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Abstract 

Nursing education seeks effective and innovative ways to deliver quality instruction that will aid 

nursing students and hospital graduate or registered nurses in becoming competent healthcare 

authorities in peripheral intravenous catheter insertion. The research focused on the efficacy of 

using near infrared vein finding technology (NIVFT) to insert intravenous catheters with new 

first time nurses while studying perceived confidence level when performing IV cannulation 

skill. The purpose of this mixed-methods study was to determine if the inclusion of NIVFT for 

patient IV cannulation as a prerequisite teaching method and preferred IV insertion method for 

novice and advanced beginner nurses improved anatomical choice and increased their 

confidence. The study examined the successful or unsuccessful IV cannulation attempt with 

NIVFT, based on first IV insertion only. Emphasized throughout the study is Patricia Benner’s 

theory of ‘Novice to Expert’. A paired t-test showed a significant difference in the confidence 

after the intervention of NIVFT endorsed by participants between pretest posttest survey results. 

The confidence level endorsed by participants’ IV placement with NIVFT at pretest  

(n = 26, M = 3.65, SD = 0.33) significantly increased at posttest (n =26, M = 4.16, SD = 0.36). 

The confidence level endorsed by participants’ IV placement with NIVFT at pretest significantly 

increased at posttest.  The results supported the use of NIVFT by novice and advanced beginner 

nurses during all levels of nursing education. The interviews, questionnaire answers, and 

discussions validated the nurses’ positive experience using NIVFT as a prerequisite method for 

inserting peripheral intravenous catheters. 

Keywords:  Near infrared, vein finding technology, intravenous cannulation, novice 

nurse, nursing simulation, nursing education, patient care, nursing confidence, 

constructivism, phenomenology  
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CHAPTER 1 INTRODUCTION 

Introduction to the Problem 

Nursing education curriculum does not readily make use of near infrared vein finder 

technology (NIVFT) in hospital-based nurse training and NIVFT is lacking in several pre-

licensure nursing school programs. Research suggests that the need for proper IV insertion 

training has an interrelationship with cost-driven decisions and the cost-effectiveness of NIVFT 

training in comparison to clinical benefits (Juric, Flis, Debevc, Holzinger, & Zalik, 2014). The 

central theme of this dissertation is the inclusion of NIVFT in clinical instructional settings and 

nursing curricula may improve the novice and advanced beginner nurse’s self-efficacy and prove 

to be a vital tool in the development of peripheral IV cannulation skills and prevent multiple IV 

insertion attempts. This may be beneficial for both pre-licensure nursing education and nursing 

care in real live patient settings; thusly, seeking to lend support by making use of evidence that 

may help in the reduction of uncertainties nurses face with new and problematic challenges 

throughout clinical and didactic training (Thompson & Yang, 2009).  

According to Benner (1984), the novice nurse has no experience in many patient care 

situations in which the expectation is to perform without hesitation and the advanced beginner 

nurse may have prior experience with marginal demonstrated performance yet continues to 

require occasional supportive cues. This study examines the novice nurse defined as a graduate 

nurse (GN) hired to work in the inpatient hospital care setting on a temporary practice license 

prior to passing the NCLEX exam. The advanced beginner nurse is a licensed registered nurse 

(RN) who has passed the NCLEX board examination successfully within the past year and is a 

first time, newly hired nurse assigned to the inpatient hospital care setting.  
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Nursing education seeks effective and innovative ways to deliver quality 

instruction that will aid student nurses (SN), graduate nurses (GN), and registered nurse 

professionals (RN) in becoming competent and expert healthcare authorities and in 

skillful IV cannulation (Jensen, 2009). Because 70 to 80% of hospitals inpatients receive 

peripheral IV’s, specialized teams of nurses are employed for IV insertion only; however, 

these teams are not always readily available when needed or may not exist in some 

hospitals today (Lyons & Kasker, 2012; Rutledge & Orr, 2005; Smeltz, 2014). “Some 

hospitals have reduced IV team hours and services or eliminated them completely, with 

staff nurses assuming responsibility for starting routine IV insertions; often these nurses 

have had only preparation provided during an orientation period” (Lyons & Kasker, 

2012, p. 177). Therefore, regardless if the nurse is on a specialized team for IV insertion 

or has not had an orientation on IV insertion as a beginner nurse venipuncture is included 

in the standards of nursing care as a function that all graduate and registered nurses 

should be educated to perform (Pennsylvania State Board of Nursing, Chapter 21; 

Smeltz, 2014). “Peripheral intravenous cannulation insertion success could be improved 

if performed by clinicians with greater procedural experience and the increased 

perception of the likelihood of success” (Carr et al., 2016, p. 188). The assumption of the 

likelihood in improving successful IV cannulation using NIVFT is a motivation of the 

study. NIVFT is light technology for vascular imaging used to scan and locate the best 

vein available for cannulation using a near infrared sensitive camera, as an assistive tool 

for guidance (Graff et al., 2013). The use of NIVFT for venipuncture can serve as a pre-

access IV cannulation method and a reinforcement of learned IV cannulation skills that 
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may deteriorate over time even among licensed experienced nurses (Roberts, Vignato, Moore, & 

Madden, 2009).  

Inserting a peripheral intravenous catheter, deemed as an important aspect of nursing, 

requires cannulation skill and proper technique for success (Trim, 2005). Often when a nurse is 

unfamiliar or inexperienced with a particular skill or procedural sequence confidence levels 

become decreased and the process becomes a source of frustration, doubt, anxiousness and worry 

(Kaddoura, 2010). An imperative step in the IV insertion process is locating a suitable vein, 

which can be challenging in some patients due to age, skin color, obesity, drug abuse, or other 

medical conditions (Carr et al., 2016; Oliveira & Lawrence, 2016). Challenging IV cannulation 

is not an anomaly or rare occurrence, and there are variables that predict cannulation success 

such as normal body weight, visible veins, and cubital fossa placement (Carr et al., 2016). 

