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ABSTRACT 
 
 

COLLEEN COLETTA BURGESS. Comparison of the effectiveness of traditional 
nursing medication administration with the Color Coding Kids system in a sample of 
undergraduate nursing students. (Under the direction of Dr. J. ALLEN QUEEN) 

 

 
 

The problem of medication errors in hospitals and the vulnerability of pediatric 

patients to adverse drug events (ADE) was investigated and well substantiated. The 

estimated additional cost of inpatient care for ADE’s in the hospital setting alone was 

conservatively estimated at an annual rate per incident of 400,000 preventable events 

each incurring an extra cost of approximately $5,857. 

The purpose of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids (CCK) system (developed 

by Broselow and Luten for standardizing dosages) to reduce pediatric medication errors. 

A simulated pediatric rapid response scenario was used in a randomized clinical study to 

measure the effects of the CCK system to the traditional method of treatment using last 

semester nursing students. 

Safe medication administration, workflow turnaround time and hand-off 

communication were variables studied. A multivariate analysis of variance was used to 

reveal a significant difference between the groups on safe medication administration. No 

significant difference between the groups on time and communication was found. 

The researcher provides substantial evidence that the CCK system of medication 

administration is a promising technological breakthrough in the prevention of pediatric 

medication errors. 
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CHAPTER 1: INTRODUCTION 
 
 

An overview of the magnitude of the problem of medication errors in the acute- 

care hospital setting in the United States is presented. System efforts to develop solutions 

to the problem of medication errors and healthcare reform to address errors are discussed. 

Solution seeking clinical decision support technology (CDSS) and specifically the 

Broselow-Luten Color Coding Kids system (CCK) provides promise of one of the 

solutions to medication administration errors. The CCK system is described. 

In 2000, Members of the Institute of Medicine (IOM) Committee on Quality of 

Health Care in America, published a ground breaking report, To Err is Human: Building 

a Safer Health System. The authors of this report provided the first of a series exposing 

serious concerns about patient safety in the American health care system. As a subset of a 

larger report in 1998, the Committee members initiated projects to improve the quality of 

health care in the subsequent ten year period. Revealed in the first report was the fact that 

“tens of thousands of Americans die each year from errors in their care and hundreds of 

thousands suffer …. “(p. 2) due to such mistakes. Healthcare workers had been 

challenged to foster quality and accountability, and develop research for areas of concern 

identified in the healthcare system. 

As an outspoken advocate for patient safety and champion of healthcare reform, 

Dr. Lucian Leape (1994) introduced a paradigm shift in the way in health care 

professionals think about patient safety, “Errors must be accepted as evidence of system 
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flaws, not character flaws. Until and unless that happens, it is unlikely that any 

substantial progress will be made in reducing medical errors” (p. 1851). Hopefully, 

removing the cloak of secrecy, blame and finger pointing, healthcare providers will work 

collectively to resolve system problems. 

Prior to the IOM investigations, Dr. James Broselow, a nationally renowned 

emergency pediatric physician, distressed about the incidence of real life pediatric 

emergency errors through his clinical practice, developed a method of handling pediatric 

medication preparation and administration in highly stressful emergency situations in a 

systematic way. Children are particularly vulnerable to medication errors due to the 

necessity of calculating medication dosages based on body weight. In many emergency 

situations healthcare professionals find great difficulty weighing the child. 

In 1986, encountering several critically ill children, Dr. Broselow discovered that 

a child’s ideal lean body weight corresponded accurately with body length and thereby 

created the Broselow tape. Professionals use the tape to measure the length of the child 

and provide an accurate estimation of weight. Given lengths correspondingly to color 

zones can be used to provide a guideline for treatment until the patient can be weighed 

(DeBoer, Seave, & Broselow, 2005). Dr. Broselow later teamed with Robert Luten, MD, 

to create a color-coded system for pediatric emergencies CCK SYSTEM. Currently, Dr. 

Robert Luten, nationally recognized for the development of the Pediatric Advanced Life 

Support (PALS) in concert with Dr. Broselow, developed this clinical decision support 

technology. 

At a national level, members of the IOM (2000) reviewed hospital data and 

reported the frequent occurrence of medication errors. Initial studies were based on data 
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from the Harvard Medical Practice (Brennan, Leape, Laird, Herbert, & Localio et al., 
 

1991) and the Utah and Colorado Medical Practice Study (Classen, Pestotnik, Evans, 

Lloyd, & Burke, 1997; Thomas, Studdert, Burstin, Orav, & Zeena, 2000) revealed 

medication errors as the most prevalent errors in hospitals. Estimates published from the 

IOM (2000) of the incidence of fatal medical errors were reported as high as 98, 000 

annually. 

Phillips et al. (1998) reviewed US death certificates and reported a two and a half 

fold increase in medication errors during a ten year period from 1983 to 1993. These 

researchers uncovered a rise in medication errors from 2,876 deaths per year in 1983 to 

7391 in 1993. In a separate investigation by Bates et al. (1995), an analysis of 4,031 

medication orders written by physicians at two teaching hospitals, identified 247 adverse 

drug events (ADEs) injuries related to medication and 194 potential ADEs were 

identified. 

The second part of the (IOM) report, Crossing the Quality Chasm: A New Health 

System for the 21st Century was released in 2001, and viewed as an agenda for reforming 

the health care system. The Committee challenged all health care constituencies from 

policymakers, providers, administrators, purchasers, regulators, management and 

consumers, to commit to six aims for improving the quality of care to unparalleled levels: 

safety, effective, patient-centered, timely, efficient, and equitable care. In addition to the 

six aims, the IOM (2001) researchers outlined the following challenges for health care 

organizations: redesigning care processes; effective use of technology; managing clinical 

knowledge; developing effective teams, coordinating care; and developing outcome 
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measures for performance. The overarching intentions were aimed at providing 

exemplary healthcare practice. 

By 2004, representatives from the Kaiser Family Foundation in collaboration with 

the Agency for Healthcare Research and Quality [AHRQ] and the Harvard School of 

Public Health conducted The National Survey of Consumers’ with Patient Safety and 

Quality Survey. Representatives from the organizations worked together to develop the 

questionnaire and analyze the results. Representatives of this collaborative conducted a 

survey by telephone from July 7 to September 5, 2004. Using a randomly selected 

national sample of 2,012 adults 18 years or older, interviews were conducted in English 

and Spanish. The data analysis revealed 34-40% of the individuals surveyed reported 

having experienced medical errors, of which 28 percent were medication errors. The 

prevention of medication errors in the acute care settings was a key priority. The Patient 

Safety and Quality Healthcare Publication in (2008) details an estimated 1.5 million 

preventable medication errors that occur each year which result in adverse drug events 

(ADEs). Barker, Flynn, Pepper, Bates, & Mikeal (2002) reported one of every five doses 

administered by nurses was in error at a rate of 19% in a study of 36 facilities. 

In response to the first IOM (2000) report, Congress enacted legislative action, 

The Patient Safety and Quality Improvement Act of 2005, passed by both the House of 

Representatives and the Senate due to the growing concerns about patient safety in the 

US AHRQ (2005). Congress intention in this act was to encourage health providers to 

report, and trend data and glean information to improve patient safety to reduce the 

incidence of events that adversely affect patients and development of Patient Safety 
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Organizations (PSOs) that can work with clinicians and health care organizations to 

reduce risks and hazards associated with patient care. 

Steady progress has been made since the passage of the Patient Safety and 
 

Quality Improvement Act of 2005. In 2007, the (IOM) Committee released another report, 

Preventing Medication Errors, investigating adverse drug events (ADE) in US hospitals, 

not accounting for other health care settings. The estimated additional cost of inpatient 

care for these ADE’s in the hospital setting alone was conservatively estimated at an 

annual rate per incident of 400,000 preventable events each incurring at an extra cost of 

approximately $5,857. “In 1993 that amount yielded $2.3 billion and a reported increase 

of, $3.5 billion dollars by 2006.” (IOM, 2007, p.5) 

At best, the reported error rates in hospitals are conservative and are dependent 

upon the methods utilized to report the errors. Bates et al. (1995a) utilized the most 

comprehensive detection method and yielded the highest reported error rates. These 

scientists found 1,400 prescribing errors per 1000 patient admissions which suggest 

approximately 0.3 prescribing errors per patient per day. Narrowing the focus of ADE’s 

to the pediatric population (Kaushal et al., 2001) using methods similar to Bates et al. 

(1995a) discovered 405 prescribing errors per 1000 patient admissions or 0.1 errors per 

patient per day occurring in the pediatric population alone. Kaushal et al. (2001) reported 

19.5 % of the errors were deemed serious and preventable. According to Payne, Nichol, 

Hoey, & Savarino (2002) error reporting rates are as low as 5%. Knowledge of 

medication errors is vital to prevention. 

According to AHRQ (2002) committee members, medical errors are one of the 

leading causes of death and injury in America. Pediatric patients are particularly 
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vulnerable to adverse events. The occurrence of ADE’s for hospitalized children were 

comparable to rates for hospitalized adults but the rate for potential adverse drug events 

was three times higher in children, and substantially higher in the neonatal intensive care 

units. 

The problem of medication errors in hospitals and the vulnerability of pediatric 

patients to ADEs has been well substantiated (Bates, et al. 1999; [AHRQ] ,2002; Cohen, 

2000; Ferranti et al.2008; Fortescue et al, 2003; Fox, G. 1996; Han et al. 2005; Koren & 

Haslam,1994; Kaushal et al. 2001; Kozer et al. 2002; Le, Nguyen, Law, & Hodding, 

2006; Miller, Elixhauser, & Zham, 2003; Leonard et al., 2006; Otero, Leyton, Mariani, & 

Cernadas 2008; Sharek et al. 2006; Slonim, LaFleur, Ahmed, & Joseph, 2003; The 

United States Pharmacopeia, 2004; Woods, Thomas, Holl, Altman, & Brennan, 2005). 

There is promising evidence that clinical decision support systems may prevent or reduce 

the incidence of  human error in the process of nursing medication administration 

(Bergman, & Fors, 2008; Carter, 2002; Casalino et al., 2003; IOM, 2001; Davidhizer & 

Lonser, 2003; Del Beccaro, Jeffries, Eisenberg, & Harry, 2006; Ferranti, Horvath, Cozart, 

Whitehurst & Eckstrand, 2008; Hillsden & Fenton, 2006; Holdsworth et al., 2007; 

Johnston et al., 2004; Kawamoto, Houlihan, Balas, & Lobach, 2005; Killelea, Kaushal, 

Cooper, & Kuperman, 2007; King, Paice, Rangrej, Forestell, & Swartz, 2003; Kozer, 

Scolnik, MacPherson, Rauchwerger, & Koren, 2005; Mahoney, Berard-Collins, 

Coleman, Amaral, & Cotter, 2007; McMullin et al., 2004; O’Cathain, Munro, Armstrong, 

O’Donnell, & Heaney,2007; Potts, Barr, Gregory, Wright, & Patel, 2004; Rothschild et 

al.2006); Roukema, Steyerberg, Van der Lei, & Moll, 2008; Sard et al., 2008; Stevenson, 

Barbera, Moore, Samore, & Houck, 2005; Taylor, Loan, Kamara, Blackburn, & Whitney, 
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2008; Toth-Pal, Wardh, Strender, & Nilsson, 2008; Walsh et al., 2008; Wang et al., 2007; 

Weber, 2007). 

Swenson (2007) in the article Point-of-Care Medication Error Prevention: Best 

Practices in Action, discussed solutions and expert recommendations to prevent adverse 

drug events in the hospital. Swenson (2007) further claimed patient safety technology at 

the point of care is the top priority in preventing medication errors. The next step for 

research for prevention strategies should focus on evaluating the use of technology and 

“How to make a business case for investment in error prevention strategies” … (IOM, 

2007, p. 318). The (IOM, 2007) report deemed research, recommending medication 

safety systems, and the study of the effectiveness of these tools, as a major initiative in 

healthcare practice. Since the first IOM (2000) report little progress in improving patient 

outcomes in relation to medication errors has occurred. The reported rate of errors 

remains one per patient admission. 

Suggestions for future nursing research by AHRQ Committee members are 

published in Patient Safety and Quality: An Evidence-Based Handbook for Nurses. The 

authors, Staggers, Weir, & Phansalkar (2008) outlined future research themes that 

emerged during investigation of current best practice. 

“Three major themes for future research emerged: (1) nursing impacts from 

computerized orders management, (2) human-computer interaction issues, and (3) 

implementation science” The authors further commented, from the nursing perspective, 

that any study of medication orders management with the impact on nursing would be 

novel. Also suggested was an interdisciplinary study of orders management was needed 

(Staggers, Weir, & Phansalkar, 2008). 



8 
 

Statement of the Problem 
 

Leape (2004) pointed out some improvements have been made in the past 10 

years but changes have not been adequate. Contributing factors to the lack of change 

include resistance to change by presenting barriers such as the punitive environment in 

hospitals, physicians' denial of the problem, lack of leadership and lack of systems 

thinking. 

To address this problem, a new bedside technology was developed to reduce 
 

errors at the point of care. The CCK system was developed from the Broselow-Luten tape 

using length to standardize pediatric dosages (J. Broselow, personal communication, 

September 9, 2008). Although there is evidence of the positive effect of the Broselow- 

Luten tape in reducing weight error estimates, and improving work flow time (DeBoer, 

Seave, & Broselow, 2005; Lubitz et al., 1988; Lancaster, 2005; Kozer, Seto, Verjee, 

Parshuram, & Khattak, 2004; Rand, Conn, Crittenden, & Halterman, 2004; Frush, Luo, 

Hutchinson, & Higgins, 2004; Shah, Frush, Luo, & Wears, 2003; Hofer, Ganter, 

Klaghofer, & Zollinger, 2002; Kaushal, Jaggi, Walsh, Fortescue, & Bates, 2003), the 

need for a comprehensive assessment of the newly developed CCK clinical decision 

support system technology remains. 

The purpose of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids system in an effort to 

reduce pediatric medication errors using a sample of undergraduate nursing students. 

The investigation was designed to clinically test in a simulated environment the 

implementation of the CCK system for the nursing administration of medication in a 

pediatric rapid response scenario. Simulation provided a safe means of examining the 
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effect of this web based application of the CCK system which standardizes medication 

dosages. Drs. James Broselow, and Robert Luten, two nationally recognized experts in 

pediatric emergency care served as consultants in this study. 

Significance of the Research 
 

Safe administration of medication is the responsibility of the professional 

registered nurse. With knowledge of the data about medication errors in hospitals, 

research is needed to address medication obtain knowledge to prevent medication errors 

is crucial for the safety of all patients and particularly vulnerable children in an 

emergency situation. A simulated environment addressing the safety and efficacy of the 

CCK system during the implementation stage was important to prevent potential errors 

and risk to patients. The researcher examined the newly developed CCK system in a 

simulated pediatric real life scenario environment. The use of a simulated hospital, high – 

fidelity manikins, real life clinical scenarios, and merging new technological point of care 

programs, is a new and promising field in healthcare research. 

Research Question 
 

A simulated pediatric rapid response research scenario was designed and 

implemented with student nurses enrolled in the last semester of nursing education 

programs. Seeking solutions for adverse pediatric medication events, this study was 

developed to address the deficiency of research exploring this new CCK pediatric 

medication safety system. A simulated pediatric emergency scenario was selected for the 

first trial to eliminate the risk of harm to patients. The vulnerability of children and the 

potential three fold risk of adverse drug events guided the selection and design of the 

pediatric simulation scenario. The researcher’s intent was to address the lack of empirical 
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evidence about the CCK system. The registered nurse is responsible for safe medication 

administration falls within the domain of the registered nurse. The effect of the CCK 

technology aimed at the reduction of pediatric medication errors in with emergency 

medication administration was explored. 

Due to the need for further research exploring new technologies to reduce 

pediatric medication errors, an effort was made to compare the extent of the effect of the 

implementation of the CCK system on the safety of pediatric medication administration 

in a rapid response simulation scenario, compared to the traditional method of pediatric 

medication administration. Specifically, the researcher offers the following research 

question that guided the study. 

Research Question 
 

Will nursing students in the experimental group using the CCK method of 

medication administration perform more efficiently, present better workflow 

turnaround times and demonstrate better hand- off communication than the 

nursing students in the control group? 

