blood pressure medication 

Vital Signs 
Blood Pressure 160/90, Pulse 75, Respirations 12, Temperature 98.6, 
Weight 242 lbs, Height, 72 in. BMI 32.89 
Last 3 - blood pressure values are 112/80, 152/93, 158/86 

Physical Exam 
Obese adult male in no acute distress 
LUNGS: CTA Bilateraly 
CV: S 1 /S2 with regular rate and rhythm, no murmurs, rub, gallops, no carotid bruits 
CN: PERRLA, EOM-Ix6, no nystagmus, VF full LT intact Vl-3, mild right facial 
weakness, hearing equal to finger rub, palate symmetric, uvula and tongue midline, 
SCM/Trap 5/5 
MOTOR: normal bulk & tone 

-Power 5/5 Left - Del/Bic/Tr/Br/WE/WF/FE/FF/ 1/Glut/Quad/Ham/DF/PF 
4/5 Right - Del/Bic/Tr/Br/WE/WF/FE/FF 1/Glut/Quad/Ham/DF/PF 

SEN ORY: LT, PP, Vib, Position sense intact x 4 
Rhomburg negative 
GAIT: Steady, compensatory step and armswing due to right side weakness turning. 
Did not tes t toe, heel, and tandem 
DTR : 2+ and = at B/Br/T/P/A no patholologic reflexes 
Di ta l Pulses: 2 at B/R/F/P/DP/PT 

Diagnostic Workup 
V ULAR ULTRASOUND - showing mild stenosis Rand L Internal Carotid Arteries 

T N - howing acute stroke L MCA distribution, no evidence of hemorrhage 

Lab Values 
Hemoglobin A IC - 8.0 % 
Lipid Profile - in hospital 3 months ago was: 
LDL - 130mg/d1 
HDL - 3 lmg/dl 
Triglycerides - 149 mg/dl 

Plea e document your assessment and treatment plan for the patient presented in the 
above case scenario using the STOP Stroke Tool. 
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Self-Management Action Plan 
You asked the patient to pick one action to work on to reduce his risk of stroke. He 
reported he would like to get more physical activity. You instructed the patient to make a 
specific plan on how he would get more physical activity for the next three week. The 
patient specific plan was 
WHAT- Walk 
HOW MUCH - 2 time around the block 
HOW OFTEN - 3 time a week 

On a scale of 1 - 10 ( 10 = very confident and I= not at all confident) his level of 
confidence is 7. 

1 I 6 



APPENDIX E 

Proof of Manuscript Submission 

117 



-----Original Message-----
From: em.cin.O.eaf68.4ded5a32@editorialmanager.com 
[ mailto :em. cin. 0. eaf68 .4ded5a3 2@editorialmanager.com] On Behalf Of CIN 
Sent: Thursday, October 30, 2008 4:38 PM 
To: Anderson, Jane 
Subject: CIN Submission Confirmation for Prototype to Practice: Developing and Testing 
a Clinical Decision. Support System for Secondary Stroke Prevention in a Veterans 
Health Care Facility 

Oct 30, 2008 

Dear Associate Director, Stroke Center Anderson, 

Your manuscript, "Prototype to Practice: Developing and Testing a Clinical Decision 
Support System for Secondary Stroke Prevention in a Veterans Health Care Facility," has 
been received by the CIN editorial office. It will be reviewed for technical requirements 
(abstract and keywords in the body of the manuscript, receipt of handwritten signatures 
on copyright transfer forms for all coauthors, references in AMA format) and if these 
requirements have been met it will be assigned to an editor. 

When the manuscript is assigned an editor, it also receives a manuscript number. The 
editor will evaluate the manuscript and invite peer reviewers within 2 to 4 weeks after 
ass ignment. 

When two sets of review comments have been received, typically within 10-12 weeks of 
invitations, the manuscript and comments will be evaluated by an editor and a decision 
w ill be made. Processing cycles from initial submission to editorial decision average 
about J 6 weeks, sometimes longer, depending on length of peer and editorial reviews. 

You can check on the status of your article at any time by logging on to the CIN Editorial 
Manager Web site as an author. 