Having patients with these characteristics increases nursing students’ and inexperienced nurses’ 

confidence levels in IV insertion skill performances (Idemoto, Rowbottom, Reynolds, & 

Hickman, 2014).  

 The importance of continuous improvements in patient safety has challenged nursing 

faculty and hospital professionals to think of innovative learning alternatives that identify best 

practices and evidence-based researchable outcomes (Durham & Alden, 2008). Inclusion of 

high-fidelity technology such as NIVFT, virtual IV devices, and computerized mannequins, as 

methods for training peripheral IV cannulation (PIVC) during nursing clinical education is 

considered essential when promoting nursing confidence (Dearmon et al., 2013). Intravenous 

(IV) devices, with all of their components, can cost as much as $30,000; however, research 

recommends training with high-fidelity technology has a significant impact on competency 

scores and confidence levels (Reinhardt, Mullins, DeBlieck, & Schultz, 2012; Seropian, Brown, 
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Gavilanes, & Driggers, 2003). There are studies that indicate nurses work hard to develop 

confidence in their ability to cannulate patients and generally worry about success in accessing a 

vein and successfully inserting the IV suggesting investments in high-fidelity technology used in 

conjunction with instruction have a proven influence on nursing confidence (Arbique, Bordelon, 

Dragoo, & Huckaby, 2014; Reinhardt et.al, 2012). 

Background 

 Technological advancements such as NIVFT and high fidelity IV simulation including 

virtual reality haptic equipment give rise to new possibilities and methods for teaching novice 

and advanced beginner nurses PIVC (Juric et al., 2014). Successful PIVC affects confidence in 

the decision-making required to select the appropriate veins for IV insertion. Confidence and 

proficiency by the nurse when selecting appropriate veins during the IV insertion procedure may 

often affect the ability to ease some patient’s psychological needle phobias and distress with the 

experience (McGowan, 2014).  

Jeffries (2005) addresses nursing proficiency in a framework for designing, 

implementing, and evaluating simulation strategies and methods used teach nurses. 

Evidence-based research in simulation and learning methods specifies the relevancy of 

conducting studies that are organized and systematic to pinpoint an effective framework 

to use in educational practices (Jeffries, 2005). Incorporating good teaching and 

educational practices in combination with certain pedagogical principles can result in 

consistency with technique and IV insertion skills. The International Nursing Association 

for Clinical Simulation and Learning (INACSL) supports these advancements and 

recognizes, “that to advance the science of simulation as a teaching methodology, there is 
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a need to identify and share best educational practices in the design, conduct, and evaluation of 

simulation activities” (Sittner et al., 2015, p. 294).  

Technology to advance nursing education using new and innovative teaching strategies 

including methods to improve peripheral intravenous catheter insertion can serve as measurable 

frameworks for healthcare students and professionals. The National Academy of Sciences (1999) 

issued an inaugural report by the Institute of Medicine (IOM) in support of the need to create 

solutions and find alternatives that will improve workforce reliability and patient safety. The 

report suggested that errors will occur, healthcare workers are responsible for their actions, and 

the system is responsible to provide resources for practitioners that will prevent others from 

committing the same error (The National Academy of Sciences, 1999). Connecting the IOM 

1999 report with nursing IV cannulation, the use of NIVFT is efficacious and demonstrated 

through the study as a meaningful better performance outcome in nurse skills training and real 

patient IV insertion usage.  

The emergence of technology in nursing education that includes simulation, virtual 

reality, pervasive computing, and augmented reality is promising (Simpson, 2006). However, 

this emergence in technology should include nurse education and training that will reinforce the 

ability to perform successful IV cannulation in real patient settings (Roberts, Vignato, Moore, & 

Madden, 2009). High fidelity simulation and new technology such as NIVFT as clinical 

educational tools is ever growing in nursing schools (Dearmon et al., 2013; Rizzolo, Kardong-

Edgren, Oermann, & Jeffries, 2015). 

Establishing peripheral IV access is a critical invasive nursing procedure. Peripheral IV 

insertion attempts can fail which is costly to medical facilities and erodes productivity flow 

(Chiao et al., 2013; Etzel-Hardman, 2008). Often nurses have failed attempts when they rely 
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strictly on proprioceptive techniques such as palpating or visualization of a vein without 

any assistive device causing increased costs of medical equipment used for IV 

cannulation per procedure. It is estimated that every attempt to insert a peripheral catheter 

can cost a facility $28 to $35 (http://www.accuvein.com/accuvein-for/iv_access/; Helm, 

Klausner, Klemperer, Flint, & Huang, 2015). Proprioceptive is the ability to sense stimuli 

arising within the body regarding position and motion, allowing one’s own strength and 

effort relative to tactile sensation and integrate kinesthetic sensing to assist with 

technique (Li & Wu, 2014). Nurses frequently use proprioceptive techniques by hanging 

the patient’s limb below the level of the heart to employ gravity, or applying dry heat to 

increase blood circulation and improved oxygen supplies to the skin to help with efforts 

relative to tactile sensation when inserting IV’s (Kaur & Kaur, 2012). However, these 

techniques are not always successful when performing PIVC and repeat attempts to 

cannulate can have adverse cost-effectiveness in the relationship between monetary 

inputs for IV’s and the desired outcome expenditure (Kaur & Kaur, 2012). 

Theoretical Framework 

Novice to Expert Theory 

Benner (1982) explored a theory related to the concept ‘novice to expert’ that is widely 

used in nursing education and was developed initially as the Dreyfus Model of Skill Acquisition 

by two University of California, Berkeley, professors. Stuart Dreyfus, a mathematician and 

systems analyst, and his brother Hubert Dreyfus, a philosopher, studied the novice to expert 

experiences of pilots and chess players. Benner (1984) adapted the concept and expanded on the 

novice to expert theory, generalizing it to define a nurse’s level of progress as an extension of 

practical knowledge characterized by the term “know-how”; to apply learning and observation 
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by associating key concepts and skills to the actual clinical experience (Benner, 1982). The 

novice nurse behavior in the clinical setting is very narrow and inflexible with limited ability to 

predict what might happen in a particular patient situation; and the advanced beginner are in their 

first jobs with more experienced behaviors that enable them to recognize recurrent situations 

having knowledge and the know-how but not enough in-depth experience (Benner, 1984).  