Delimitations 
 

The delimitations were: 
 

1.   Sample: The study was conducted in a metropolitan area and the majority of 

participants were nursing students from a rural or small metropolitan area in NC. 

2.   Differential selection of participants: Although all participants are undergraduate 

student nurses, some attend associate degree nursing programs and others 

baccalaureate programs that utilize simulation. 



11 
 

The limitations were: 
 

1.   Simulation and “real world” situations may present a differing effect on 

performance however; participants were prepared and agreed to perform as if 

responding to a pediatric emergency. 

2.   Isolation of treatment: The result of a single treatment experience was difficult to 

isolate. Factors that may influence individual performance on a given day may not 

be predictive of their overall performance. 

3.   Reactive arrangements: Participant effects that may threaten validity are the 

feelings and attitudes of the participants. In order to assure anonymity and 

reassure students of confidentiality and anonymity as participants were coded by 

number without using names. The primary investigator met with participants and 

assured them their participation was anonymous. 

Definitions and Abbreviations 
 

The key terms used in the study were defined as follows: 
 

1.   ADE – Term used by the IOM (2007) to denote serious adverse drug events. A 
 

preventable ADE is associated with a medication error. 
 

2.   AHRQ -The Department of Health and Human Services' Agency for Healthcare 
 

Research and Quality. 
 

3.   Cronbach’s Coefficient Alpha – estimate of internal consistency of how items on 

a test relate to all other items on the test (Gay, Mills, & Airasian (2006). 

4.   Clinical Decision Support System (CDSS) - are automated tools to support clinical 

decision making and improve the outcomes of the decisions. These tools are 
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capable of processing a tremendous amount of data contained in information 

systems. 

5.   Color –Coding Kids (CCK)  – The CCK system is a web-based system of 

standardized medication dosing developed from the Broselow-Luten tape system. 

Children are sorted by color coded categories based on weight and height. In 

cases where the weight is unknown the height alone will sort the child into a 

standardized color category. The system contains a color-coded therapeutic 

pathways and information to increase efficiency and reduce medication and 

medical errors. Pathways are driven by key terms ordered by the physician 

yielding predetermined, standardized, color coded safe and rapid information 

access for therapeutic interventions. Color becomes the universal language of 

safety throughout the entire spectrum of acute pediatric emergency care 

(Broselow, 2008). 

6.   Computer Physician Order Entry (CPOE) – This term is used inconsistently in 

the literature. For the purpose of this study the description of a specific type of 

CPOE with orders with integrated alerts, reminders, and decision support for 

medications was used (Staggers, N., Weir, C., & Phansalkar, S.,2008). 

7.   Electronic health record (EHR) - is a real-time, point-of-care, patient-centric 

information resource for clinicians1 that represents a major domain of health 

information technology (Staggers, N., Weir, C, & Phansalkar, S., 2008). 

8.   Hand - off communication - Completion of the SBAR tool for report of the 

patient’s condition and treatment. 

9.   HIT – Health information technology. 
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10. IOM - Institute of Medicine. 
 

11. MANOVA - Multivariate analysis of variance. A statistical procedure used where 

there is more than one dependent variable and the dependent variables cannot be 

combined (Gall, Gall, & Borg, 2007). 

12. Medication error - medication error as "any preventable event that may cause or 

lead to inappropriate medication use or patient harm while the medication is in the 

control of the health care professional, patient, or consumer. Such events may be 

related to professional practice, health care products, procedures, and systems, 

including prescribing; order communication; product labeling, packaging, and 

nomenclature; compounding; dispensing; distribution; administration; education; 

monitoring; and use." [NCCMERP] (2000). 

13. Point-of-care (POC) - decision-support applications and patient safety technology 

at the point of care or POC. 

14. Safe medication administration – accurate and complete compliance with all ten 

steps of the traditional method of medication administration. 

15. SBAR: The SBAR (Situation-Background-Assessment-Recommendation) 

technique is a framework for communication between members of the health care 

team about a patient's condition. 

16. Simulation - Simulation in nursing education is defined by Billings and Halstead 

(2005) as a close representation of real life events presented by computer 

software, role play, case studies and games that actively involve the learner in the 

application of theory. The use of high fidelity computer human patient simulation 

manikins have been added to the repertoire of tools. Provides the opportunities for 
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nursing students to safely practice clinical skill development and critical thinking 

abilities. 

17. Status Epilepticus - Status epilepticus is a medical emergency that requires 

hospital treatment to bring the seizures under control. Episodes of non-stop 

seizures need to be treated immediately. 

18. Turnaround time: The amount of time in minutes the participant spends to 

complete the task of medication administration, assessment, and documentation. 

19. Traditional nursing medication administration – Standard nursing procedure for 

the safe administration of medication. Traditional “Five Plus Five Rights of Drug 

Administration” – The traditional rights are (1) the right client, (2) the right drug, 

(3) the right dose, (4) the right time and (5) the right route. Plus the five essential 

rights (1) the right assessment, (2) the right documentation, (3) the client’s right to 

education, and (4) the right evaluation, (5) the client’s right to refuse. 

Organization of the Study 
 

In chapter 1, the researcher presented an overview of the importance of finding 

solutions to pediatric medication errors for the safety, and protection of this vulnerable 

population, thereby, establishing the purpose, relevance and research question for the 

study. Meeting the challenges posited by the IOM (2007), Preventing Medication Errors, 

future recommendations for nursing research includes implementation studies of current 

technological breakthroughs. 

In chapter 2, a review of the current and related literature addressing medication 

errors in hospitals, pediatric medication issues, and studies related to healthcare 
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technology systems, CCK system and clinical decision support CDSS technology is 

presented. A review of prior research is also presented. 

In chapter 3, the researcher delineated the method, design and protocols used to 

conduct the experimental trial of the CCK system. The research question and related 

hypotheses and procedures for data collection and analysis are included. Result of the 

trial study in relation to the research question and hypotheses and discussion of the 

findings are presented in chapter 4. Conclusions related to the findings, implications for 

nursing education and recommendations for future research are presented in chapter 5. 



 
 
 
 
 

CHAPTER 2: LITERATURE REVIEW 
 
 
 

The purpose of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids system in an effort to 

reduce pediatric medication errors using a sample of undergraduate nursing students. 

An overview of the role of the Institute of Medicine (IOM) to hospital medication 

errors is explained. The literature reviewed covers the following research areas: hospital 

medication errors, pediatric medication errors, solution seeking technology and the 

Broselow-Luten Color Coding Kids Hospital System. An overview of the traditional 

medication administration procedure for registered nurses is outlined. 

Overview 
 

In 1970, the (IOM) was established by Congress. As a branch of the National 

Academy of Sciences, Members of the IOM serve as advisors to the nation to improve 

health care in the United States. Recommendations from the (IOM) shape health policies 

to improve the quality of health for millions of people. A function of this branch of 

government is to assemble the world’s top scholars, scientists and health experts to 

investigate critical health issues. The IOM is comprised of committees of scientists and 

scholars who serve without compensation. Committee reports are rigorously peer 

reviewed and reported publicly (IOM, 2008). The Committee on the Quality of Health 

Care in America, a subcommittee of the IOM was formed in 1998 to improve the quality 

of health care in the Unites States. Following extensive research, the IOM Committee 

members published a series of three reports detailing the results of their research on the 

quality and safety of healthcare in America. 
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A national spark was ignited by the first IOM report in 2000 calling for pressing 

reform of the health care system. The catalyst behind the reform was the release of the 

committee’s safety report; To Error is Human: Building a Safer Health Care System. A 

national agenda for transforming the healthcare system was presented along with specific 

recommendations to reduce medical errors and improve patient safety at a system level. 

The intent of the IOM report was not to point the finger of blame on well intended 

healthcare providers but to honestly present the alarming reality of the latest research 

As a result of the first IOM (2000) investigation, two dimensions of the 

environment that influence quality were identified, quality was depicted as; (1) patient 

safety, (2) provision of care and best practice, and (3) customer specific values and 

expectations. Secondly, the environmental forces that drive quality, the 

legislative/regulatory and economic dimensions. The domains of quality were redefined 

as follows; patient safety is considered freedom from accidental injury, best practice is 

the standard of care, and lastly care needs to be individualized and customized to patient 

values and preferences. The dimension of regulation and economics drive the healthcare 

system based on public values, policy, regulation and economics. Regulation can 

influence the quality of care by empowering chief executives and governance within the 

system. All healthcare organizations are then required to meet minimum standards of 

care. The Committee suggests that the market place, both public and private purchasers, 

directly motivate businesses, by rewarding beyond minimum standards (IOM, 2000). 
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The topic of the research was medication related errors in hospitals. The Institute 

of Medicine (2000) investigated and published their findings in the following documents; 

To Err is Human: Building a Safer Health System (2000), Crossing the Quality Chasm: A 

New Health System for the 21st Century (2001), and Preventing Medication Errors: 

Quality Chasm Series (2007). Data summarized in the first report resulted in the 

following generalizations; based on two large studies one in Colorado and Utah (Thomas, 

Eric, Studdert, Burstin, & Helen et al., 1999) extrapolating results to the 33.6 million 

admissions to U.S. hospitals, an implied 44,000 patients die annually. In the New York 

study by Brennan, Troyen, Leape, Laird, et al. (1991) extrapolating their results, an 

estimated 98,000 individuals die annually. This translated into two of every 100 patient 

admissions to the hospital experienced adverse drug events (ADE) at a cost of $ 4,700 per 

event. The annual cost projected for a large 700 bed hospital was conservatively 

estimated at $2.8 million dollars annually and $2 billion nationally for preventable 

adverse drug events (Leape et al. 1991). 

The inconsistency of reporting systems and lack of standardization resulted in this 

very conservative number (IOM, 2000). It is difficult to accurately ascertain the true cost 

of errors, as several aspects of the cost cannot be measured. Most of the studies have 

focused on hospital reporting however; the magnitude of the problem was grossly 

underestimated and does not account for all treatment settings such as ambulatory clinics, 

long term care, and home care. Additional costs not considered in the reports include 

inflated insurance prices and co-pays to cover errors, and the cost as the patient treated 

outside of the hospital for injury incurred in the hospital. Some losses cannot be tallied 
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quantitatively such as diminished satisfaction by the patient, loss of trust, not to mention 

 
physical and psychological suffering and impairment (IOM, 2000). 

 
Medication errors that resulted in death were reported separately in the (IOM, 

 
2000) study. Death due to medication errors is infrequent but increasing due to the 

extensive use of drugs in our society. The IOM committee reviewing death certificates 

from 1983 to 1993 found 2,876 deaths due to medication errors in 1983 and an increase 

to 7, 391 deaths in 1993 which was a 2.57-fold increase. 

In earlier studies researchers summarized (IOM, 2000) convincing evidence of the 

extent of the medication error problem in America. More than fifty studies exploring the 

causality of ADEs suggested the unacceptable frequency of medication errors. A 

comparison chart of the available research studies, sample description, data source 

results, definitions and causes or types of errors, are contained in the IOM (2000) report. 
 

Researchers in the second committee reported in Crossing the Quality Chasm: A 

New Health System for the 21st Century (2001) additional quality issues. This report was 

a call to improve the entire system of health care delivery as a whole. Although the 

development of technology in the health and medical sciences made tremendous strides, 

the (IOM, 2001) purported that healthcare systems are floundering and are unable to 

provide consistent high-quality care to Americans. One of the concerns expressed by this 

Committee was the absence of progress toward applying information technology to 

advance clinical processes. 

Of particular interest to this investigation was the (IOM, 2001) call for designing 

systems to prevent errors, “avoiding reliance on memory and vigilance, and simplifying 

and standardizing key processes (such as using checklists and protocols).” (p.121) 
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Additional suggestions contained in the 2001 report; automating, simplifying, 

 
standardizing and color coding systems to avoid errors. As a means of improving patient 

safety is to design “procedures that can mitigate harm from errors such as up to date 

information available to clinicians” (p. 123). Mass customization of care was also 

recommended such as medical conditions by degree of severity or level of risk such as 

controlled or uncontrolled hypertension. 

Information technology is the interconnecting mechanism to link evidence based 

knowledge into clinical practice. The (IOM, 2001) challenged the “healthcare system” as 

a whole to develop competencies; tracking and disseminating new information, manage 

clinical change incorporating new information into practice, and to make sure 

professionals have the competency and skills, and utilize simulation to enhance skills and 

manage crisis. 

In addition, the second report (IOM, 2001) from the committee defined quality for 

the health system as “the degree to which health services for individuals and populations 

increase the likelihood of desired health outcomes and are consistent with current 

professional knowledge” (p.232). Quality was evaluated based on three criteria; (1) 

structural issues such as health care capacity, (2) process or interactions between patients 

and providers and, (3) outcomes or changes in patients health. 

Steady progress has been made legislatively since the release of the first two IOM 
 

reports. The Senate Finance Committee prompted the United States Congress, through 

the Medicare Modernization Act of 2003, to solicit Medicare and Medicaid Services and 

contract with the IOM to formulate a national agenda for reducing medication errors. 
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Scientists were commissioned to estimate errors and determine the efficacy of prevention 

strategies (IOM, 2007). 

The results of the investigation and an agenda for reform by The Committee on 

Preventing Medication Errors were published by the IOM (2007) and contained in the 

report, Preventing Medication Errors. Definitions accepted nationally by the committee 

were; a medication error is any error occurring during the medication use process, and 

adverse drug events (ADE) or any injury due to medication. The committee 

approximated that hospitalized patients experienced one medication error per day, with 

prescribing and administering medications accounting for three fourths of the errors. 

The IOM was not the first organization in the United States to investigate or 

monitor (ADEs) in the United States. In fact since 1992, the Food and Drug 

Administration (FDA) began monitoring medication error reports from the United States 

Pharmacopeia (USP), the Institute for Safe Medication Practices (ISMP), and the direct 

contacts to the FDA through MedWatch. Citizens as well as manufacturers report (ADEs) 

directly to the FDA through MedWatch forms on their website. The USP in 1998, just 

prior to the release of the IOM report, launched MEDMARX, an internet reporting 

system for medication errors. Aggregated trends and patterns of medication errors are 

analyzed by the USP’s, (Center for the Advancement of Patient Safety ([USP CAPS], 

2004) on an ongoing basis. The Division of Medication Errors and Technical Support of 

the FDA included a medication error prevention program. Staff pharmacists and 

personnel reviewed medication error reports sent to the USP Medication Errors Reporting 

program and MedWatch, to evaluate and analyze the data to provide feedback to others at 

the FDA (USP, 2008). 
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In addition, the USP initiated in 1995 the development of the National 

 
Coordinating Council for Medication Error Reporting and Prevention (NCC MERP). The 

NCC MERP is an independent body comprised of several national organizations. These 

national health care organizations meet to collaborate and address the interdisciplinary 

issues and causes of errors and to promote safety (NCCMERP, 2008). 

Global initiatives are in progress to develop safer health practices. Although the 

IOM is concerned with safe practices in America, global committees have been formed to 

address safety and health care reform worldwide. For example, Members of the World 

Health Organization (WHO) initiated a World Alliance for Patient Safety in 2005. This 

initiative identified six global action areas. One of the action areas of particular interest to 

this study is the development of "Solutions for Patient Safety" (Collaborating Centre for 

Patient Safety Solutions, 2008) .  In 2005, The (WHO) appointed the Joint Commission 

and Joint Commission International (JCI) as the world's first WHO Collaborating Centre 

dedicated solely to patient safety (Collaborating Centre for Patient Safety Solutions, 

2008). The focus of the collaborative is to reduce the disconcerting numbers of serious 

medical injuries worldwide. As a result of the efforts between the Commonwealth Fund, 

the WHO World Alliance for Patient Safety, and the WHO Collaborating Centre for 

Patient Safety, The High 5s: World Alliance for Patient Safety initiative was started. This 

global joint effort provides a mechanism to implement innovative, standardized protocols 

for five patient safety solutions within five years (WHO Collaborating Centre for Patient 

Safety Solutions, 2008). http://www.ccforpatientsafety.org/patient-safety-solutions 

The goal of the authors’ of the High 5s was to implement solutions that would 

impact the prevention of avoidable catastrophic adverse events death or serious injury in 
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hospitals. The following five solution areas are the focus of these initiatives: (1) hand- 

 
over errors, (2) wrong site / wrong procedure / wrong person surgical errors, (3) 

continuity of medication errors, (4) high concentration drug errors, (5) hand hygiene 

practices (WHO Collaborating Centre for Patient Safety Solutions, 2008). Global 
 

members of The High-5s include the Commonwealth Fund with Australia, Canada, New 

Zealand, the United Kingdom, and the United States of America, Germany and more 

recently the Netherlands. Each country enrolled 10 hospitals to implement standardized 

protocols. From those hospitals, proposed solutions will be included in the High 5s 

project. These hospitals comprised an international solution learning laboratory for health 

care delivery and patient safety disseminating learning worldwide via the High 5s web 

site. The collaborative learning network fosters the sharing of knowledge and experience 

in implementing patient safety solutions (WHO, 2009). 