When an editor takes on the preliminary manuscript review for assignment to peer 
reviewers, tatus changes to "With Editor" ; when reviewers are invited or assignments 
have been accepted, status will change to "reviewer invited" or "under review," 
re pectively; and when the required number of reviews (2) is received by the editorial 
office, tatus will become "required reviews complete." 

Your u emame is: 
Your password is: 

118 



Please be assured that although sometimes review cycles take longer than average, the 
editorial staff does everything in its power to return timely author's reports. Although we 
do not issue regular status updates by e-mail, we are actively working with your 
manuscript. 

If you have not yet sent the signed copyright forms for all authors, please do so at your 
earliest convenience. Manuscripts will not be sent on to. review until a properly signed 
CTF is received. 

If you have questions, please contact us by reply e-mail or via the "Contact Us" link at 
the Web site. 

Thank you for choosing Computers, Informatics, Nursing as a publication venue. 

Susan 

Susan Shropshire 

Comput rs, Informatics, Nursing 

119 



APPENDIX F 

Copyright Approval Letter from CJN: Computers, Informatics, Nursing 

120 



",1;u:1/•1 

~=~)_ Wolters Kluwer 
Heal~h 

10/ 18 / C-8 

5 415 MAPLE S'I' 

HOUS TON , TX 77096 -1 228 
ll, ,, ll ,.,lll,,,l ,l,,,ll,i111ll11l,l1,l ,ll,,·l,111ll,l,l,,,l,II 

INVOICE AND CONDITIONS 

I~vcice # 853331930 Customer# 000158607489 
Re : , ' COMPUTE:RS IN NSG 

FEE : Q. 00 

Spec: l-i21t. : 2 008 : 26(3) ,l:,1 -15H for diser t.ation 
c·,):np .i'n r:ri.r ~ing · · 

Pe r~i ss i on is granted for your requested use. Please sign and date t h is 
fcrm and re turn with payme n t (if appl icable) in the enclosed envelope . 
Ple2;se retai n a ccpy fo r your- files . This permission is subject to th e 
follo wing condi t ions : 

l, ;.,_ c:redit line will b e promi nently p laced a.n,d inc l ude : f er books - thE; 
au t.trnr(s) , t .itle of book , e d itor, ccpyr iqht holde r , yecr o f publication ; 

~~~b~;~r~1
: !~e - n~~~e:u:~ ~ r {~~iu:~.~!\~~e:~ticle, title of journal , volume 

2) Tt£ reques t er warrant5 that the nmte~ia l ahall n o t be us ed in any ma nn e r 
which may be considered deroga t ory t o th~ titli, conte nt , or aut;ors of 
1~h~ ma t.e .r i a l or to Lhli:J . 

1 1 rer~issio n is g r anted for o ne time use o nly a5 specified in your 
coLres~ond e nce . Rights here in d o not apply to future reproduct i ons , 
0ditions , r e visions , o r o ther d e rivative works . 

4l r~rmi ssion granted is non-exclusive , and is va l id t h roughout t h e world 
in the Eng l is h l anguage only . 

S) LW~ can no l s upply t he r e q ueslor wi t h the orig i na l ar twork or 
a " cL:a n copy. " 

E) The reguesto r agrees to secure writ ten pe r mission from the au t hor (for 
bnnk m;i tP r i a l o nly). 

7) Permission is va l id if the bor r owed IT':a.te,:icJ i s ori.9 inaL co a LWW irnprir-, t 
1Lippincott-Raveri Publi she r s , Williams & Wi l kins , Lea & Febiger , Harwal, 
Tga~u-Sho i n , Rap id Science , Litt l e Brown & Company , Harper & Raw Medical, 
American J ou r na l of Nursing Co , an d Urban & Schwa rz enbe rg - Engl ish La nguage ) 

n ) Pa.ymE·n t can be made via c redi t card (Amex , Vl SA, Discover and MC) 

""" by check . 

91 1f you opt no t t o use t h e materia l reque s ted above , p lease n o tify 
~WH with in 90 days of t~ e original invoi ce dat e . Please note after 
90 da ys , LWW wil l not cance l /c r edit your r e q uest wh i ch wi ll r e s ul t 
i ~Lo a co ll ectio ns issue. 

car d fi. _____________________ Exn Date : 

Si-Jna t .,r ·' , ,9dffl//,..~ --
12 l 

Da t e : ...... /Q/~8/r.2-060 