Proposing a review of research supporting the novice to expert theory that encourages the 

development of skills through sound nursing experiences was the prerequisite for this study. As 

debates continue over the use of near infrared vein finding devices it is important that utilization 

of new and up-to-date technology in teaching IV cannulation in nursing schools during simulated 

learning and real-patient settings as a means to further educate nurses and to promote patient 

safety and increase patient and nurse satisfaction (Ramer et al., 2016). Clinical educators and 

nursing faculty are supportive of addressing learning needs of the SN and the novice to expert 

GN or RN by further investigating the advantages NIVFT can have on teaching in higher 

education. In addition, the use of NIVFT as a prerequisite tool for the novice and advanced 

beginner nurse may have a positive correlation with self-confidence and accuracy when inserting 

peripheral IV catheters in patient medical care settings. 

Constructive Alignment and Phenomenology Theories 

Nurses are taught to align what they see with the algorithms they have been taught to 

develop and foster a constructive ‘know-how’ relationship between application learning and 

critical thinking (Benner, 1984). To this end, learners in the nursing profession are encouraged 

by educators to think independently and constructively to foresee patient needs and provide 

mandatory patient care based on sound judgment and predictable outcomes (Jeffries, 2005). 

Sundari & Juwah (2012) explored using the constructive alignment theory to underpin the use of 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     8 

  

 

two main theories related to student-centered learning, constructivism, and 

phenomenology. Nursing curricula development in clinical education will translate into 

learning that is created by the learners rather than by direct instruction alone (Sundari & 

Juwah, 2012). The combination of phenomenology and constructive alignment 

frameworks allow for the introduction of nurse perspectives in the study based on 

proprioceptive methods as it pertains to missed IV insertion attempts performed blindly 

by palpating or visualization of veins (McGowan, 2014). Using experiential 

phenomenology with a constructivist conceptual framework to explain peripheral 

intravenous catheter insertion is important in developing sound performance practices 

and to gain a deeper understanding that debatably can shape nursing curricula.  

 Coupling learning theories with learning outcomes, Kala, Isaramalai, and Pohthong, 

(2010) embrace a pivotal constructivist approach that adjoins technological innovations and 

learning strategies to design efficient and effective ways to educate nurses in a multiplicity of 

settings. Explicitly, the implementation of advancements in learning coupled with constructivism 

used as a guide to model and structure curriculum design and instruction has proven measurable 

outcomes Kala, Isaramalai, & Pohthong, (2010). Pedagogical connections between skill 

performance, newer technology, and simulation influenced by the constructivist model when 

planning learning goals and objectives to measure outcomes is pivotal to the evaluations applied 

to peripheral intravenous cannulation proprioceptive when teaching technique and skill.  

 Used as a teaching method, the concept of simulation based training and experiential 

learning in both the military and nursing domains used as a skill and performance technique has 

been determined an effective way to teach and review skill. For example, the military uses 

simulation to better understand and correlate with exercise-based and experiential learning 
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systems (Seropian, Brown, Gavilanes, & Driggers, 2003). “The believability in simulation ranges 

from low to high fidelity based on the degree to which a simulated experience approaches 

reality; as fidelity increases, realism increases. The level of fidelity is determined by the 

environment, the tools and resources used, and many factors associated with the participants” 

(Meakim et al., 2013, p. 6). The beginnings of nursing simulated learning started with the use of 

low-fidelity training as did the military, by means of paper and computer based simulations that 

tested the participants on the level of knowing how to accomplish a skill rather than performance 

(Munshi, Lababidi, & Alyousef, 2015). However, there are international educators forging the 

integration of technology such as NIVFT and high fidelity simulation products deemed important 

to improving skill performance in clinical settings (Munshi et al., 2015). In addition, high-

fidelity technology and simulation to teach larger groups simultaneously can be challenging and 

has an important role in the choice of skills training for specific task (Sanford, 2010).  

Group teaching and product availability are two challenging aspects in training health 

professionals. The military addressed this by using strategies that rapidly introduce mixed-

fidelity products and a variety of equipment for group or individual training requiring the use of 

simulated training or new technology related products (Seropian, Brown, Gavilanes, & Driggers, 

2003). NIVFT used in clinical teaching as a tool to enhance vein visualization to identify viable 

veins and improve PIVC aligns with the exercise-based and experiential learning methods used 

by the military for simulated aviation, war games, and battle strategies that have proven 

successful outcomes in group and individual learning sessions (Aebersold, 2016).  

According to Kaur & Kaur (2012), the most common invasive procedure performed on 

hospital patients is intravenous catheter insertion. Missed insertion attempts may lead to 

reportable injuries identified by nurses as adverse events (Masoorli, 2007). Some hospitals only 
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permit two IV insertion attempts by a nurse and if the attempt is not successful, a second 

nurse will make an additional attempt (Etzel-Hardman, 2008). However, when nurses 

unsuccessfully insert a peripheral IV, the task may escalate further to a doctor for 

evaluation of the patient’s IV cannulation status and orders for emergency vascular 

access methods other than peripheral IV cannulation (Etzel-Hardman, 2008). 

Implications of the research study may affect hospital expenditures, nursing practice, 

policy, training, new nurse orientation, and nursing education and help direct resources in 

productive ways to improve patient outcomes. 