In 2007, nine Patient Safety Solutions were announced by the WHO Collaborating 

Centre for Patient Safety Solutions. These additional Patient Safety Solutions addressed 

look-alike drugs, sound-alike names; patient identification; hand-over communications; 

correct procedure at the correct body site; control of concentrated electrolyte solutions; 

medication accuracy; catheter and tubing misconnections; needle reuse and injection 

device safety; and hand hygiene. The basic purpose was to prevent inevitable errors from 

reaching patients (JCI, 2008). 

Due to the varying incidence of medication errors across patient care settings this 

literature review focuses more specifically on acute care in-hospital medication errors 

and adverse events and more specifically pediatric administration medication errors. 

Medication Errors in the Hospital Setting 



24 
Ascertaining the exact number of medication errors in the acute care hospitals is 

difficult to obtain due to the varied reporting mechanisms. Data was reported in several 

studies indicating the magnitude of the problem in the United States. The first IOM report 

in 2000 estimated 7,000 Americans die each year due to errors in prescribing, 

transcribing, or administering medications. Mazur (2008) reviewed research on 

medication reporting systems and claims voluntary internal reporting systems are limited 

for evaluating the real frequency of medication errors and ADEs. Factors that contribute 

to omitting the reporting process were listed: lack of time, pressure, fear of punishment, 

and a lack of perceived benefits of reporting. However, improvements were made in 

internal reporting process when the reporting environments were non-punitive (Reich & 

Resar, 2001). Even then, the reported rates underestimate the true error rate. Mazur 

(2008) included in his research international studies of medication errors (excluding 

wrong time errors) and found 2.4 to 11.1% errors per dose were reported. 

Commenting on the magnitude of the problem, Kaushal, Jaggi, Walsh, Fortescue, 
 

& Bates (2003) agreed patient safety was a public health problem. Even though there was 

controversy over the quoted 44,000–98,000 deaths annually from medical mistakes in 

hospitals, most agreed there was significant need for improvement (Kaushal et al., 2003). 

According to the (United States Pharmacopeia [USP], 2004), Advancing Patient 

Safety in U.S. Hospitals: Basic strategies for success medication errors were reported 

back since 1962. Reports of hospital errors were published by Barker and McConnell 

(1962) in the American Journal of Hospital Pharmacy at a rate of 16 errors per one 

hundred doses. In a 1995, study (Bates, Boyle, & Valet, 1995) examined 10,070 

medication orders, 530 errors were discovered at a rate of 5.3 per 100 orders. An 
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additional study published by Bates, Cullen, & Laird (1995), of two tertiary care hospitals 

 
reported, 6.5 ADEs and 5.5 per 100 nonobsterical admissions, of which 40% of the errors 

were life-threatening and preventable. Barker, Flynn, & Pepper et al, (2002) found errors 

occurred in 19% of all administrations and confirm the IOM (2000, 2001, and 2007) 

reports that the nation’s hospitals have major system problems. Also in concert with the 

(IOM, 2000, 2001, and 2007) reports, the [USP], 2004 report concluded that the majority 

of errors are not due to individuals but more commonly faulty systems. The key is 

reporting as much as possible and to find systems issues that correct them. 

Adding to the IOM (2000) study another less publicized significant report was 

conducted by the (USP) a private, not-for-profit organization to assure quality of 

therapeutic products. The study reviewed 6, 224 medication errors from 56 healthcare 

facilities. The results were published in 2000. Davidbizer & Lonser (2003) highlighted 

the results of this report. The complete medication process, from prescribing to 

monitoring, was examined. The results indicated the majority of errors occur in the 

administration mode 40%, compared to documenting 21%, dispensing 17%, prescribing 

11%, and monitoring 1%. Some of the most common errors reported were omission 
 

1,689, improper dose 1,323, unauthorized drug 751, and prescribing errors 475. 
 

Further analyzing the USP data from 2000, Davidhizer & Lonser (2003) included 

a review of factors reported to have contributed to the medication errors. The most 

commonly reported factors were; distractions 798, workload increase 263, inexperienced 

staff 237, and shift change 103. The authors’ note that of the 6,224 reported errors in the 

USP count, only one resulted in death of the patient. Of the errors reported 3% or (177 

out of 6224 errors) resulted in harm. Table 1, Types of Medication Errors, contains the 
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reported medication errors from MEDMARX published by the USP (2004) reporting a 5- 

 
year data from 1999- 2003. 

Table 1 

Type of Medication Errors 
 

Type of error Percent 
 
 

Omission 25.7 
 

Improper dose/quantity 23.2 
 

Prescribing error 18.9 
 

Unauthorized drug 11.1 
 

Wrong time 6.8 
 

Extra dose 5.6 
 

Wrong patient 4.9 
 

Wrong drug preparation 4.5 
 

Wrong dosage form 2.3 
 

Wrong route 1.6 
 

Wrong administration technique 1.3 
 

Expired product 0.1 
 

Deteriorated product 0.1 
 

Source:  United States Pharmacopeia (2004) 
5-year data CY 1999-CY 2003 

 
A distinctive investigation published in the Annals of Internal Medicine explored 

adverse events after the patient was discharged from the hospital. Weismann, Schneider, 

Weingart, Epstein, David-Kasdan, Feibelmann, Annas, et al (2008), compared adverse 

events reported in post-discharge patient interviews with adverse events detected by the 
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medical record review. A random sample survey of 998 recently hospitalized adults in 

 
Massachusetts in 2003 was conducted. The purpose of the survey was to compare adverse 

events reported in post-discharge interviews with adverse events from the medical record. 

Comparing the medical record to patient interviews, Weissman et al (2008) 

reported the following discrepancies; 23% had at least 1 (ADE) detected per interview, 

and 11% had at least 1 (ADE) identified by record review. The statistic demonstrated 

poor agreement between interviews and medical records for any type of adverse event 

(  = 0.20 [95% CI, 0.03 to 0.27]) with better agreement between interviews and medical 

records when the event was life-threatening or serious events (  = 0.33 [CI, 0.20 to 0.45]). 

Contrasting record review with interviews, 11 serious, preventable events (1.1% 

of patients) were reported per record and an additional 21 serious and preventable events 

per interview that were not documented in the medical record. The patient interviews 

revealed an additional 12 pre-discharge events, and 9 post-discharge events, that occurred 

after the patient left the hospital. Limitations of this study noted that only patients well 

enough to be interviewed were included, and some interviews were delayed (6 to 12 

months after discharge). Gleaning additional information about adverse events was 

prudent. The authors suggested the inclusion of adverse events on discharge patient 

surveys (Weismann et. al., 2008). 

Pham (2008) recently investigated the incidence of (ADEs) and quality of 

healthcare in emergency departments (EDs) in the United States. Medication errors in 

(EDs) were included as one of the aspects of the quality of care explored in this study. 

This researcher analyzed medication errors reported to MEDMARX, a voluntary national 

reporting system, and evaluated the rate, type, cause and consequences. According to 
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Pham (2008) error rates nationally vary and are reportedly between (4% and 14%). An 

 
alarming statistic noted by this author was the incidence of pediatric medication errors as 

high as 39%. 

Pham (2008) conducted a cross-sectional study of all ED errors reported to 

MEDMARX between 2000 and 2004. MEDMARX received 13, 932 medication error 

reports during that time span from 496 participating hospitals. The majority of the 

hospitals did not have CPOE systems. Errors analyzed in this study amounted to 

approximately 88 errors per 100,000 emergency department visits. The majority 42% of 

the mistakes were made on the 3:00 to 11:00 pm shift with the highest number reported 

on Mondays at 16.5%. Of the total errors, physicians were responsible for 24% of the 

errors and nurses 54%. The most frequent occurrence of errors was during the 

administration phase at (36%), due to inaccurate dose and quantity. 

The following causes of medication errors were analyzed and listed by Pham 
 

(2008) in the order of frequency; (1) not following protocol 17%, (2) miscommunication 
 

11%, (3) distractions 7.5%, (4) emergencies 4.1%, (5) workload increase 3.4%, (6) and 

computer order entry 2.5%. Additional findings included, 2.6% of the errors caused harm 

to the patient and there were three reported deaths due to the medication errors. This 

researcher recommends continued research, development, particularly at the 

administration process to reduce error, minimize distractions and implement simulations 

to encourage teamwork. Pham (2008) concluded his investigation citing the potential for 

2,000- 2700 medication errors in the ED annually based on 110 million visits per year. 

Pham’s research confirmed earlier data reported by the (USP, 2004) that the wrong 

administration technique continues to be the highest percent of harmful errors. 
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Data release by the (USP Convention Inc. , 2004) MEDMARX 5thAnniversary 

Data Report: A Chartbook of 2003 Finding s and Trends 1999-2003  provided trended 

data from 1999 to 2003 calculating and tallying types, causes, factors and reports of 

medication errors in hospitals reporting voluntarily to MEDMARX. Types of errors by 
 

volume and percent were calculated and reported to help target interventions. Six types of 

errors were selected as they exceeded the overall harm threshold. The highest percentage 

of harmful errors was the wrong administration technique and wrong route. 

According to Barker, Flynn, Pepper, Bates, & Mikeal (2002) after reviewing 

reports of multiple facilities, asserted that medication errors were common. These 

investigators in an observational study one of every five doses administered by nurses 

was in error. The reported mean error rate detected at the 36 sites was 19% or (605 of 

3216) doses. The error rates by category revealed that the most frequent errors were 

wrong time 8%, omission 6%, and wrong dose 3%; as a percentage of all errors, the 

results included wrong time 43%, omission 30%, wrong dose 17%, and unauthorized 

drug 4%. The distribution of error rates by category was similar between accredited and 

nonaccredited hospitals and skilled nursing facilities. When rate by site was compared 

substantial variation between sites was found, with error rates ranged from 0% at one site 

to 66.7% at another. Assuming 10 doses per patient day, this would mean the typical 

patient was subject to about 2 errors every day. This rate was higher than the previously 

reported one error per day. 

Errors occur at all stages of the patient care process. The handoff process defined 

as the transfer of care from one provider or nurse to another, one shift to the next, and 

hospital to home or other facilities is a source of concern. Hughes (2008) in a review of 
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current literature pertaining to medication errors cites, interruptions, physical and/or 

 
emotional pressures at the time of patient transfer, communication or lack thereof, and 

translation as added contributing factors. 

Hughes (2008) proposed using simulation as an educational strategy of 
 

medication administration and errors in a controlled setting to improve medication safety, 

duplicate the nurse-patient interaction and related cognitive thought. Suggesting further, 

simulation to prepare nurses to recognize and manage medication errors when and if they 

occur. 

A more recent investigation conducted by Phillips, Barker, & Eguchi (2008) 

discovered  the death rate resulting from medication errors increased from (1983 to 2004) 

by an astounding 360.5%. Fatal medication errors (FMEs) as defined in this study as 

accidental overdose or wrong drug given, amounted to 224,355 deaths. These alarming 

statistics surpassed by far the increase in death rates due to motor accidents. The percent 

from adverse effects of medications were reported at 33.2%, or alcohol and/ or street 

drugs 40.9%. The most prevalent (FMEs) were combined with alcohol and/or street drugs 

and demonstrated the largest increase 3196%. The escalation was most rampant in the 40 

to 59 age group with a dramatic increase of 890.8%. 

Some variations in reported medication errors existed across treatment settings 

such as in the home, acute care and long term care. The Medication Error Quality 

Initiative (MEQI) collected four years of data on medication errors reported in nursing 

homes in North Carolina. Nursing homes are required by law Senate Bill 1016 to report 

all actual and potential medication errors to (MEQI). According to the MEQI-Annual 

Report (MEQI-AR), over 50% of the errors reported, basic human error was cited as one 
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of the primary causes. Additional sources of errors reported included medication name 

 
confusion, packaging design and product labeling, and shift report (Williams, Greene, 

 
Hansen R. et al., 2006) 

 
The USP (2004) substantiated the original IOM (2000, 2001) reports of the scope 

of the problem of medication errors in the United States. In addition, a recent Associated 

Press release on October 22, 2008, the (Institute of Safe Medication Practice [ISMP] 

(2008) revealed nearly 21,000 incidents of serious drug reactions, and more than 4,800 

deaths in the first three months of this year (2008) setting a new and alarming  record. 

The errors reported to the FDA, from January through March was 38 percent higher than 

the average for the previous four calendar quarters, and the highest for any quarter, the 

report said. The number of deaths 4,824, was a reported threefold increase from the last 

calendar quarter of 2007. The FDA identified that heparin from China was tainted and the 

discovery unleashed an international scandal. The other drug was Chantix that 

demonstrated serious drug safety problems. In light of the current demonstrated threat to 

the health and well being of the public, and specifically to advocate for vulnerable 

populations, this experimental study focused on the implementation of a new technology 

intended to protect children from medication errors in rapid response and emergency 

settings. The focus of the next section of the report was on pediatric medication issues 

and errors. 
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Pediatric medication administration errors 

 
Safe medication administration falls within the domain of the professional nurse. 

Medication errors pose a serious threat to the safety of the pediatric patient. Providing the 

proper drug therapy to a hospitalized patient involves a number of individuals and several 

steps in the process. Mistakes occur at all points in the process from prescribing, 

transcribing, ordering, dispensing, administration monitoring and tracking medications. 

Human error was established by the IOM (2000) and occurs at all points in the process. 

For multiple reasons, pediatric patients may be at greater risk for medication errors and 

more vulnerable to their effects. ADEs resulting from medication errors are threefold 

higher for children than for adult patients. (Kaushal, R., Bates, D. W., Landrigan, C., & et 

al., 2001). 

Significant differences exist for the pediatric population. The size and body 

composition as well as organ maturity are factors that affect the pharmacokinetics such as 

absorption, distribution, metabolism, and excretion of drugs (Kee, Hayes & McCuistion, 

2006). Further differences presented by Kee, Hayes, & McCuistion (2006) include the 

degree and rate of absorption are based on the child’s age, health status, and route of 

administration. The maturity of the gastro-intestinal tract, gastric emptying, and pH, 

hydration, and nutrition are all factors that influence absorption In addition, the 

distribution intravenously is dependent on the peripheral vascular perfusion. 

Concentration of water and fat soluble medications differ for children with changes in 

body fluid and fat composition. Additional concerns for clinicians are the differing rates 

of metabolism, excretion and actions of medications on children. (Kee, Hayes & 

McCuistion, 2006). Considering the number of special issues with pediatric medication 
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administration, the accuracy of dosing and monitoring is of paramount concern for all 

 
nurses working with the pediatric patient. 

 
Dosing and calculating medications for the pediatric patient are subject to human 

error with every dose administered and calculated manually. Pediatric doses are available 

and based on the child’s kg body weight. When pediatric dosages are not available for a 

medication, the correct dose is obtained through a mathematical process by extrapolating 

the adult dose. A nomogram is used which involves calculations using the height, weight, 

and body surface area in square meters (Kee, Hayes & McCuistion, 2006). 

Summarizing data investigating pediatric medication errors, King, Naomi, 

Jagadish, Gregory, Forestell & Swartz (2003) compared the adult rate of ADEs, which 

occur at a rate of 5 per 100 medication orders, and report a similar error rate observed for 

children. They elucidated the special conditions of the pediatric population. King et al 

(2003) claim children are at risk for unique medication errors such as large, 10-fold errors 

in dosing. These researchers attributed the risk for medication errors to several variables; 

weight-based dosing, off-label drug usage and preparation, limited capacity to withstand 

a dosing error, limited or lack of ability to communicate with health care personnel to 

prevent an error or signal that an error has occurred. A review of prospective studies of 

ADEs in hospitalized children noted an overall incidence of 9.5%, with severe reactions 

accounting for 12% of the total. In 2 academic pediatric hospitals, the medication error 

rate (MER) was 6 per 100 medication orders, the majority of which occurred during 

physician medication ordering. Many ADEs are preventable (51% to 93%), as medication 

errors often occur during drug ordering and may be corrected, especially if the error is 

detected early in the order process. 
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Since the release of the IOM reports (2000, 2001, and 2007), Woods, Thomas, 

 
Holl, Altman, & Brennan (2005) conducted a study of adverse events in children. These 

researchers addressed the lack of research related to adverse events in children and 

claimed most of the focus of studies since the reports have been primarily on medical 

care for adults. They expressed concern that children are also vulnerable if not more so, 

to adverse events, and as such have been relatively unstudied. 

Woods et al (2005) hypothesized that the epidemiology of adverse events and 

preventable adverse events in children were likely to differ significantly from that of 

adults. Their investigation used the Colorado and Utah Medical Practice Study data set 

with a focus on pediatric adverse events estimating the incidence and distribution of 

adverse event and preventable adverse event types in hospitalized children. The 

investigators used the same data base the IOM (2000) study. This was the first project to 

compare the rates of occurrence of these events between children and nonelderly adults. 

The sample included 67.7% newborns and infants (0–1 year of age), 9.6% toddler and 

school-aged children (2–12 years of age), and 22.7% adolescents (13–20 years of age). 

The high proportion of newborns and infants was anticipated as most children in the US 

are delivered in a hospital. 

An adverse event rate of 1% and a preventable adverse event rate of 0.6% for 

hospitalized children were found by Woods et al (2005). A rate of 1% represents 1200 to 

2100 children, in just 2 states, experienced a prolonged hospitalization or a disability as a 

result of an adverse event during a single year (1992) and, for 860 to 1500 of these 

children, the event was determined to be preventable. Nationally the rate for hospitalized 

children discharged from a hospital each year in the United experiencing an estimated 1% 



35 
annual adverse event rate would represent 70, 000 hospitalized children, with 60% 

 
possibly preventable. This study corroborates many of the results found in other studies 

about patient safety problems in children (Thomas et al. 2000; Kaushal, et al., 2001; 

Miller, et al. 2003; Slonim et al., 2003). 

Woods et al (2005) supported previous research of (Kaushal et al., 2001; Fox, G, 
 

1996; Koren & Haslam, 1994; Perlstein, Callison, White, Barnes, & Edwards, 1979) that 

adverse event risk differs for children than from that of adults and the processes, 

mechanisms, and systems that lead to an adverse event for children may differ 

significantly from adults. This study suggested due to the higher proportion of errors, 

research interventions should begin by focusing on adolescent hospitalized patients, 

birth-related medical care, and diagnostics in hospitalized children. The authors’ further 

claimed future patient safety research needs to focus on pediatric-specific studies to 

explore the different processes, mechanisms, and systems. 

Kaushal, et al. (2001) conducted a prospective, multicenter study of medication 

errors in two academic pediatric hospitals cite. A total of 10,778 medication orders were 

written for the 1020 patients in the study. Of these, 616 (5.7%) orders involved an error at 

one or more of the stages of the medication therapy process: ordering, transcribing, 

dispensing, administering, or monitoring. There were 5 (0.8%) preventable ADEs, 115 

(18.6%) potential ADEs, and 496 (80.5%) errors with little potential for harm. A total of 

320 (31%) patients experienced a medication error; 118 (12%) patients experienced two 

or more errors. The errors occurred at a rate of 5.7 errors per 100 orders. Most (79%) 

occurred during ordering. Several errors involved incorrect dosing 34%. This overall 

error rate was similar to that found in a previous study of adult inpatients using similar 
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methods, but the potential to cause harm was three times more likely to occur in the 

 
pediatric inpatients compared with adults. Reportedly, the neonatal ICU patients were 

particularly vulnerable. 

Examining adverse events and means of prioritizing and preventing pediatric 

medication errors, researchers (Fortescue et al., 2003; and Kaushal et al., 2003) 

discovered factors contributing to compromised pediatric patient safety at similar or 
 

increased rates to adults. Factors placing hospitalized children at high risk were identified 

as patient-provider communication barriers, dependence on parents or guardians who 

cannot continuously manage their care. According to Fortescue, et al., (2003) Spanish- 

speaking patients whose families have a language barrier seem to be at increased risk for 

serious medical events compared those families that do not have a language barrier. In 

another study of medical errors in hospitalized children, Slonim et al. (2003) reported 

additional factors contributing to medical errors included children with special medical 

needs or who are dependent on technology. 

A recent study by Otero, Leyton, Mariani, & Cernadas (2008) in Buenos Aires, 

Argentina assessed the prevalence and characteristics of medication errors in pediatric 

and neonatal inpatients. These researchers measured the impact of interventions to reduce 

medication errors. A pre-intervention and post-intervention cross-sectional study was 

conducted of a sample of prescriptions ordered and medications administered in the 

NICU, PICU, at the Hospital Italiano de Buenos Aires Department of Pediatrics from 

(2002 to 2004). The number, type of errors, time, occurred, and any kind of ADs were 

recorded. Several interventions, including incorporating a positive safety culture without 
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a punitive management of errors and specific prescribing and drug-administration 

 
recommendations were implemented. 

 
The incidence of total errors reported was significantly lower post-intervention in 

 
2004 compared with 2002: in the second phase was 7.3% (199 of 2732) and 11.4% (201 

of 1764) in the first phase. The risk difference was minus 4.1% occurrence of errors. 

Although somewhat conflicting data was obtained using an intensive surveillance 

methodology, McBride, Chiang, Goldmann, & Landrigan (2005) found relatively few 

medication errors occurring among 684 infant patients admitted for bronchiolitis. This 

research did support earlier findings by Kaushal et al. (2001) that the children that were 

critically ill were more at risk for AEs and experience longer hospital stays. Although 

McBride et al. (2005) were examining all AEs not just medication errors the results do 

shed knowledge on the severity of the errors and outcomes for patients with bronchiolitis 

suffering ADEs. Separating the medication errors from medical errors relatively few 

errors were detected. Three medication incidents were described. The first medication 

error classified as severe type was a tenfold overdose of a paralytic agent given to an 

intubated pediatric patient with bronchiolitis, another error involved an overdose of 

pancreatic enzymes intercepted before reaching the patient, and the last amoxicillin was 

ordered for the wrong patient and that also was intercepted by nursing. The physiologic 

vulnerability of ill infants and the magnitude of the overdoses cited contribute a sobering 

reality to the issue of pediatric dosing errors and miscalculations. 

Some empirical evidence exploring the variables associated with medication 

errors in pediatric emergency medicine does exist (Leape, Brennan, Laird, & et al, 1991; 

Thomas, Studdert, Burst, et al., 2000). These scientists found that preventable errors are 
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significantly more common in emergency departments (EDs) with prescribing errors 

 
most common in pediatric emergency departments. 

Kozer et al. (2002) explored the incidence and type of drug errors in pediatric 

medicine to determine the factors associated with the risk of errors. A retrospective 

cohort study of the charts of 1532 children treated in the pediatric tertiary care ED was 

performed in 2000. Two independent pediatricians decided whether a medication error 

occurred and ranked errors according to severity. These investigators found errors in 
 

prescribing in 10.1% of the charts. Variables associated with an increased proportion of 

errors in univariate analysis were: patients seen between 4 AM and 8 AM, patients with 

severe disease, and medication ordered by a trainee, and patients seen during weekends. 

Among trainees, there was a higher rate of errors at the beginning of the academic year. 

Logistic regression also revealed increased risk for errors when a medication was ordered 

by a trainee, and in seriously ill patients. Extrapolating, to a 1-year period, Kozer et al. 

(2002) approximated 50, 000 children are treated annually at the Hospital for Sick 

Children ED. An estimated 5000 children each year might be exposed with possibly 2500 

subjected to significant errors. 

Sharek et al. (2006) conducted an extensive project to develop and test a NICU- 

specific trigger tool to identify both ADEs, as well as AEs. Recognizing that NICU 

patients are at high risk for AEs and ADEs, these scientists aimed to  (1) develop and test 

a NICU trigger tool for the detection of AEs, (2) determine rates of AEs in NICUs in 

North America, and (3) identify frequent AEs in NICUs to assist in the development of 

strategies to prevent harm in NICU patients. They selected trigger methodology, based on 

reports of superior performance to voluntary reports and conventional chart review to 
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identify AEs in hospitalized adult patients. Trigger was defined as the occurrence of or 

 
flag found on review of the medical record that ‘triggers’ further investigation about the 

presence or absence of an adverse event. Studies (Takata, Mason, Taketomo, Longsdon, 

& Sharek , 2008; Rozich, Haraden, & Resar, 2003; Resar, Rozich, & Classen, 2003; 

Rozich, Haraden, Smithson, Simmonds, & Resar, 2006) using the trigger methodology 

identified AE rates 50 times higher than hospital-based reporting strategies and identified 

ADEs in high-risk patients at a rate 20 per 100 patients. 

Sharek et al. (2006) randomly selected 50 patients from each site with a minimum 
 

2-day NICU stay. Adverse events identified were evaluated for severity, preventability, 

ability to mitigate, ability to identify the event earlier, and presence of associated 

occurrence report. Results reported (Sharek et al., 2006) reviewing 749 charts from 15 

NICUs, 2218 triggers or 2.96 per patient, and 554 unique adverse events or 0.74 per 

patient were flagged. The positive predictive value of the trigger tool was 0.38. Adverse 

event rates were higher for patients <28 weeks’ gestation and <1500 g birth weight. Fifty- 

six percent of all adverse events were preventable. Only 8% of adverse events were 

identified by existing hospital reports. The most common adverse events identified were 

nosocomial infections, catheter infiltrates, and abnormal cranial imaging. Sharek et al. 

(2006) concluded using the trigger tool; adverse event rates in the NICU setting are 

substantially higher than previously detected. 

Traditional Nursing Medication Administration 
 

An integral part of the educational preparation of nursing students is instruction 

on the safe procedure for medication administration. Students are tested frequently on 

medication administration, supervised in the clinical setting, and must demonstrate 

competence safely administering medication. In practicality, a focal point for nurses in 
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practice is the safe administration of medication to the patient. The traditional method 

 
and standard of practice for professional nurses is the “Five plus Five Rights” of drug 

 
administration. The traditional five rights of safe administration are (1) the right client (2) 

the right drug (3) the right dosage (4) the right time, and (5) the right route. Additional 

steps were added to the original rights the “plus five” rights that are considered essential 

for safe administration. These rights include; (1) the right assessment (2) right 

documentation (3) client’s right to education (4) the right evaluation and (5) the client’s 

right to refuse (Kee, Hayes McCuistion, 2006). 

Safe patient medication administration in a hospital system is a combined effort of 

healthcare professionals. There are multiple steps in the process before the medication is 

administered to the patient at the bedside. At any stage in the process from; prescribing, 

transcribing, dispensing, preparing, to administering medications to the patient at the 

bedside, and monitoring effects of medications, errors can occur. In order to address the 

problems with medication errors in hospitals, the entire medication administration 

process is a system within the hospital and proper interventions need to be implemented 

at a system level as well as at the individual performance level of professional such as 

physicians, nurses, and pharmacist. However, at any stage within the system of safe 

medication administration process interventions are warranted. A description of the 

current technological systems that exist to seek solutions to common medication errors is 

presented in the following section. 

Technology to Prevent Medication Errors 
 

Nurses play a crucial role in the implementation of change within the healthcare 

system. During an interview (L. Leape, personal communication, 2004) with Peter 
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Buerhaus, Professor of Nursing and Senior Associate Dean for Research, at Vanderbilt 

University, Dr. Leape commented on the profession of nursing and healthcare reform. 

“When the idea of "needing to change the systems rather than just focus on 

individuals" was first brought forward, the group that understood this quickest 
 

was nurses. … Nurses are on the front line and see their own mistakes as well as 

those of others. Patient safety is not an abstract problem to them. No nurse wants 

to hurt a patient, and no nurse wants to make a mistake …. nurses particularly, 

that understood the broad implications and the power of changing the approach to 

that of redesigning systems” (p. 368) 

Research conducted by Casalino et al., (2003) confirms earlier reports by the IOM 

(2000, 2001, and 2007) that the quality of healthcare in the U.S. falls short of current 

biomedical knowledge and this chasm was more about organizations than practitioners. 

In an effort to investigate the actual implementation of computerized case management 

programs (CMPs), this research group discovered that in over 2000 practice groups 

employing independent practitioners, the utilization of organized healthcare management 

systems and processes were relatively uncommon. Strongly supporting the development 

of healthcare information technology Casalino et al. (2003) points out: 

“Although information collection, processing, communication and management 

are at the heart of healthcare delivery, and considerable evidence links the use of 

clinical information technologies to improvements in the quality, safety, and 

patient-centeredness of care, the healthcare sector remains woefully underinvested 

in these technologies.” (p. 24) 
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An example of the chasm between knowledge and practice, relevant to this study 

was the apparent lack of research by engineering specifically targeting medication 

systems despite the empirical evidence documenting the scope of the problem medication 

errors. A recent study by Mazur (2008) investigated the medication delivery systems of a 

local 89 bed hospital. Utilizing a mixed method design, nurses and student nurses 

participated in this study. Mazur (2008) explored the efficiency, productivity of workflow 

and management sources of medication errors to help support decisions about investing 

in strategies to reduce medication errors. Mazur (2008) suggested using systems theory 

and nursing vigilance to resolve the current medication error rates. Implications for future 

research include healthcare organizations starting with frontline professionals and 

encouraging the expectation that it is everybody’s job to improve the process. According 

to Mazur (2008) the role expectation with respect to medication error reporting, analysis 

and improvements should be well communicated, supported by managers and 

administrators to all frontline employees and continuously evaluated. 

Research provides evidence that nurses feel pressured about productivity and this 

pressure exerted on nurses contributes to medication errors (Leape, 1995, Cohen, 2000; 

IOM, 2001, Buchanan et al., 1991; Flynn et al., 2003). The most common types of 

dispensing errors or near misses are attributed to workload and staffing, distractions 

during processing, inadequate packaging and labeling, poorly designed work areas, and 

outdated or incorrect drug reference information. In a structured questionnaire of 

medical-surgical nurses (N = 784), Pertinent research (Aiken and Patrician., 2000; Aiken 

et al., 2001; Aiken et al., 2002) related to medication administration revealed that a large 

proportion of nurse’s time was spent on performing housekeeping duties, and ancillary 
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services such as transporting patients. An estimated 35% of the nurse’s time, even during 

 
medication administration was interrupted (Hillsden & Fenton, 2006). 

 
Leape (2004) asserted that information technologies could improve productivity, 

quality, patient safety and satisfaction, as technology has improved similar human service 

businesses. Information technology has a priority and fully acknowledged as an integral 

member of the healthcare system. Technology does not involve just computers and 

equipment but techniques and procedures used by healthcare professionals, and human– 

technology interactions should be incorporated into healthcare technology research. 

A (2008) handbook published by ARHQ for nurses encouraging nurses to assume 

a leadership role. Despite information technologies being a relatively new field of 

inquiry, in patient safety and quality, the need to improve patient quality and safety is the 

responsibility of all clinicians, providers, leaders and managers (Hughes, April 2008). 

The following section is a review of the use of computer-based clinical decision support 

systems technology for health professionals. 

Clinical Decision Support Systems 
 

CDSS are automated tools to support clinical decision making and improve the 

outcomes of the decisions. These tools are capable of processing a tremendous amount of 

data contained in information systems (Saba & McCormick, 2006). Due to the 

complexity of the healthcare system there is an increasing need for accessible information 

systems that address best practice to promote clinical decisions, and facilitate effective 

and safe patient care. A basic definition offered by (Saba & McCormick, 2006, chap. 10) 

CDSSs as any computer program that helps healthcare providers access information and 

make clinical decisions. Holyroyd, Bullard, Graham, & Rowe (2007) simply defined 

CDSS as a system to aid directly in clinical decision making by using specific 
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characteristics of the individual patient which then generates patient specific 

 
recommendations. 