Problem Statement 

Given that, intravenous (IV) insertion is an essential skill for nurses and that IV 

insertion training methods are currently limited to rubber mannequin, IV training arms 

and virtual reality IV simulators; there is a need for higher fidelity, inexpensive training 

tools that accessible for group education of IV insertion. Near infrared vein finding 

technology that can assist nurses with vein identification during clinical education and IV 

insertion in real patient settings are not readily available at many nursing schools as a 

training tool nor the preferred method for IV insertion at local hospitals by novice and 

advanced beginner nurses. Studies have shown mixed results on the effectiveness of the 

current training devices suggesting a need for further research on technology that will 

assist in successful peripheral intravenous catheter insertion (Wilfong, Falsetti, 

McKinnon, & Daniel, 2011).  

Purpose of the Study 

The purpose of this mixed-methods study was to investigate if the inclusion of 

NIVFT for patient IV cannulation as a prerequisite teaching method for novice and 
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advanced beginner nurses has a relationship with their skill performances and confidence levels 

when reinforced as the preferred method to use in the hospital setting. The aim was to examine 

the relationships between nurses’ perceptions using NIVFT equipment and successful IV 

insertion attempts when cannulating patients. To determine if confidence levels has a 

relationship with successful IV insertion attempts by describing perceptions and perceptions with 

the successful IV insertion attempts is another focus of the study. For the purposes of this study, 

successful IV cannulation into a patient’s vein is no more than one attempt. In addition, the study 

objectives are to demonstrate the benefit of teaching IV insertion using NIVFT as a preferred 

method of IV insertion by novice and advanced beginner nurses based on nursing perceptions in 

identifying viable veins for cannulation. The study also examined if the accuracy rate for 

successful first attempt IV insertion was higher when using NIVFT in real patient settings. 

Research Questions 

The following are the research questions in the study: 

1.  How efficacious is the use of NIVFT in increasing nurses’ confidence about peripheral IV 

insertion as evidenced by the PIVC survey tool?   

2. What is the perception of novice and advanced beginner nurses expected by a hospital to 

perform intravenous cannulation regarding their preparedness for this skill and the use of 

NIVFT? 

3. Is there a correlation between the successful first attempts and confidence levels of nurses who 

use NIVFT inserting peripheral intravenous catheters in the hospital inpatient setting?   

Significance of Study 

There have been many studies comparing vein finder devices that illuminate veins using 

near infrared light (De Graaff et al., 2014; Juric & Zalik, 2014; Marin & Moore, 2011; Ramer et 
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al., 2016). However, many of these devices are expensive, which restricts their use in 

education (Juric, Flis, Debevc, Holzinger, & Zalik, 2014). No studies examined the use of 

NIVFT by novice and advanced beginner nurses as a precursor to IV insertion on real 

patients with confidence levels and first time successful IV cannulation in the inpatient 

hospital setting. The research was interested to explore if decreased occurrences of 

missed IV insertion attempts increased the nurses’ productivity and confidence levels. 

The primary audiences for the study is nursing educators, student nurses, and 

licensed nursing professionals; but it should also be of interest to researchers and hospital 

administration who are concerned with patient satisfaction, patient safety, best care 

practices, hospital expenditures, and costs (Bai, Lavin, & Duncan, 2012). This study will 

do well in terms external validity and trustworthiness as it relates to the transferability 

from the sample nurses in the study back to the population of nurses. Establishing 

replicability in similar hospital settings based on the consistency of the research 

instrumentation, responses, and the outcome of the descriptive statistics is examined 

(Wiersma & Jurs, 2009). 

In the future, an inexpensive vein-finding device, integrated with a mobile 

application, could serve as an invaluable educational tool, and later integrated into a 

virtual reality haptic gaming system to use for improvements in training that could be 

easily accessible in the clinical or classroom group education setting (Simpson, 2006).  

Hypothesis 

As part of this study, the investigation includes the following hypothesis: 
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1. The null hypothesis for this study is: There will be no relationship between successful first 

attempt numbers of IV insertion by those novice and advanced beginner nurses trained and using 

NIVFT and confidence levels when IV cannulation in the acute care hospital setting.  

2. The research hypothesis for this study is: Amongst those novice and advanced beginner nurses 

trained on NIVFT and use it as the primary method for inserting peripheral IV’s on patients, 

there will be a statistically significant relationship in the successful first number of IV insertion 

attempts and confidence levels with IV cannulation in the acute care hospital setting. 

Overview of the Methodology 

To gain a better understanding of the research problem a mixed-methods methodology 

for conducting the research was used to collect, analyze, and to integrate the qualitative and 

quantitative data. The study was a pretest posttest design with mixed method research chosen to 

measure the perceived confidence level among the novice and advance beginner nurses before 

and after the use of near infrared vein finding technology (NIVFT). A convenience sample of 

nurses (n = 26) chosen to understand the confidence levels of nurses inserting IV was necessary 

to determine whether or not dependent variables confidence level and successful IV insertion 1st 

attempts coincide with the use of NIVFT. Likewise, understanding the narratives of IV insertion 

preparedness, reported self-confidence, and NIVFT usage may assist in removing looming 

barriers nurses face with skill and technology. The connection between confidence level and IV 

insertion accuracy without any attempt to make predictions from one variable to the other is 

studied. In addition to studying the relationship between IV insertion skill and the confidence 

level of the nurses, the study included descriptive statistics analyzed to describe basic features of 

all quantitative data collected. Subsequently, the study utilized the association of variables during 
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the same points of time to describe the relationship between the dependent variables and 

the degree of the relationship to the independent variable NIVFT (Wiersma & Jurs, 

2009).  

Assumptions 

For the purposes of this study, the following researcher assumptions are stated:  

 Nurses who perform IV cannulation are performing this procedure within their scope of 

practice defined by state nursing practice regulations (Commonwealth of Pennsylvania:  

State Board of Nursing Responsibilities of the Registered Nurse, n.d.).  