 
Considering the information explosion in the last ten years, it was impossible for 

healthcare professionals to keep up with the latest advances in healthcare “in their heads”. 

According to Saba & McCormick (2006) the numbers of drugs alone have increased 

500% in the last ten years and over 20,000 new articles are published in biomedical 

literature every year. Nurses have identified the need for a tool at the point of patient care 

that is accessible, reliable, evidenced based data information, rapid response, user 

friendly, and an integrated system. This need is yet to be realized. The three main 

purposes of a CDSS are: (1) assist problem solving, (2) support not replace clinical 

judgments, (3) and improve the effectiveness of decision–making. Saba & McCormick 

(2006) also point out that healthcare agencies more recently have learned that 

combination systems are of optimal value to the hospital. Key functions of the CDSS are 

outlined by Saba & McCormick (2006) as: (1) administrative, (2) management of clinical 

complexity, (3) cost of control, and (4) decision support. The knowledge based system 

was the focus of this study. 

Further classifying CDSS, Saba, & McCormick (2006) divided the systems into 

data based: population-based, model-based (case based), knowledge-based (rule-based), 

and graphics-based systems. The authors define population based models as a 

fundamental input in an intelligent system that provides decision support from a 

population perspective using longitudinal data, cohort, cohort and cross-sectional 

databases. A model base DSS manipulates statistical, financial and or simulated models. 

The models may be pathophysiology, statistical or analytic. Knowledge based systems 
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rely on expert knowledge that was embedded or accessible from another source. It was 

 
used to capture the cognitive processes of healthcare providers and represents what was 

known as evidence-based practice or knowledge based decision support. Saba & 

McCormick (2006) also describe a new system called evidence adaptable CDSS that is 

maintained and constantly updated with the most recent information. The final 

classification as described by the authors was called a graphics-based system which uses 

cues for the user such as graphs, color or data visualization. The implementation of the 

CDSS was the focus of this research therefore the following review focuses on the 

knowledge-based CDSS. 

Since the release of the IOM reports (2000, 2001, and 2007) there has been an 

increasing demand for access to “best practice” at the point of care. To address the 

deficiencies and errors in care, healthcare organizations turned to clinical decision 

support systems to provide access to patient-specific assessments or recommendations to 

support clinical decision making (Kawamoto, Houlihan, Balas, & Lobach (2005). CDSS 

systems have the capacity to respond to and critique or change orders, assist in “tasks” 

that are prone to human error, such as calculations, decision trees, diagnosis and 

management tools just to name a few. These systems have demonstrated an improvement 

in prescribing, and reducing serious medication errors and improving adherence to 

standards of care. Compared to other systems CDSS were more effective in clinical 

practice (Kawamoto, Houlihan, Balas, & Lobach, 2005; Mahoney, Berard-Collins, 

Coleman, Amaral, & Cotter 2007; Stevenson, Barbera, Moore, Samore, & Houck, 2005; 

Cobos et al., 2005; and Toth-Pal, Wardh, Strender, & Nilsson, 2008). 
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A review of current data-based empirical studies published from 1999 to 2008 is 

presented in Figure 1. Questions explored through this review and the 19 studies selected 

pertained to 1) implementation of CDSS technology to prevent medication errors, 2) the 

type of setting studied 3) the sample and data source 4) the results of the effectiveness or 

use of technology. Articles were selected based on the analysis of the stated content. In 

addition due to the limited empirical data on CDSS systems implementation, additional 

articles relevant to this study were selected from CPOE systems and point of care 

technology. 

Of the 19 general population studies reviewed, one study conducted by Alexander 
 

(2008) investigated the use of CDSS system to track the frequency of alerts and triggers 
 

to signal patient distress or conditions. Important evaluative data was collected noting the 

most common trigger in the nursing home setting was dehydration (32.5% at one facility 

and 29.8%) at another clinical site included in the study. Additional information collected 

included the incidence of constipation occurring (21.1%) of the time and (32% for skin 

integrity), alerts and improved condition were the second most commonly reported 

trigger (23% and 24% respectively). The ability of the CDSS system to collect patient 

condition data could provide valuable information useful to project patient care needs. 

Investigating the use of CDSS on diagnostic outcomes, Bergman & Fors (2008) 

compared the CDSS to pencil paper diagnosis with a psychiatric patient population. No 

major differences were found and a significantly shorter time was found for paper verses 

pencil. The CDSS was not as accurate for Depression and yielded fewer correct 

diagnosis. 
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Recognizing the human-computer interaction involved in the implementation of 

 
technology, researchers have investigated the opinions and attitudes of the users. Toth- 

 
Pal et al. (2008) explored the influence of CDSS on general practitioners’ management of 

congestive heart failure. Based on an internet questionnaire, physicians rated their 

confidence level in the CDSS for diagnosing, a change in prescription medication due to 

the CDSS, and support received. Reviewing 48 cases, 25% reported confidence in the 

diagnosis, information searching by CDSS was reported 31% of the time, 10% reported a 

change in prescribing, and 35% of the cases were reported as substantial confidence in 

CDSS. In another study exploring risk attitudes of nurses at a national telephone 

assessment service in Scotland using the CDSS, O’Cathain, Munro, Armstrong, 

O’Donnell & Heaney (2007) reported no evidence of a change in decision making from 

using the CDSS to refer patients to a service or recommend self care was noted. Wheeler 

(2007) interested in the use of point of care technology by practitioners, surveyed 119 

physicians. Physicians were asked to rank their preference and list the top three choices 

of references to answer questions from the patient. Of the 199 physicians that responded 

to the survey, the most 28% preferred electronic references for clinical information with 

13% preferring journals. The most preferred electronic references were UpToDate at 26% 
 

and PubMed at 16%. 
 

Further investigation into the human-computer interactions using a qualitative 

approach, Weber (2007) explored the effects of CDSS on medication safety in a multi- 

hospital setting. Interviewing 23 advanced practice nurses, 13 clinical nurse specialists, 

and 10 nurse practitioners 5 core variables emerged; system learning, understanding the 

technology, creating inferences from the data, comparing system derived data, and levels 
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of trust in the system derived data. Practitioners were able to forecast client outcomes 

 
this was the main intent of implementing the system. 

Safety was of paramount concern to practitioners during the entire process of 

medication administration, particularly with the implementation of new technologies. 

Cognizant of the potential problems a new system might pose, Mahoney et al. (2007) 
 

investigated the effects of an integrated clinical information system with both CPOE and 

CDSS on medication safety in a multi-hospital setting. Reviewing pre-implementation 

orders (1,452,346) and post-implementation (1,390,789)  a significant effect reducing 

prescription error rates were demonstrated for three of the four indicators, allergy 

detection reduced from (833 to 109), and excessive dose from 1341 to 871). Unclear 

orders from 1976 to 663). The fourth indicator therapeutic duplication from (665 to 584) 

was not significant. The results are promising for the future to improve patient safety and 

medication administration. Ray et al. (2006) conducted an assessment of psychometric 

characteristics of a PDA with a sample of 82 internal medicine residents in an ambulatory 

care setting. The evaluation of the characteristics of the PDA demonstrated that the scale 

was both reliable and valid and can be used to guide future research using handheld DSS 

development. 

Pertinent to patient safety, although not a CDSS the implementation of a CPOE 

system was investigated to determine errors. Koppel, Metlay, Cohen, Abaluck, & Localio 

(2005) surveyed 261 healthcare providers in a 750 bed hospital and identified 22 types of 

medication errors facilitated by the integration of CPOE. The relevance to this study was 

a caution to researcher to glean more than quantitative data in protecting the public when 
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it comes to large implementation projects. The use of multiple qualitative and survey 

 
methods identified error risks not previously mentioned in the literature. 

 
More directly exploring the CDSS system, Stevenson et al. (2005) tested the 

practitioners’ confidence level, and evaluated the usefulness of an antimicrobial trial 

prescribing support system. Compliance with the prescribed protocols varied from 0 to 

71%, and statistical significance was demonstrated for 2 performance measures, the 
 

agreement with all CDSS recommendations and agreement with dosing. Adverse clinical 

outcomes were not statistically significant with the implementation of the CDSS. What 

was promising was the confidence level in the technology for future practitioners. 

Three studies queried the cost effectiveness of CDSS (Cobos et al., 2005; 

McMullin et al., 2004; and Carter & Cox, 2000). Cobos et al. (2005) studied the 

management of hypercholesterolemia; patients in the intervention group with the CDSS 

were prescribed less medication than the control with no difference in impact on lipid 

levels thus inducing considerable savings. McMullin et al., (2004) demonstrated a 

significantly lower prescription costs with the CDSS intervention with a reported 6 month 

$450.00 savings, and (Carter & Cox, 2000) reported similar results which resulted in a 
 

$1, 030 saving per month for psychiatric patients. 
 

Studies researching the effectiveness of the CDSS on patient outcomes and 

support for client care are (Kawamoto, Houlihan, Balas, & Lobach, 2005; Johnston et al., 

2004; Hetlevik, Holmen & Kruger, 1999). Encouraging results were reported in all of 

these studies. Kawamoto, Houlihan, Balas, & Lobach (2005) found significant 

improvement in clinical practice in 68% of the trials. Johnston et al. (2004) in a study of 

medical students’ use of personal digital assistant (PDA’s) discovered although the 
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results were mixed, mean scores for usefulness of the PDA were given a (3.9 out of 6). 

 
Utilization in the clinical setting was low, and perceived usefulness was associated with 

supportive faculty attitudes and greater knowledge of computers skills which resulted in 

increased use. 

In a systematic review of the literature conducted by Bergman & Fors (2008) of 

the use of health information technology (HIT) to improve systems in hospitals, the 

authors concluded that the overall use of HIT had these benefits:  increased adherence to 

guidelines for care, increased surveillance and monitoring of patients, yet had mixed 

effects for medication errors, and mixed effects on time utilization. The effect of HIT, 

CDSS or any electronic systems on nursing practice will have a tremendous impact. 

The broad term electronic health record (EHR) was defined by AHRQ (2008) as a 

real-time, point-of-care, patient-centric information resource. In addition, EHR has been 

defined as a longitudinal electronic record, containing data from various care settings and 

encounters. The EHR contains patient information; orders, medications, past medical 

history, base line data, notes, laboratory results, and radiology reports, among other 

things. In essence the electronic record is an electronic individual medical historian. The 

electronic medical record and EHR are used interchangeably in the literature (Hughes, 

April 2008). 

Understanding the electronic management of the many phases of the 

administration of patient medication, through the electronic medical record (EMR) is 

imperative because the effect on nursing practice promises to be substantial. In fact, 

according to Staggers, Weir, & Phansalkar (2008) a national agenda initiated by President 

Bush called for implementation in the next ten years of EHR systems to HIT. Also, 
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supporting this technology transition, AHRQ (2008) published an online handbook for 

 
Nurses, Patient Safety and Quality: An Evidence-Based Handbook for Nurses. A 

complete review of literature, future directions and recommendations for future research 

are presented in the handbook. 

Broselow-Luten Color Coding Kids 
 

A description of the Broselow – Luten Color Coding System is presented. 

Traditional standards of education and nursing care for pediatric patients involved the 

memorization of countless medications, medication math calculations, determining the 

preparation of accurate dosages, side effects, modes of administration, and drug-drug 

interactions just to name a few. Is it any wonder that the most rampant errors in the acute 

care hospitals are medication errors? Adding to an already unmanageable task of gross 

quantities of data memorization, the acute care environment involves managing high 

anxiety states for the healthcare providers as many nurses see critically ill children or 

pediatric trauma patients only on a rare, if not very rare, basis. Seeking solutions as a 

practicing emergency department physician, Dr. Broselow developed a standardized 

system for the emergency treatment of pediatric patients. (Vital-signs Inc, 2008) 

A historic, current and future review of the system was presented by DeBoer, 

Seaver, & Broselow (2005). The Broselow Color-Coded tape was introduced in 1986. 

The idea was based on a simple concept rather than the traditional method using weight 

and age to calculate dosages, the Broselow tape color-coded resuscitation packs and crash 

carts containing medications. The Broselow tape was initially designed to assist clinicians 

in the quick and accurate estimation of weight in cases of pediatric trauma. Recently it 

was used to guide clinical decisions by color coding for determining equipment sizes and 
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medications. Every pediatric chart was labeled, each piece of equipment from stretchers 

 
to arm bands and medication vials (Vital-signs Inc, 2008). 

 
At a glance the nurse can ascertain the correct equipment, treatment decision, and 

dose and baseline normal values by color zone. The CCK system was designed to be 

integrated into pharmacy and hospital systems. Supporting national recommendations, 

the parents can also track the safety of their child by accurate color zones. According to 

DeBoer, Seaver, & Broselow (2005) with pharmacy services incorporated into the color- 

coding program, an order can be made, for a drug identifying the correct weight range of 

the patient without confusion between pounds and kilograms. Many common 

medications, from Tylenol (acetaminophen) and antibiotics to biological warfare 

antidotes are now being color-coded. Color coding was also used for information to 

support clinical decision making. All doses are pre-calculated not only in milligrams 

(mg), but also in terms of the milliliters (ml) of a standard concentration and infusion 

rates where applicable. Everything from syringes, resuscitation medication boxes, 

infusion bags have rainbow labels. The pre-calculation of medication dosages has 

allowed the development of simplified therapeutic algorithms which address a wide 

variety of pediatric emergencies (DeBoer, Seaver, & Broselow, 2005). 

The researcher presented information about studies pertaining to medication 

errors in the appendices. The results are summarized in the following tables; Table 1 

Studies of CDSS implementation, Table 2 Pediatric studies of computer support systems 
 

and, Table 3 Literature pertaining to the Broselow Luten Color Coding Kids System. 



 
 
 
 
 
 
 
 

CHAPTER 3: METHODOLOGY 
 
 

The purpose of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids system in an effort to 

reduce pediatric medication errors using a sample of undergraduate nursing students. A 

simulated pediatric rapid response scenario was designed and implemented with student 

nurses in the last semester of their undergraduate nursing education program. In this 

chapter, the researcher presents the methods of this study. The research design and 

procedures for the protection of human subjects are presented. The research procedures, 

research participants, data collection procedures, the plan for data analysis and statistical 

testing are presented according to the research questions. 

Overview 
 

Seeking to obtain information about the effectiveness of the CCK system a 

simulated pediatric emergency scenario was selected for the trial to eliminate the risk of 

harm to patients. The simulated pediatric rapid response scenario was designed and 

implemented utilizing a high fidelity manikin in a simulated hospital room located at a 

community college simulation hospital and a university nursing skills lab. Student nurses 

in local programs in the Piedmont and Foothills areas of North Carolina enrolled in the 

last semester of their undergraduate nursing education program were recruited. In order 

to simulate an actual rapid response scenario, the selection of the case study scenario was 

in consultation with Dr. Robert Luten (Luten October, 10, 2008) was based on a recent 
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pediatric case in the emergency department. Dr. Luten provided the data for the case 

 
study used in the simulation. Identifying information was changed to ensure 

confidentiality of patient information. 

Research Question and Hypotheses and Procedures 
 

The analyses of the data are presented based on the researcher’s interpretation of 

the hypotheses. The research question that guided this research and subsequent 

hypotheses are as follows: 

Will nursing students in the experimental group using the CCK method of 

medication administration perform more efficiently, present better workflow 

turnaround times and demonstrate better hand- off communication than the 

nursing students in the control group? 

Null Hypotheses 
 

1.   There is no significant difference between the mean scores on safe medication 

administration for the nursing students who received the CCK treatment and 

nursing students using the traditional method of safe medication administration. 

2.   There is no significant difference between the mean scores on handoff 

communication for the nursing students who received the CCK treatment and 

nursing students using the traditional method of medication administration. 

3.   There is no significant difference between the mean scores on workforce 

turnaround time for the nursing students who received the CCK treatment and 

nursing students using the traditional method of medication administration. 
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Sample and Setting 
 

This study was conducted at a regional simulation hospital located in, a 

metropolitan area in the foothills of North Carolina and an urban nursing school 

simulation lab in North Carolina. The criterion for inclusion in the convenience sample 

was: 18 years of age, volunteer undergraduate registered nursing student, currently 

enrolled in a nursing program and preparing to graduate in May 2008, in the last semester 

of the nursing program. Students that rotate through simulation as a part of clinical 

experiences were invited to participate. The primary investigator explained the study and 

obtained signed informed consent for inclusion in the study. All students were reassured 

of anonymity and participation or refusal to participate was anonymous and did not affect 

their grades or clinical progression. 

Procedure for Data Collection 
 

Volunteer nursing students, scheduled for simulation clinical, completing 

informed signed consent were randomly assigned to the experimental or control groups. 

Participants were selected from associate degree and baccalaureate students in North 

Carolina. A sample of 68 students, 34 participants in each group was selected for the 

study. The participants were informed and agreed to treat the simulation event as a real 

life rapid response scenario and keep the information in the scenario confidential to 

control for cross-contamination of information between groups. All equipment and 

materials necessary for the rapid response scenario were available and simulated as 

closely to the hospital environment as possible. All participants experienced the identical 

pediatric rapid response scenario. The dependent variables in this study were 

representative of three tasks inherent in the administration of medication; safe 
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administration, time to perform the task, and the accuracy of the completion of 

 
documentation as evidenced by the handoff communication. Safe medication 

 
administration was measured using the MEDCHECK sheet measuring the completion of 

the 5 plus 5 rights of medication administration. The dependent variable, workflow 

turnaround time, was the time spent from the minute the nurse accepts the care of the 

patient to the completion of the documentation and transfer of the patient. The dependent 

variable handoff communication was measured by the SBAR. 

Procedure for Data Collection 
 

Two expert nurse educators trained as observers collected the data while 

observing the student participant during the simulated medication administration 

scenario. Observers independently scored the MEDCHECK tool. Results were tallied 

individually per participant by the observers and compared to establish inter-rater 

reliability. 

The results of the independent variable; experimental and control groups were 

tallied and the variances between the two groups on the dependent variables, medication 

administration, workflow turnaround time, and handoff communication were analyzed 

using multivariate analysis of variance (MANOVA). 

Procedure for Scenario 
 

A nurse educator read the initial shift report using the SBAR format for a new 

admission. The two observers began timing the participants upon completion of the 

patient assignment and report. The scenario ended upon completion of the participant’s 

submission of the SBAR and handoff report the observers then stopped the clock. Each 

participant’s time was recorded in minutes. During the simulation, the nurse educator 

observed and completed SBAR and MEDCHECK for each participant. The 
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MEDCHECK and SBAR were scored by the investigator observers using the instrument 

rubrics contained in the (APPENDICES D and E). 

Experimental Group Implementation of the (Broselow-Luten CCK System) 
 

Procedure: 
 

1.   Investigator obtained signed voluntary consent for participation. All 

participants were informed of confidentiality of information. 

2.   Each participant completed a sociodemographic questionnaire. 
 

3.   Each participant in the experimental group was given a screen shot of the 

Broselow –Luten Color Coding Kids Hospital System. The principle 

investigator instructed each participant on the use of the medication system 

and walked each participant through a sample 3 minute tutorial. All 

participants were informed that the scenario involved a pediatric patient. 

4.  All participants were informed that they could withdraw from the study at 

any point without any penalty. 

5.   All participants agreed to treat the simulation as a real life event. 
 

6.   The participants were informed by the physician actor when to transfer the 

patient and report off. 

7.   The scenario ended with submission of the SBAR, MAR and report to transfer 

care to the next nurse. 

8.   The following information was read to each participant with a patient room 

assignment. Each participant was informed they were to perform as the nurse. 
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9.   Each participant was introduced to the observers and physician for assistance 

in the scenario. Each participant was oriented to the hospital room and 

location of the medication carts and nursing unit. 

10. The following information was reported to each participant. A 12 month old 

Caucasian female weighing 10 kilograms was just admitted to the Pediatric 

unit directly from the physician’s office. She is accompanied by her mother 

who is with her at the bedside. The admitting diagnosis is a fever of unknown 

origin. Her vitals on admission are (P = 166, R= 24, T 106.6, O2 saturation 

100% on room air). The physician just arrived and is at the nursing station and 

has not seen the baby. The only order so far is an IV just started in her right 

antecubital space of D5 and 50% saline running at 43 milliliters per hour. 

Simulation: A high fidelity infant simulator (Laerdal) was used in a private room and bed 

in a simulated nursing unit. A chair for the mother, a medication cart, stocked, reference 

material, calculator, pen, and paper, nursing station with a physician, located outside the 

private room. A simulated oxygen cannula and outlet was present in the room. The 

simulator was programmed to cry then began grunting with seesaw movements of the 

chest … Mother calls for help. 

Case Scenario: 
 

A 12 month old Caucasian female was just admitted to the Pediatric unit from the 

physician’s office. She is accompanied by her mother. The admitting diagnosis is a fever 

of unknown origin. 

1.   Timing of scenario began when the mother calls for help. Mother (actor) 
 

informs participant that the child stopped breathing and began jerking and 
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shaking and drooling. (The infant simulator is programmed to seizure activity 

 
and vital signs read on arrival the patient is intermittently seizing. 

 
2.   On exam the patient is pink and well perfused and intermittently having 

generalized tonic and clonic seizure activity. The child is unconscious. 

3.   The physician was seated at the nursing station writing orders. 
 

4.   Mother states: “Is my baby going to die? I thought she just had a bad cold?” 
 

5.   Observers recorded the amount of time in minutes that it took for the students 

to call for help. 

6.   Once the physician was notified the diagnosis was stated aloud “status 

epilepticus” and provided the following orders. 

7.   Give Lorazepam seizure dose (.1 milligram per kilogram IV). 
 

8.   Patient did not improve and physician ordered Dilantin (phenytoin) 15 mg per 

kilogram IV. 

9.  Physician orders a transfer to the intensive care unit (ICU). Participant was 

instructed to document on the SBAR and handoff report to ICU nurse. 

10. Time clock was stopped after participant reports off and the submission of 

completed documentation. 

Control Group (Traditional Medication Administration) 
 

Procedure: 
 

1.   Investigator obtained signed voluntary consent for participation. All 

participants were informed of confidentiality of information. 

2.   Each participant completed a sociodemographic questionnaire. 
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3.   Calculation books, formulas and pediatric textbooks will be available for 

review for traditional medication administration. 

4.  All participants were informed that they could withdraw from the study at 

any point without any penalty. 

5.   All participants agreed to treat the simulation as a real life event. 

6.   The participants were informed by the physician actor when to transfer the 

patient and report off. 
 

7.   The scenario ended with submission of the SBAR, MAR and report to transfer 

care to the next nurse. 

8.   The following information was read to each participant with a patient room 

assignment. Each participant was informed they were to perform as the nurse. 

9.   Each participant was introduced to the observers and physician for assistance 

in the scenario. Each participant was oriented to the hospital room and 

location of the medication carts and nursing unit. 

10. The following information was reported to each participant. A 12 month old 

Caucasian female weighing 10 kilograms was just admitted to the Pediatric 

unit directly from the physician’s office. She is accompanied by her mother 

who is with her at the bedside. The admitting diagnosis is a fever of unknown 

origin. Her vitals on admission are (P = 166, R = 24, T 106.6, O2 saturation 

100% on room air). The physician just arrived and is at the nursing station and 

has not seen the baby. The only order so far is an IV started in her right 

antecubital space of D5 and 50% saline running at 43 milliliters per hour. 
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Simulation: A high fidelity infant simulator (Laerdal) was used in a private room and bed 

in a simulated nursing unit. A chair for the mother, a medication cart, stocked, reference 

material, calculator, pen, and paper, nursing station with a physician, located outside the 

private room. A simulated oxygen cannula and outlet was present in the room. The 

simulator was programmed to cry then began grunting with seesaw movements of the 

chest … Mother calls for help. 

Case Scenario: 
 

A 12 month old Caucasian female was just admitted to the Pediatric unit from the 

physician’s office. She is accompanied by her mother. The admitting diagnosis is a fever 

of unknown origin. 

1.   Timing of scenario began when the mother calls for help. Mother (actor) 

informs participant that the child stopped breathing and began jerking and 

shaking and drooling. (The infant simulator is programmed to seizure activity 

and vital signs read on arrival the patient is intermittently seizing. 

2.   On exam the patient is pink and well perfused and intermittently having 

generalized tonic and clonic seizure activity. The child is unconscious. 

3.   The physician was seated at the nursing station writing orders. 
 

4.   Mother states: “Is my baby going to die? I thought she just had a bad cold?” 
 

5.   Observers recorded the amount of time in minutes that it took for the students 

to call for help. 

6.   Once the physician was notified the diagnosis was stated aloud “status 

epilepticus” and provided the following orders. 

7.   Give Lorazepam seizure dose (.1 milligram per kilogram IV) 
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8.   Patient did not improve and physician ordered Dilantin (Phenytoin) 15 mg per 

kilogram IV 

9.   Physician orders a transfer to the intensive care unit (ICU). Participant was 

instructed to document on the SBAR and handoff report to ICU. 

10. Time clock was stopped after report off and submission of completed 

documentation. 

Observer Training Worksheet 
 

1.   Researchers were introduced to participants during orientation. The participants 

were informed that observers would not respond to them during the scenario. 

(verbally or non-verbally) 

2.   Researchers complete IRB online tutorial at UNCC. 
 

3.   Researchers were supplied with: a 30 minute orientation by investigator, copy of 

study case scenario for review before the scenario, stop watch, and pencil. 

4.   MEDCHECK scoring sheet and rubric. 
 

5.   SBAR score sheet and rubric. 
 

Research Design 
 

A prospective randomized controlled experimental research study was designed to 

evaluate the effects of the implementation of a standardized pediatric medication hospital 

system, CCK to the traditional pediatric medication administration process, in a 

simulated pediatric rapid response scenario. Effectiveness was evaluated using 

observation, medication calculation, administration, work flow turnaround time, and 

hand-off assessment documentation and report. Efforts to employ a multidisciplinary 

team as suggested by the AHRQ (2008) were implemented through close consultation 
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with nationally renowned emergency pediatric physicians, Drs. James Broselow and 

 
Robert Luten. 

 
Participants were randomly assigned to a treatment or control group. Each nursing 

student participated in one simulated rapid response stabilization event. Participants 

completed a demographic questionnaire including age, gender, ethnicity, years of 

education completed, and type of school of nursing attending.  No identifying 

information was used and all participants were given a code number. Demographic 

survey data was coded and stored in a locked cabinet. The key outcome measures were 

the effectiveness of the medication administration process evaluated by performance on 

the following tasks; (1) proper identification of the patient, (2) accurate transcription, (3) 

the right drug selected, (4) the right dosage, (5) the right time, (6) the right route, (7) the 

right assessment, (8) the right documentation (MAR), (9) the right evaluation and (10) 

education of the family. 

Instruments 
 

A sociodemographic sheet was completed for each participant containing age, 

gender, ethnicity, years of education completed, and type of nursing school attending. 

The SBAR was used to gather data about handoff communication while observing 

participants administering medication and scoring the MEDCKECK list. The measure 

was prepared by the researcher according to the traditional steps of medication 

administration procedure called the 5 plus 5 rights as described previously. (Appendix D) 

Face validity of the tool was evaluated by two nurse educators for comprehensiveness 

and ease of documentation. The tool was developed and adapted from the skills check 

sheet pharmacology text (Kee, Hayes, & McCuistion, 2006). 
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The SBAR was used to determine the quality of hand off communication. The 

 
SBAR tool was developed by Michael Leonard, MD, at Kaiser Permanente of Colorado, 

and has been increasingly adopted by several hospitals through the United States and 

supported by JCAHO for accreditation of hospitals. Face validity has been substantiated 

by these authoritative bodies and inspection of the content, however there was a paucity 

of empirical research. 

According to JCAHO (2006), medication errors reviewed from 1995 to 2005, of 

the 2537 sentinel events in general hospitals, the root cause analysis revealed an 

overwhelming majority, 70% of untoward events involved communication failure. The 

clinical environment has evolved beyond the limitations of individual performance, the 

SBAR tool was developed to reduce communication errors related to medication 

administration. The Institute for Healthcare Improvement ([IHI], 2007) supports the use 

of the SBAR in the 2007 Annual Report commenting that despite best intentions, 

miscommunication was the root cause of most medical errors. The SBAR was a relatively 

new tool in healthcare and a communication framework borrowed from the nuclear 

submarine service that was changing healthcare communication. 

Although these two prominent healthcare authorities recommend the SBAR as the 

standard of practice, Rodgers (2007) addressed the lack of empirical evidence supporting 

the use of SBAR by conducting a pilot study using the SBAR to improve nurse-physician 

phone communication. The pilot was designed to implement and measure the 

effectiveness of the tool. Rodgers used a quasi-experimental design, convenience sample 

of nurses. The dependent variables were nurses’ anxiety related to calling the physician 

and skill in communication using a survey tool. The tool was found to be internally 
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consistent. Total item analysis yielded p values of (0.00 and 0.002). Cronbach’s Alpha 

 
scores were (0.73 and 0.73). The author cautions further testing was needed. ANOVA 

values showed significant differences in the nursing unit groups. Caution was noted that 

additional research was needed. 

SBAR was used to define the components of communication necessary to hand 
 

off a patient, from one caregiver to another. Other uses for the SBAR include shift report, 

and frequently for quality improvement reports. An inexperienced, anxious, or fatigued 

nurse may omit specific important information. The primary goals of SBAR are to 

provide a structure for such communication. The communication model of the SBAR as 

described by Kaiser Permanente (2004) is: 

1.   Situation: The nurse reports a change in the patient’s condition; the nurse 

identifies his or her name and unit, the name and room number of the 

patient, and the problem. The nurse describes what is happening at the 

present time that has warranted the SBAR communication. 

2.   Background: The nurse includes relevant background information specific 

to the situation. The patient’s diagnosis, his mental status, current vital 

signs, complaints, pain level, and physical assessment findings. 

3.   Assessment: The nurse analyzes the problem. If the situation is unclear, 

the nurse tries to isolate the problem to the body system that might be 

involved and describes the problem. This assessment step is to convey 

more extensive data about the patient. 
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4.   Recommendation: The nurse states what he or she thinks would help the 

situation and provides suggestions for patient care or what might be 

helpful to the situation. 
 

5.   The SBAR was scored by two nurse educator experts in agreement using a 

pre-determined rubric of correct documentation responses, to establish 

inter-rater reliability. Each component of the documentation, Situation, 

Background, Assessment and Recommendation, will be score from 0 = no 

documentation to 5 = complete assessment for a total of 20 possible 

points. Individual participant scores and experimental and groups scores 

will be tallied and analyzed using analysis of variance. A copy of the 

SBAR is contained in (APPENDIX E). 

Hospital workflow is a process to accomplish, the set of people or other resources 

available to perform those processes, and the interactions among them (Hughes, 2008). 

Workflow turnaround time was measured in minutes, upon completion of the set of the 

medication administration tasks. In this scenario, the task was safe medication 

administration and accurate report and documentation during a pediatric rapid response 

scenario. 

Data Analysis 
 

For study variables measured at the interval level, descriptive statistics (mean, 

median, mode, and standard deviation) are reported. For variables measure at the nominal 

and ordinal level (frequencies and percentages) were reported. Preliminary data analysis 

included comparing the experimental and control groups on all sociodemographic 

characteristics. The Fisher's Exact Test which is a post hoc test for numerous means was 
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used to compare the groups for variables measured at the nominal and ordinal level. The 

 
Mdn, M, and SDs were computed for all demographic variables to describe the sample 

set. The data are presented in Table 2 below. 

The independent variables included the experimental and control groups and the 

dependent variables in this study were medication administration, turnaround time, and 

handoff SBAR documentation. Due to more than one dependent variable and the need for 

corrective factors, a MANOVA was used to determine significance as related to the null 

hypotheses. 

Description of Participants 
 

The experimental and control groups were compared on all sociodemographic 

variables which included age, gender, ethnicity, and previous education. An independent 

t-test was used to assess differences between study groups. Study variables measured at 

the nominal level in categories were compared using the Fisher's Exact Test. A summary 

of the comparison of the experimental and control groups is presented in Table 2. 