 Training and determination of competency for inserting peripheral intravenous catheters 

will also be defined by procedural guidelines of the respective nursing facilities’ 

principles and practices of IV cannulation.  

 Instruction in the techniques of NIVFT for appropriate venous access are proctored 

assessment of competency, in a simulated or actual patient care setting, and are both 

considered necessary inclusions in the study.  

 New nurses will have an interest in participating in the study and completing the survey 

questionnaires since IV insertion is one of the most common invasive procedures 

performed by nurses in the hospital environment (Kaur & Kaur, 2012).  

 Nurses that have very little prior experiences in real live IV insertions, or are experienced 

as a nurse or educator with a deterioration in performing this skill, will have a growing 

interest in NIVFT prior to cannulation (Roberts, Vignato, Moore, & Madden, 2009).  

 Data collection instruments are valid and reliable based upon their previous use and have 

been piloted tested. 
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Limitations 

The study occurred during a three weeks period thus time is a limitation of the study. An 

additional limitation was the availability of the vein finder equipment at all times during the 

study due to equipment failure and replacement time. For this research, the study was limited by 

the length of time that was three weeks in duration and relied on the available of NIVFT during 

the length of the study. The selection of participants who completed the study was dependent on 

the nurses’ desire to continue in the study. There was no randomization of the nurse participants 

nor control for the research purpose. As such, selection bias did not occur. Less experienced staff 

might choose to cannulate relatively easier patients; however, nurse preceptors or mentors were 

available to assist with more difficult vein cannulation. Often during the study, additional 

assistance might be required for difficult PIVC. If so, escalation of the task to another nurse to 

complete who may have more experience than the novice nurses’ or advanced beginner nurses’ 

occurred during the study and the newer nurse did not make any attempt. The hospital has 

Vascular Access Team (VAT) personnel; however, they are not readily available for PIVC and 

primarily engaged in hospital wide peripherally inserted central line catheters (PICC).   

Delimitations 

 There is one setting for the study: Allegheny General Hospital (AGH) located in 

Pittsburgh, PA. This site as discussed by Wilfong, Falsetti, McKinnon, & Daniel (2011) allows 

for a convenience sampling as it suits the aim of the study and is an opportune location relative 

to the researcher. The sample includes novice and advanced nurses working as staff on clinical 

inpatient care units that require patients to have an IV. Hospital floors that do not require patients 

to have PIVC was not included in the study.  
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Definition of Terms 

 There are multiple definitions of the terms used to describe peripheral intravenous 

catheter insertion including equipment, skill, technique and anatomical references. The following 

are some of the terms described in the Peripheral Intravenous Insertion Confidence Assessment 

for short peripheral catheters tool (Schuster, Stahl, Murray, & Glover, 2016) and terms used 

throughout the study. 

Advanced Beginner Nurse – A nurse who may have prior experience with marginal demonstrated 

performance yet continues to require occasional supportive cues (Benner, 1984). 

Cannulation – Introduction of a wide bore needle into a vein to administer medication into the 

circulatory system. 

Constructive alignment – “A pedagogical approach that is embedded in the constructivist theory 

of learning, emphasizing the alignment between the intended learning outcomes, teaching 

learning activities and assessment tasks”(Wang, Su, Cheung, Wong, & Kwong, 2013, p. 477).  

Haptic Feedback - Haptic feedback is the use of the sense of touch as an interface in simulating 

skill performance in nursing using virtual reality high-fidelity equipment (Seropian et al., 2003). 

Near infrared Vein Finding Technology - Light technology for vascular imaging used to scan and 

locate the best vein available for cannulation using a near infrared sensitive camera as an 

assistive tool for guidance (Graff et al., 2013). 

Novice Nurse – A nurse with no experience in many patient care situations in which the 

expectation is to perform without hesitation (Benner, 1984). 

Pervasive Computing - Computing and communication capability integrated with users as an 

integral technology that support and subsumes that of mobile computing and user reality 

becomes a ‘‘technology that disappears’’ (Satyanarayanan, 2001). 
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PIVC - Peripheral intravenous cannulation is a procedure puncturing the patient’s skin with a 

needle allowing a temporary plastic tube to enter a vein for IV infusion (Schuster et al., 2016). 

Proprioceptive Technique -  Proprioceptive technique is the ability to sense stimuli arising within 

the body regarding a position, motion, and palpation, utilizing tactile senses allowing one’s own 

strength and effort relative to integrate kinesthetic sensing in conjunction with vein visualization 

(http://www.medicinenet.com/script/main/art.asp?articlekey=6393). 

Simulation – A Simulation is an educational tool used in nursing that provides students the 

experience in a safe learning environment to improve on clinical competence by polishing and 

perfecting skills through repeated practice in a realistic environment (Wilfong et al., 2011).  

SPC Insertion Confidence - Short peripheral catheter confidence (SPC) is the degree to which a 

person believes in her or his ability to be successful inserting a peripheral intravenous catheter 

according to hospital policy (Schuster et al., 2016)  

Venipuncture - Venipuncture is the act of puncturing a vein with a catheter for either phlebotomy 

or cannulation procedures (Miller-Keane & O’Toole, 2005). 