The sample included (N = 68) with (n = 34) participants in each group. As 

illustrated in Table 2, the average age for the experimental group (28 years) was not 

significantly different from the average age of the control (31 years) (p = .22). The total 

sample was predominanetly female (61) and included (7) males. There was no significant 

difference in the groups for gender composition with (2) males in the experimental and 

(5) in the control group (p = .43). Previous educational experience did not significantly 

differ between the groups with the highest education level a bachelor degree with (7) in 

the experimental and (5) in the control group (p = .63). The ethnic background in the 

experimental group consisted of two African–American and 31 Caucasians and one 
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Hispanic,  participants in the and control group were two African–Americans, 32α 

 
Caucasians, and one Hispanic. The α level of p < .01 was used to lessen the possibility of 

committing s Type I error. 

Table 2 Comparison of Study Groups on Sociodemographic Variables 
 

Variable Experimental Control Statistic 
  (n = 34)  (n = 34)  (p)   

 
Age in years p = .22 

 
M 

Median 

Range 

SD 

Gender 

Female (61) 

Male (7) 

Education 

GED 

High school 

Associate degree 

Bachelor’s degree 

Ethnicity 
 

African-American 

Caucasian 

Hispanic 

28.76 
 

26.50 (19 

- 50) 

8.24 
 
 
 
 
32 (94.12%) 
 

2 (5.88%) 
 
 
 
 

1 (2.94%) 
 
21 (61.76) 
 

5 (14.71%) 
 

7 (20.59) 
 
 
 
 

2  (5.88) 
 
31 (91.18%) 
 

1 (2.94%) 

31.21 
 

29.50 (20 

– 49) 

8.15 
 
 
 
 

29 (85.29%) 
 

5 (14.71%) 
 
 
 
 

3   (8.82%) 
 
23 (67.65%) 
 

3   (8.82%) 
 

5 (14.71%) 
 
 
 
 

2 (5.88%) 
 
32 (94.12%) 

 
 
 
 
 
 
 
 
 
 
 
p = .43 
 
 
 
 
 
 
 
p = .63 
 
 
 
 
 
 
 
p = .99 
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Summary 

 
The author described the purpose of this research and procedures used to compare 

the effectiveness of traditional nursing medication administration with the Color Coding 

Kids system in an effort to reduce pediatric medication errors using a sample of 

undergraduate nursing students. The research hypotheses and analysis of the hypotheses 

were explained. The sample and setting, procedure, instruments, case scenario, 

simulation and design were outlined. The procedure for the analysis of the data conducted 

was also presented. 



 
 
 
 
 
 
 
 

CHAPTER 4: RESULTS 
 
 
 

Introduction 
 

The researcher used a randomized experimental design to examine mean 

differences in treatment and control conditions. Nursing students, as subjects, were 

recruited, interviewed and randomly assigned from local area nursing programs 

completing the final semester requirements for graduation and the completion of the 

NCLEX licensure exam in 2009. All student subjects had successfully completed the 

required pediatric nursing requirements and were at least 18 years of age. 

Data collection processes were divided into three stages for conducting the 

required analyses: (a) a comparative description of the two study groups, the treatment 

group using the CCK system and the control group using the traditional method of 

medication administration; (b) preliminary data analyses; and (c) analyses used to answer 

the research hypotheses. Statistical findings are presented in each of these sections. 

Research Question 
 

Before conducting the major analyses, all data were screened for outliers and 

normality of the distribution and statistical assumptions were tested. There were no 

outliers detected for the MEDCHECK dependent variable. There were multiple outliers 

detected (5 in the treatment and 2 in the control conditions) for the SBAR and one 

detected for MINUTES. All the analyses were run with and without the outliers. Based 

on these results a decision was made to include outliers in the following analyses. 
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The distribution for MEDCHECK and SBAR appeared normality distributed but 

MINUTES was positively skewed. Because the sample sizes for each condition are equal 

the results should be robust for violating this assumption. Additional nonparametric 

statistics were calculated to verify all parametric statistics. The means, SD, and, skewness 

coefficients, and kurtosis coefficients for the three dependent variables are reported in 

Table 3. 

Table 3: Comparison of Study Groups on the Three Main Outcome Variables 
 

Variable 
 

(N = 68) 

Experimental 
 

(n = 34) 

Control 
 

(n = 34) 

Statistic 
 

(p) 

MINUTES   p = .72 
 

M 
 

17.18 
 

17.65  

 

SD 
 

6.66 
 

5.95  

 

Mdn 
 

16 
 

16  

 
SBAR 

   

 

Mean 
 

8.15 
 

6.53 
 

*p =.02 
 

SD 
 

2.31 
 

3.26  

 

Mdn 
 

8 
 

7.5  

 
MEDCHECK 

  

M 
 

6.35 
 

4.38 
 

**p = .0005 

  

SD 
 

2.04 
 

2.41  

  

Mdn 
 

6 
 

4  

*p <.05, **p < .01, 
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A MANOVA was conducted with the independent variable as the treatment and 

control conditions and the dependent variables were MINUTES, SBAR, and 

MEDCHECK. Using the Wilk's λ, the combined dependent variables were statistically 

affected by the treatment, Wilk's λ = .81, F (3, 64) = 4.94, p = .004. This indicated that 

there was a statistically significant difference between the conditions on a linear 

combination of the dependent variables. Following up using univariate F and applying 

Bonferroni's correction (adjusted alpha was .017), there were statistically significant 

difference in the means between the experimental and control groups on MEDCHECK, 

(F(1, 67) = 13.21, p = .001) but not (F(1, 67) = .094, p = .76) or SBAR, (F(1, 67) = 

5.57, p = .02). The magnitude of differences between the groups on MEDCHECK was 

large (d = .79) indicating that the CCK condition had a much higher mean than the 

control condition. SBAR did not meet the stringent level of statistical significance (p < 

.017 but the magnitude of the difference was moderate (d = .58) and the post hoc power 

was .64. Using a one-tailed test, which would increase power, there was a statistical 

significant difference between the two groups for SBAR. 

Additional nonparametric tests were used to examine the robustness of the 

MANOVA. Results from Mann-Whitney U tests agreed with the results of the univariate 

F tests, there was a significant difference between the groups on the analyses of the ranks 

for (MEDCHECK) (Mann-Whitney U = 318, Z = 3.24, p = .001) but not for (MINUTES) 

(Mann-Whitney U = 546, Z = .39, p = .70). Using a one tail test there was a statistically 

significant difference between the condition for (SBAR) (Mann-Whitney U = 423, Z = 

1.93, p = .03). 
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Summary of the Findings 
 

The purpose of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids system in an effort to 

reduce pediatric medication errors using a sample of undergraduate nursing students. A 

simulated pediatric rapid response scenario was designed and implemented with student 

nurses in the last semester of their undergraduate nursing education program. 

The independent variables included the experimental and control groups and the 

dependent variables in this study were medication administration, turnaround time, and 

handoff SBAR documentation. Due to more than one dependent variable and the need for 

corrective factors, a MANCOVA was used to determine significance as related to the null 

hypotheses. 

It was hypothesized that the CCK condition would perform better on turnaround 

time, handoff communication, and safe medication administration. While the means for 

the CCK condition were higher on SBAR and MEDCHECK and lower on MINUTES, 

there were only statistically significant differences for MEDCHECK. The magnitude of 

difference between the conditions was large with the CCK condition having a much 

higher MEDCHECK mean than the control condition. SBAR did not meet the stringent 

level of statistical significance (p < .017 but the magnitude of the difference was 

moderate (d = .58) and the post hoc power was .64. Due to the moderate magnitude of the 

SBAR results and possibility of committing a Type II error a one-tailed test, was 

conducted which would increase power. Using the one-tailed test, there was a statistically 
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significant difference between the means of the two groups for SBAR, with the CCK 

 
condition having a higher mean than the control condition. 



 
 
 
 
 
 
 
 

CHAPTER 5: DISCUSSION, CONCLUSION, AND RECOMMENDATIONS 
 
 
 

A synopsis of the present investigation including the statement of the problem, the 

statement of the purpose, the research question, a description of the instruments, and the 

statistics used are presented by the researcher in this chapter. The conclusions are 

discussed; nursing implications and recommendations for future study are included. 

Synopsis 
 

Medical errors are one of the leading causes of death and injury in America. 

Pediatric patients are particularly vulnerable to adverse events. The problem of 

medication errors in hospitals and the vulnerability of pediatric patients to adverse drug 

events (ADEs) are well substantiated. Researchers reveal one of every five doses 

administered by nurses was in error. The rate for potential adverse drug events was 

reportedly three times higher in children, and substantially higher in the neonatal 

intensive care units. 

Although some improvements have been made in the past 10 years, system 

changes are not adequate. Contributing factors to the lack of change include resistance to 

change by presenting barriers such as the punitive environment in hospitals, physicians' 

denial of the problem, lack of leadership and lack of systems thinking. 

A new bedside technology the CCK system was developed to reduce errors at the 

point of care. The CCK system was developed from the Broselow-Luten tape using 

length to standardize pediatric dosages. Although there is evidence of the positive effect 
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of the Broselow-Luten tape in reducing weight error estimates, and improving work flow 

 
time, the need for a comprehensive assessment of the newly developed CCK clinical 

decision support system technology remained. 

The intention of the researcher was to compare the effectiveness of traditional 

nursing medication administration with the Color Coding Kids system in an effort to 

reduce pediatric medication errors using a sample of undergraduate nursing students. This 

study was designed as a clinical trial to test in a simulated environment the 

implementation of CCK system for the nursing administration of medication in a 

pediatric rapid response scenario while providing a safe means of examining the effect of 

this hospital computer system based on the Broselow-Luten Color Coding Kids 

standardized medication dosages. This investigation was conducted in consultation with 

two nationally recognized experts in pediatric emergency care, Drs. James Broselow, and 

Robert Luten. 

The underlying assumptions of the study were that the implementation of the 

CCK system may prevent or reduce the incidence of human error in the process of 

nursing medication administration, improve workflow time, and improve handoff 

communication. 

Hughes (2008) proposed using simulation as an educational strategy of 
 

medication administration and errors in a controlled setting to improve medication safety, 

duplicate the nurse-patient interaction and related cognitive thought. Suggesting further, 

simulation to prepare nurses to recognize and manage medication errors when and if they 

occur. 
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Due to the need for further research exploring new technologies to reduce 

 
pediatric medication errors, an effort was made to compare the extent of the effect of the 

implementation of the CCK system on the safety of pediatric medication administration. 

In addition, the effect of the CCK system on workforce turnaround time, and improved 

handoff communication was measured in a rapid response simulation scenario, and 

compared to the traditional method of pediatric medication administration. The analyses 

of the data are presented according to the research hypotheses. 

Research Question 
 

The research question that guided this research and subsequent hypotheses were 

as follows: 

Will nursing students in the experimental group using the CCK method of 

medication administration perform more efficiently, present better workflow 

turnaround times and demonstrate better hand-off communication than the 

nursing students in the control group? 

The literature review covered the following research areas: medication errors in 

the acute-care hospital setting in the United States, pediatric medication errors, system 

efforts to develop solutions to the problem of medication errors and healthcare reform, 

clinical decision support technology (CDSS) and specifically the (CCK) system. The 

CCK system was described. 

The dependent variables in this study represented three of the general tasks 

inherent in the administration of medication; safe administration, time to perform the 

task, and the accuracy of the completion of documentation as evidenced by the handoff 

communication. Safe medication administration was the completion of the 5 plus 5 rights 
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of medication administration measured by the MEDCHECK. For the purpose of this 

 
study, the dependent variable workflow turnaround time, was the time in spent from the 

minute the nurse accepts the care of the patient to the completion of the documentation 

and transfer of the patient. 

The instruments used for this study were: a sociodemographic questionnaire, 

MEDCHECK, SBAR, and time recorded in MINUTES. A sociodemographic sheet was 

completed for each participant containing age, gender, ethnicity, years of education. The 

MEDCHECK was used to gather data for the first hypothesis while observing 

participants administering medication. The measure was prepared by the researcher 

according to the traditional steps of medication administration procedure called the 5 plus 
 

5 rights as described previously. The SBAR was used to determine the quality of hand off 

communication. The SBAR tool was developed by Michael Leonard, MD, at Kaiser 

Permanente of Colorado, and has been increasingly adopted by several hospitals through 

the United States and supported by JCAHO for accreditation of hospitals. Face validity 

has been substantiated by these authoritative bodies and inspection by the researcher and 

research assistant of the content. 

The SBAR tool was developed to reduce communication errors related to 

medication administration. The Institute for Healthcare Improvement ([IHI], 2007) 

supported the use of the SBAR in the 2007 Annual Report commenting that despite best 

intentions, miscommunication was the root cause of most medical errors. The SBAR was 

a relatively new tool in healthcare and a communication framework, borrowed from the 

nuclear submarine service, and was changing healthcare communication. 
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SBAR was used to define the components of communication necessary to hand- 

off a patient, from one caregiver to another. The primary goals of SBAR are to provide a 

structure for communication. The communication model of the SBAR as described by 

Kaiser Permanente (2004) is: 

1.  Situation: The nurse reports a change in the patient’s condition; the 

nurse identifies his or her name and unit, the name and room number 

of the patient, and the problem. The nurse describes what is happening 

at the present time that has warranted the SBAR communication. 

2.  Background: The nurse includes relevant background information 

specific to the situation. The patient’s diagnosis, his mental status, 

current vital signs, complaints, pain level, and physical assessment 

findings. 

3.  Assessment: The nurse analyzes the problem. If the situation is 

unclear, the nurse tries to isolate the problem to the body system that 

might be involved and describes the problem. This assessment step is 

to convey more extensive data about the patient. 

4.  Recommendation: The nurse states what he or she thinks would 

help the situation and provides suggestions for patient care or what 

might be helpful to the situation. 

5.  The SBAR was scored by two nurse educator experts in agreement 

using a pre-determined rubric of correct documentation responses, to 

establish inter-rater reliability. 
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Workflow turnaround time was measured by the completion of the set of tasks, 

grouped chronologically into processes, interacting with a set of people or resources 

needed to accomplish a given goal. In this scenario the task was safe medication 
 

administration in a pediatric rapid response scenario. Hospital workflow was the process 

to accomplish, the set of tasks during the simulation and the interactions among them. 

Descriptive statistics were used to describe the experimental and control groups 

with regard to all sociodemographic variables. Measures of central tendency were 

computed on all variables measured at the interval or ratio level. With continuous 

measures, an independent t-test was used to assess group mean differences. Nominal and 

ordinal categorical data was analyzed using the Fisher's Exact Test, due to the small 

sample size and equal numbers in each group, to detect differences in the means of the 

groups. 

The data were examined to determine whether they met the underlying 

assumptions. Before conducting the major analyses, all data were screened for outliers 

and normality of the distribution and statistical assumptions were tested. Because the 

sample sizes for each condition are equal the results should be robust for violating this 

assumption. Additional nonparametric statistics were calculated to verify all parametric 

statistics. 

A MANOVA was conducted with the independent variable as the treatment and 

control conditions, and the dependent variables were the time in minutes of workflow 

turn around, handoff communication and safe administration of medication. 
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Review of Findings 

Comparing sociodemographic variables between the experimental and control 

groups, the average age for the experimental group was (28) years and not significantly 

different from the average age for the control group. There were no significant 

differences between the groups on gender, ethnicity, and previous education level. 
 

It was hypothesized that the CCK condition would perform better on turnaround 

time, handoff communication, and safe medication administration. While the means for 

the CCK condition were higher on MEDCHECK and lower on MINUTES, there were 

only statistically significant differences for the MEDCHECK. The magnitude of 

difference between the conditions was large with the CCK condition having a much 

higher MEDCHECK mean than the control condition. However, using a one tailed test 

and the related significance level, there was a statistically significant difference between 

the two conditions on SBAR, with the CCK condition having higher mean scores than the 

control condition. 

The results indicated that there was a significant difference between the groups on 

safe administration of medication. Nursing students participating in the CCK treatment 

scored significantly better on safe medication administration. The magnitude of the 

difference was impressive with the treatment group performing significantly safer 

medication administration in a simulated environment. It was not surprising to find such a 

difference as the CCK system contains pre-calculated standardized pediatric dosages. 

These results support previous research by Hohenhaus, Caldwell, Stone-Griffith, Sears- 

Russell, Baxter, et al (2008) and Mahoney et al (2007) demonstrating improved accuracy 

by nurses in the administration of medication using the CCK system. However, the lack 
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of significance of the effect of CCK on workflow turnaround time did not support the 

 
results of a previous study by Hohenhaus, Caldwell, Stone-Griffith, Sears-Russell, 

 
Baxter, et al. (2008) reducing workflow time. 