Organization of the Study 

 The organization of this dissertation is five chapters. Chapter 1 is an introduction to the 

problem nurses face with PIVC and concentrates on the inclusion of NIVFT in clinical learning 

strategies and nursing curricula. Included in this chapter are the background, theoretical 

framework, problem statement, purpose of the study, research questions, significance of study, 

hypothesis, overview of the methodology, assumptions, limitations, delimitations and definition 

of terms. Chapter 2 provided a review of the relevant literature on the topics of nursing 

regulatory standards in nursing education, methods of teaching, legal issues in healthcare 

resulting from IV insertion injury, nursing confidence and anxiety, and nursing pedagogical 
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learning via the use of simulation and advancements in technology. Chapter 3 describes the 

methodology used in the study. Included in this chapter are the method of choice, research 

design, sampling, instrumentation, data collection and procedures, data analysis, protection of 

human rights, benefits, risk, consents, and the institutional study approval. Chapter 4 described 

the statistical analyses and a discussion of the findings of the study. Chapter 5 contains the 

summary, conclusions, recommendations for action and future research (Roberts, 2004).   
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CHAPTER 2 LITERATURE REVIEW 

Analyses of studies related to teaching methodologies have uncovered a growing body of 

literature targeting the use of vein finding devices (Emergency Nurses Association 

[ENA], 2015). There are noticeable themes questioning the effort, resources, time, and 

cost associated with blending near infrared vein finding devices with clinical simulation 

and didactic teaching in instruction planning and implementation stages (Mckeon, Norris, 

Cardell, & Britt, 2009). This study examined the association between near infrared 

product usage as it relates to IV insertion attempts and confidence levels.     

For the purpose of this literature review five areas have been identified as 

pertinent and directly related to the study:  1) nursing regulatory standards, 2) methods of 

teaching, 2) legal issues in healthcare, 3) nursing confidence and anxiety, 4) simulation, 

and 5) advancements in technology. This chapter provides a review of the literature used 

to support and provide rationale to form the theoretical foundation for the study. Benner’s 

theory of ‘Novice to Expert’ is throughout the study along with a description of Jeffries’ 

framework for clinical teaching. As a final point, gaps in the literature were identified 

base on Benner’s theory of novice to expert. 

Nursing Regulatory Standards 

Nursing curriculum has an interrelationship between patient care regulations 

driven by the standards set forth by the state and the institutional guidelines where the 

nurse has a license to work and practice (National Council of State Boards of Nursing 

[NCSBN], n.d.). The Pennsylvania State Board of Nursing and the federal accreditation 

bodies require that nursing curriculum meet learning philosophies that relate to both 

nursing education and patient care to ensure the highest basic educational ideologies for 
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optimal population health and safety (Commonwealth of Pennsylvania: State Board of Nursing 

Responsibilities of the Registered Nurse, n.d.).  

 Standardization of basic nursing academics are to ensure that nursing students are 

successful in passing the NCLEX exam required to obtain licensure. “The NCLEX exam, also 

known as the National Council Licensure Examination, is a standardized exam that each state 

board of nursing uses to determine whether or not a candidate is prepared for entry-level nursing 

practice” ("The NCLEX EXAM," n.d., para. 1).  

The first step prior to licensure is successfully completing an accredited registered 

nursing degree. This academic approach, designed to meet the American Association of Colleges 

of Nursing (AACN) guidelines to produce competent nurses, provides a framework that will 

meet the healthcare needs and challenges that continually change. “The American Association of 

Colleges of Nursing (AACN) is committed to working collaboratively to create a more highly 

qualified nursing workforce since education enhances both clinical competency and care 

delivery” (American Association of Colleges of Nursing [AACN], 2016, para. 1).  

After graduating from an accredited nursing program, some hospitals and medical 

facilities will allow new graduate nurses (GN) to work for a specific period under a temporary 

practice permit. These GN nurses must pass the NCLEX exam within a designated period, 

usually a few months, successfully to remain in the hired nursing position (National League for 

Nursing [NLN], 2017). Failure passing the NCLEX examination by a hired GN may result in 

termination or demotion to a position not equivalent to a licensed registered nurse ("The NCLEX 

EXAM," n.d.). Subsequently, nursing curricula in conjunction with nursing practice share a 

common goal: adherence to regulatory guidelines to create a well-educated nursing workforce 
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able to address the increasingly complexities of patient care and health needs (Herrin et 

al., 2006). 

Methods of Teaching 

Sanford (2010) relates nursing theory with constructivism to organize nurses’ 

critical thinking and self-reflection to prepare them for the complexity of patient care. 

Nursing requires a critical understanding of competent patient care through 

comprehensive educational schooling to meet the practice demands both clinically and 

theoretically (American Association of Colleges of Nursing [AACN], 2016). 

Comprehensive teaching provides the contextual background that will couple clinical 

learning to nursing theory in innovative ways needed to prepare nurses for safe and 

efficient practice (Jeffries, 2005).  

As nursing educators seek effective means to deliver quality instruction that will 

benefit nurses in becoming competent, proficient and expert healthcare professionals, 

nursing education seeks treatment modalities to evaluate the practicality and the 

effectiveness of learning with measurable performance outcomes (Herrin et al., 2006). 

Traditionally, the primary modality of teaching clinical skills has been the adage “see 

one, do one, teach one” (Wilfong et al., 2011). This old adage, as it pertains to nursing 

tasks, is an accepted modality when teaching skills, and persists in many nurse education 

and clinical skill training settings (Harder, 2010).  

As with traditional nursing education using virtual IV training devices or low-

fidelity IV mannequin arms during clinical simulation, the army nurse training programs 

deemed this method as unrealistic; lacking certain human physical characteristics such as 

skin temperature, thickness, elasticity, and color as it relates to perfusion and changes in 
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patient conditions (Jones, Simmons, Boykins Sr., Stamper, & Thompson, 2014). The adult IV 

training arm used in army nurse training were barriers to learning due to the unrealism of the 

low-fidelity IV training arm (Jones et al., 2014). “Some training sites have students start IVs on 

each other in order to increase their proficiency and to provide more realistic training” (Jones et 

al., 2014, p. 1362). Performance outcomes of (n =290) participants in the study by Jones et al. 

(2014), on an objective scale, found no significant differences between the use of the rubber 

mannequin arm juxtaposed to traditional IV cannulation methods. Thusly, utilizing the rubber 

mannequin IV training arm provided an equivalent mechanism to traditional methods for training 

students’ IV cannulation skill; however, the use of the low-fidelity arm was not as realistic as the 

peer-to-peer vein proprioceptive assessment (Jones et al., 2014). Although IV insertion is a 

required nursing skill that can be taught in the simulation environment with low-fidelity or high 

fidelity equipment, “not all students are comfortable with the active learning principles 

underpinning simulation and may prefer more traditional teaching methods” (Guise, Chambers, 

& Valimaki, 2012, p. 412).  

Used by nurses as a tool for clinical decision-making and observation of practiced skills, 

Kolb’s theory of experiential learning is a holistic perspective that associates experience, 

perception, cognition, and observable behaviors with student learning (Kolb, 1984). Utilizing 

Kolb’s theory Brannan, White, & Bezanson (2008) directed a quasi-experimental, pretest 

posttest, comparison group-design study researching two instruction methods to teach clinical 

decision-making content. Utilizing clinical decision-making and self-confidence to evaluate the 

effectiveness of the human patient simulator (HPS) learning approach in comparison to the 

traditional learning approach (TL) in classroom environments provided outcome measures. By 

comparing two groups of junior-level nursing students’ confidence levels and decision-making 
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based on TL and HPS the research was able to discern that confidence levels among 

students who participated in the HPS instructional method was not found to significantly 

differ from those students who received the TL teaching approach (t = –1.74, df = 81, p = 

0.09) (Brannan, White, & Bezanson, 2008). 

 Nursing curricula has a complexity of teaching clinical that is complimentary to 

the theory pedagogies simultaneously with the expectation that didactic teaching and 

clinical skill learning transcend into satisfactory nursing performance (American 

Associates of Colleges of Nursing [AACN], 2008). Clinical instruction and training for 

the nurse is concentrated on developing and refining skills necessary to manage patient 

care. This challenge suggests the need and demand for alternatives in teaching that will 

help improve students with complicated yet required hands-on clinical skill performance.  

Jensen (2009) piloted a qualitative study assessing confidence for skill 

performance results with the anticipation of improving skills and decreasing IV therapy 

complications in an associate degree nursing (ADN) program. Offering a more intense 

workshop in response to the students (n = 124) suggestions for additional IV therapy 

instruction, a preview for new educational options was explored by faculty. Screened by 

faculty for validity and evaluated based on IV instruction standards, curriculum content, 

and required competence level criteria examined the new educational options. To elicit 

qualitative responses, the researcher administered a survey to the students’ regarding their 

experiences with the course, workshop, and accompanying IV instruction clinical 

competence criteria. The study completed comparisons between students who 

participated in the new elective educational offering on IV therapy and students who 

received standard IV instruction. The one-credit IV therapy course developed and 
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included suggestions by the Infusion Nurses Society (INS) to build on nursing curricula 

necessary to enter complex nursing practices. Students had the option for additional 

instruction in IV therapy and allowed to perform IV insertions in a three-hour IV therapy session 

during their leadership clinical experience. Feedback from the surveys found participants were 

more comfortable with IV insertion after taking the 1 credit course, making the suggestion that 

IV cannulation courses and information should be included earlier in nursing programs and 

become a mandatory course (Jensen, 2009). 

 Loukas et al. (2010) conducted a prospective observational study of practitioners 

undergoing training using Laerdal Corporations Virtual IV system. “The Virtual IV system is 

comprised of a computer connected to a dummy needle catheter assembly utilizing a haptic 

illusion simulating skin palpation and needle insertion” (Loukas et al., 2010, p. 1143). The 

purpose of the study was to document the learning curve of using the virtual IV system and use 

the information as a prerequisite for curriculum design and development of case scenarios. 

Participants in the study divided into two groups. Group 1 were novice third-year students (n = 

17) with no prior practical experience in IV catheterization. Group 2, an intermediate group of 

students (n = 13), were recent graduates with limited experience of fewer than 10 needle 

insertion attempts. The results derived from haptic feedback technology found novice 

participants had a slightly lower learning curve than intermediates based on error score and time 

completion juxtaposed to session number. There was also a reduction in completion time and 

error commitment based on the proposed curriculum. An increase in confidence and automation 

skills were noted in both groups during IV cannulation, along with a strong linear correlation 

between completion time and error score (rs = 0.8); thus suggesting intermediates required 
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significantly fewer attempts than novice students did (25, IQR = 22–27 vs. 37, IQR = 35–47, p < 

0.04), (Loukas et al., 2010).  

 Methods in teaching IV insertion involve technique and skill in conjunction with 

occasional use of ultrasound technology (US). Oliveira & Lawrence (2016) conducted an 

observational study on the use of ultrasound-guided peripheral intravenous access in a military 

hospital emergency department. Included in the study were nurses (n = 19), technicians in the 

United States Navy or medics in the United States Air Force (n = 8), and physicians (n = 34). 

The research analyzed success rates based on educational background and experience. The 

research established novice users had less than or equal to 15 US-guided cannulation attempts. 

The study suggested that valuable time is lost when difficult venous access without the use of US 

is attempted.  

 Participants used a combination method involving a US-guided transverse venipuncture 

and then changing the US-guided view to longitudinal once the needle centered over the vein 

(Oliveira & Lawrence, 2016). This approach permits visualization of the entire length of the 

needle and catheter on the screen without moving the US transducer while inserting PIVC 

(Oliveira & Lawrence, 2016). To inform each participant, a policy and training course consisting 

of a 30-minute didactic session on ultrasonography, venous anatomy, cannulation instruction to 

ensure the understanding of expectations (Oliveira & Lawrence, 2016). The participants had the 

additional option to insert US-guided IV lines on each other. The results, for the novice 

participant, showed differences were not statistically significant based on experience level or 

approach (Oliveira & Lawrence, 2016). The study found differences were not statistically 

significant. A 64.3% higher success rate with the transverse approach regardless of education 
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level and the least successful combination success rate of 54.5% with the longitudinal approach 

of novice participants completion rates at 53.8%  (Oliveira & Lawrence, 2016). 