 
The lack of significance between the mean scores of the groups on the turnaround 

time variable may partially be attributed to the human computer interaction factor. This 

research supports a previous study by Roukema et al. (2008) that CDSS did not improve 

turnaround time. 

An additional factor to consider was the previous student instruction about 

medication administration. Students were instructed in their nursing programs for several 

semesters on the traditional method of medication administration in nursing school. The 

two nurse educator investigators noted anecdotally that students often calculated the 

dosage in spite of the CCK system instructions. A mandatory curriculum requirement of 

nursing students was that they are instructed to calculate medications for pediatric 

patients per kilogram body weight and recheck orders before administration. An 

additional factor that may have contributed to the lack of statistic significance in reduced 

turnaround time was the lack of manual dexterity preparing medications for parenteral 

administration compared to the previous study using experienced nurses. 

The participants’ lack of familiarity with the new CCK system also led to student 

questions during the experimental simulated scenario such as “Is this OK to do? Aren’t 

we supposed to calculate it and recheck?” The participants in the experimental group 

were all instructed to use only the CCK system during the scenario as the standard of 

care. Some participants were confused by the lack of difficulty with the CCK system and 

challenged the investigators. Three participants, cognizant of being observed, questioned, 
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“Is this a trick? We don’t have to calculate this?” Investigators did not respond to 

 
questioning. Another contributing factor was the urgency of the scenario. Individuals 

 
may respond differently to urgent situations based on personality factors which were not 

controlled for in this study. 

The lack of significance between the mean scores of the groups on the handoff 

communication (SBAR) may partially be attributed to the position of “novice” or student 

nurse. Both group medians were below 50% of the items recommended in a handoff 

report. Participants lacked the experience and critical thinking ability of expert nurses 

using the tool in the acute care settings. The tool was relatively new and not standard to 

nursing education curriculum. All participants were familiar with the tool and lacked 

practice applying the instrument to clinical situations. 

Conclusion 
 

The researcher concluded that the treatment condition with the CCK system had a 

highly significant effect on the safe administration of medication in a simulated pediatric 

rapid response scenario compared to the traditional method of medication administration. 

No significant differences between the groups were evident on the handoff 

communication. Although SBAR did not meet the stringent level of statistical 

significance the magnitude of the difference was moderate. Using a one-tailed test, there 

was a statistically significant difference between the two groups for SBAR. No 

significant differences between the groups were evident on the workforce turnaround 

time. The mean scores of both groups on the SBAR suggest that another intervening 

variable, not measured in the present research, may be influencing these findings. For 

example, students verbalized uncertainty about trusting the new system CCK and 
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violating previous educational instructions. These findings may also reflect a limitation of 

 
the novice nurses’ lack of experience using the SBAR instrument. 

 
The results of this trial using the CCK system compared to the effectiveness of 

traditional nursing medication administration have important implications for nursing 

practice and nursing education. The safe administration of medication is the 

responsibility of the professional registered nurse. In light of current data presenting the 

many problems with medication errors, particularly with pediatric patients, the present 

study provides evidence of a promising technological breakthrough in the prevention of 

pediatric medication errors. Needlessly, precious time is often wasted in emergency, live 

threatening situations. Nurses are calculating medication dosages and looking for 

information about medications. The Broselow–Luten System provides accurate dosing 

and critical data for the nurse in a matter of seconds. It is not surprising that a significant 

improvement in safe dose administration was demonstrated in this study. 

The lack of student clinical experience may have influenced the SBAR scores 

yielding lower total scores and influencing test results. Considering the stage of 

development in nursing science, measuring hospital handoff communication and the 

refinement of instruments measuring nursing report communication was indicated. 

Workforce turnaround time was not significantly impacted by the CCK treatment in this 

study. Evidence during data collection, was the students uncertainty related to veering 

from traditional medication administration. An additional consideration possibly 

impacting the time was the lack of manual dexterity demonstrated by students preparing 

medications. The impact of the human – computer interaction documented by Swenson 

(2008) was demonstrated during this study. The use of simulation for the education and 
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training of medication administration as suggested by Staggers, Weir, & Phansalkar 

 
(2008) provides a safe means of further investigation. 

 
Recommendations for Further Study 

 
Recommendations for further research include the continued examination of the 

factors that contribute to the incidence of medication errors in the acute care settings. In 

addition, the continued testing and use of technology and simulation to improve 

medication administration and nursing practice was indicated. Active participation of 

nurses in the research, development, transition and implementation of technology at the 

bedside is critical to ensure the safety of patients. 

The safe administration of medications in emergency pediatric care, and the well 

being of children in emergent situations cannot be overstated. Given the highly 

significant results of this clinical research, the swift implementation of a CDSS system 

such as CCK should be prioritized as an industry best practice. 

Research testing handoff communication tools such as the SBAR is necessary for 

the further development of reliable and valid communication tools to prevent medication 

errors and safeguard the care of patients. Developing accurate handoff communication 

tools and utilizing simulation as a safe testing environment provides promise for future 

resolutions. Replicating this study with experienced nurses in the clinical setting may 

provide additional information about the implementation of CCK system in the clinical 

setting to reduce pediatric medication errors. Best nursing practice is continual, 

unrelenting perseverance to eradicate preventable pediatric medication errors. The 

protection of vulnerable pediatric patients is the responsibility of parents, society, 

healthcare providers, researchers and practitioners, business and industry. 
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APPENDIX D: PEDIATRIC RAPID RESPONSE MEDICATION SCENARIO 

CHECKLIST 
 

Date:    Total    
 

Participant code number    
 

PEDIATRIC RAPID RESPONSE MEDICATION SCENARIO CHECKLIST 
 

(Scoring Rubric) Total possible 11points 
 

Safe Medication Administration 
Check Measure 

Check column upon 
safe completion of task 

Do NOT check square 
and record error in box 

1.   Proper identification of the 
patient  (1 point ) 

  

2.   The right drug selected 
(1 point ) 

  

3.   The right dosage (1 point ) 
Dilution (1) 

  

4.   The right time (1 point )   

5.   The right route (1 point )   

6.   Right assessment (1 point ) 
Did they check 
compatibility, allergies? 

  

7.   The right documentation 
(MAR) 
time/dose/route/initials 
(1 point ) 

  

8.   The right evaluation 
(1 point ) 

  

9.   Education of family member 
 

(1 point ) 

  

10. Right to refuse (Did they 
check or inform with the 
mother?) (1 point ) 

  

 
Observer:    
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APPENDIX E: SBAR RUBRIC 

 

 
Code number Total points Observer initials: 
HANDOFF/REPORT TOOL (Scoring Rubric) Total score 

 
S 
Situation (5) 

 
 
 
 
Total score: 

Name Carol Long 
Age 12 months 
Diagnosis- FUO, Status Epilepticus (1point) 

 
Situation: 5-10 second “punch line” – What is happening now? What are 
the chief complaints or acute changes? 

1.   Patient is sleeping (R 24) color pink P-130 T-105.6 (1point) 
2.   14:00 tonic and clonic seizures, absence of respirations and 

became cyanotic (1 point) 
Meds (3 points): 

IV Lorazepam at   (1) 
Phenytoin Loading IV (1) 

3.   Pt responded color improved and vitals –no evidence of 
seizure activity presently(1 point) 

B 
Background (5) 

 

 
 
Total score:    

Allergies/ any problems with contrast? 
 
What factors led up to this event? Pertinent history (eg, admitting 
diagnosis) & objective data (eg, vital signs, labs) that support how patient 
got here. 
The patient has_ 
Elevated temp 106.6 on admission and sent from pediatrician’s office 
to be admitted. Began seizuring on admission, Mother reported cold 
like symptoms, current vitals (1 point for each 
underlined   
  Did the student document allergies (1 point) 

A 
Total score:    
Assessment (5) 

 
What do you see? What do you think is going on? A diagnosis is not 
necessary; include the severity of the problem. 
I think the problem is_ 
Febrile (1), 
Respiratory congestion (1point), 
Respiratory infection or pneumonia (1 point) 
Responding to interventions (1 point) 
Color (1 point) 

R 
Total score:    
Recommendation (5) 

What action do you propose? State what the patient needs (get a time 
frame). 
I request that you Continue to monitor assess respiratory status & cough  
chest x-ray needed and order for O2, and LOC, vitals q15 minutes 
until stable, observation by RN and instruction to mother, IV of D 5 
0.5 saline at 43 ml/hr rate microdrip, ( point for each underlined) 
Transfer to ICU for closer monitoring 
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Scoring Instructions for Research Assistant Nurse Educators 
 

SBAR Instrument 
 

Two nurse educators will independently score the SBAR. Each section under the 

SBAR documentation is worth 5 points per section. In order to remain objective the raters 

are asked to score only the data presented on the key to the SBAR. If a student does not 

report the information on the SBAR form subtract one point for every missed item. For 

example if the participant does not report the current vital signs in the S (situation) 

section but included other items they would receive a score of 4. The total number of 

points obtainable for this instrument is 20 points. Please record the participant number 

and total score at the top right of the SBAR page. 

Scoring for the PEDIATRIC RAPID RESPONSE SCENARIO 

MEDICATION CHECKLIST 
 

Two nurse educators will independently score the checklist. Each section under 

the checklist is worth one point per section. In order to remain objective the raters are 

asked to score as one point is the participant did the action or 0 if the participant did not 

complete the action. Any attempt by the participant to inform the mother on # 9 or 

educate the mother is scored as one point. Please record the Code number for each 

subject and total score on the top right corner. 
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APPENDIX F: POSTED FLYER 

 
 

Calling All Senior Nursing Students 
 

Join Us in an Effort to Protect Vulnerable Children by 
Participating in a Research Project 

 
 
 

Who is eligible: Enrollment in an entry level  nursing program (BSN) or 

(ADN).  Student must be  in the last semester of their 

studies and ready to graduate in spring semester of 2009. 

Students  must have taken pediatric nursing and must be at 

least 18 years old and a student at UNCC or CVCC or 

simulation clinical student at CVCC. 

What: Pediatric simulation participation. All information and 

participation confidential –not even your instructor will 

know!!! We use numbers not names 

Where: UNCC nursing lab or CVCC simulation hospital 
 

Why: Help us improve the safety of nursing care through 

research. Be eligible to enter a drawing for free NCLEX 

licensure fees. Receive a Certificate of Participation for 

your portfolio. Just contact: Colleen Burgess at 828-327- 

7000 ext 4592, or LuAnn Martin 828-327-7000 4224 
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APPENDIX G: Letter to Department Heads 
 
 

January, 2009 
 

Dear Department Head for Nursing, 
 

My name is Colleen Burgess, a nurse educator and doctoral candidate at UNCC 

specializing in nursing educational leadership. I will be conducting a research project at 

the Catawba Valley Regional Simulation Hospital. The simulation will be a pediatric 

scenario intended for senior graduating nursing students that have completed their 

pediatric rotation. The scenario is based on a real case. Your students are invited to 

participate during their regularly scheduled simulation clinical or at their convenience 

during a scheduled research simulation time. No individual data will be identified. All 

participants will be coded and no names will be used. The scenario total time will be 

approximately 30 to 40 minutes which includes orientation to the project and the 

simulated nursing unit. We believe this experience will be not only informative but 

exciting to participate in a research project. We will be conducting the research in 

January and February 2009. 

Attached please find fliers that can be posted in the nursing department. I hope 

that you will share this opportunity with your students. If I may, I would like to visit your 

nursing class for 5 minutes and inform them of the project. I can be contacted by e-mail 

at cburgess@cvcc.edu or 828-327-7000 extension 4592 to set a time to meet with 

students or answer questions. A schedule will be sent to you with the dates we will be 

conducting the research. Participants will be given a certificate of participation for their 

professional portfolios and a raffle ticket for a chance to win reimbursement for their 

NCLEX licensure fee. 

Thank you for your attention. 
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College of Education 
 

Department of Educational Leadership 
 

UNC Charlotte 
Educational Leadership 

266 College of Education Bldg. 
Charlotte, NC 28223-0001 t/ 704.687-8856 

 
University of North Carolina-Charlotte 
Study Title:  A Comparison of Traditional Medication Administration and Color Coding Kids 
Principle Investigator: Colleen Burgess 

 
Telephone number of the researcher: 704-458-4099 and E mail ccburge2@uncc.edu 

 
The information presented to you here is designed to inform you of the nature of the study and your rights 
about participating in the study. You are a volunteer. The decision to participate in this study is completely 
up to you. If you decide to be in the study, you may stop at any time. You will not be treated any differently 
if you decide not to participate. 

 
What is the objective of the study? 
The objective of the study is to gain knowledge about the current practice of nursing medication 
administration and the impact of computer technology. 
How many people will participate in this study? 
70 participants will be selected. 
How much time will it take to participate in this study? 
Approximately 30 minutes. 
What will happen if you participate in the study? 
You will be asked to provide nursing care and assessment documentation in a simulated 
environment to a child in distress. We will be using manikins for the study. 
What might some of the benefits of participating in this study be? 
Participants will receive a certificate of participation in a nursing research study for their career portfolio. 
Each participant completing the scenario will be given a raffle ticket toward reimbursement for their 
licensure fee for NCLEX. 
What are some of the possible risks or annoyances that may occur from participating in this study? 
You may feel uncomfortable or anxious in a simulated experience or embarrassed. It is like role playing. 
How will your privacy be protected? 
No names will be used and the performance is confidential. All forms for the simulation are numbered not 
named and the names are not recorded. 
What if you have questions about this study? 
You may contact Colleen Burgess at 704-458-4099 e-mail ccburge2@uncc.edu or Dr. J. Allen Queen 704- 
687- 8856 in writing to UNCC, 9201 University City Boulevard, Charlotte,28223. 
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What if you have questions about your rights about participating in this study? 
UNC Charlotte wants to make sure that you are treated in a fair and respectful manner. Contact the 
University’s Research Compliance Office (704-687-3309) if you have any questions about how you are 
treated as a study participant. 
What are some general things you should know about research studies? 
You are being asked to take part in a research study.  To join the study is voluntary.  You may refuse to 
join, or you may withdraw your consent to be in the study for any reason without penalty. 

 
Research studies are designed to obtain knowledge. This new information may help people in the future. 
You may not receive any direct benefit from being in the research study. There also may be risks to being 
in research studies. 

 
Details about this study were discussed above. It is important that you understand this information so that 
you can make an informed choice about being in this research study. You will be given a copy of this 
consent form.  You should ask the researchers named above any questions you at any time. 

 
Participant Consent: 
I have read the information in this consent form. I have had the chance to ask questions about this study, 
and those questions have been answered to my satisfaction. I am at least 18 years of age, and I agree to 
participate in this research project. I understand that I will receive a copy of this form after it has been 
signed by me and the Principal Investigator. 

 
 
 

Participant Name DATE 
(PRINT) 

 
 
 

Participant Signature DATE 
 
 
 
 

Investigator Signature DATE 
 
 

This form was approved for use on January, Day,2009 for a period of one (1) year. 
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APPENDIX H: PARTICIPANT DEMOGRAPHICS 
 

Code number:    
 

Date:    
 

Thank you for completing this survey. I appreciate your willingness to participate 

in this project. Your individual responses will be kept confidential. The data will be 

reported only in a summary format and will be available upon request. 

Please complete the demographic information below. 
 

1.   Anticipated nursing graduation date.    
 

2.   Which program of study? 
 

a.   Associate degree nursing (ADN) 
b.   Baccalaureate nursing (BSN) 

 
3.   What is your gender? 

a.   Female 
b.   Male 

 
4.   What is your ethnicity? 

a.   Caucasian 
b.   African American 
c.   Asian 
d.   Other    

 
5.   Previous educational background? (Select only if you have completed) 

a.   GED 
b.   High school graduate 
c.   Associate degree 
d.   Baccalaureate degree 
e.   Master’s degree 
f. Other 

 
6.   Age    

 
 
 

Thank you. 
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This certificate is presented to 
 

[Name] 
For participating in a nursing research project about 

Safe Pediatric Medication Administration Color 
Coding Kids 

 
 
 
 

Dated this   day of   , 20  . 
 
 
 
 

Investigator 