 Web-based teaching using instructional videos or modules for the simulated learning of 

PIVC is another strategy of delivering a review of clinical skill technique and instruction 

methods in nursing education (Kala, Isaramalai, & Pohthong, 2010). Xu & Jaggars (2014) 

suggested a link between self-directed learning and web-based learning skill success exist; yet 

that link in the instructional dimension and learning environment requires self-regulation by the 

learner. Web-based learning methods (WBL) proposes that online courses require students to 

assume high levels of self-regulation and self-directed learning to successfully obtain passing 

scores (Xu & Jaggars, 2014). Simpson (2006) suggests that WBL modules provide detailed 

instruction to students as a precursor or reinforcement of theory and clinical skill in nursing 

education. Web-based modules address group instruction for PIVC techniques and methods   

deemed helpful and easily accessible at any time for students to review information in 

conjunction with audiovisual instruction for proper IV cannulation (Fraser Health Authority 

Vascular Access Clinical Practice Committee, 2014).  

Liaw et al. (2015) researched the use of virtual reality and argued that web-based 

simulation learning is more cost-effective than traditional high-fidelity simulation for training 

large groups in acute care settings. WBL instruction and the evaluation of multimedia simulation 

in the context of online nursing education are determined as relative and beneficial to curriculum 

design (Horiuchi, Yaju, Koy, Sakyp, & Nakayama, 2009). Implementation of new or reinforced 

skills training sessions may have limiting factors such as few trained instructors, resources 

necessary to complete tasks, time constraints to perform certain skills, and costs associated with 

simulation startup (Liaw et al., 2015). Given the resource-intensive nature of simulation, and the 
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challenges for institutions that need to train large groups of nurses, there is evidence for 

the acceptance of simulation in WBL for nursing education among hospital nurses (Liaw 

et al., 2015). Blending simulation techniques with WBL offers students, faculty, and 

hospital educators a variety of learning and teaching modalities that will stimulate new 

ways to approach nursing education (Horiuchi et al., 2009).  

There are studies suggesting the number of novice nurses will increase yearly and 

nurse leadership, professional seasoned nurses, and nurse students, all have concerns 

regarding skill competency learned during schooling that aligns with new hire 

preparedness and readiness (Berkow et al., 2009; Clark & Springer, 2012; Porter, 

Morphet, Missen, & Raymond, 2013). Subsequently, data trends have shown that new 

nurses comprised more than 10% of hospital nursing staff; and only 10% of hospital and 

health system nursing executives nationwide believe these novice nurses are fully 

prepared to provide safe care and perform skills proficiently (Berkow, Virstis, Stewart, & 

Conway, 2009).  

Conducting a United States nationwide survey of nurse leaders (n = 3265) 

regarding bridging the gap between preparedness and competency of novice nurses, 

Berkow et al. (2009) concluded that new graduate nurses’ greatest improvement needs 

centered on technical skills training. The study identified technical skills as conducting 

clinical procedures, administration of medication, documentation, patient assessment, and 

utilization of clinical technologies (Berkow et al., 2009, p. 20). In particular, IV therapy 

and PIVC from the nurse leader responses indicated there was ample room for 

performance improvement among new graduate nurses holding all degree types. By 

identifying the new graduates’ greatest problem areas, nurse leaders were able to 
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benchmark and share improvement opportunities with nurse managers and supervisors (Berkow 

et al., 2009).  

Nursing is an applied academic with a clinical instruction dimension component heavily 

dependent on skill proficiency within cognitive, psychomotor and affective domains to assess, 

diagnose, plan, implement, and evaluate patient care (Sundari & Juwah, 2012). These domains 

are critical themes identified throughout nursing pedagogy offering opportunities for faculty to 

teach a contextual format that will allow students to gain broader views of patient care (Fiedler, 

Giddens, & North, 2014).  

Expectations of the novice nurse working in the healthcare setting have a range of core 

clinical skills, as well as technical and psychomotor tasks that are essential requirements for 

nurses when hired to begin practicing on real patients (Missen, Dip, McKenna, & Beauchamp, 

2016). There are several studies signifying new graduates and novice nurses have some 

inadequacies to perform clinical skills and procedures prior to practicing in real patient settings 

(Oermann et al., 2016; Missen et al., 2016; Berkow et al., 2009). A systematic review of studies 

on graduates’ clinical competence and readiness for practice after finishing pre-licensure nursing 

schools found experienced registered nurses have concerns with respect to clinical competence 

of new graduates in two main areas: critical thinking and performance of clinical and technical 

skills (Missen et al., 2016). 

 Oermann et al. (2016) determined there were four phases of motor skill learning that will 

improve performance with the goal of accuracy of skill or procedure. In the first stage, the 

cognitive or introductory phase, the student learns why and when to use a skill, what equipment 

to use, and the sequence of steps to be carried out. The second stage, identified as the associative 

phase, is practicing the skill to refine performance with subtle adjustments in movement. The 
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autonomous phase, identified as stage three, is when the student becomes proficient in 

performing the skill and the movement becomes automatic, consistent, and efficient. The fourth 

and final stage in the framework for teaching skills identified as the assessment of skill 

performance phase uses both formative and summative evaluation along with consistency in 

feedback (Oermann et al., 2016).  

 Feedback during clinical instruction deemed important from the clinical instructor to the 

student learner recommendation is to frame responses in a positive way (Oermann et al., 2016). 

The goal is for instructors to provide learners’ accuracy while observing and teaching motor 

skills to reduce error and to ensure the feedback message in a manner that could enhance 

learning capabilities and boost confidence levels, thus having a positive effect on learning goals 

and objectives (Oermann et al., 2016). 

 Ehrenberg and Haggblom (2007) focused on problem-based learning (PBL) as a self-

directed method to train clinical skills. The researchers reviewed PBL establishing it as a theory 

and pedagogical approach for problem solving with critical analysis expansion into clinical 

practice. “Using experiences from clinical practice, as a starting point when training abilities for 

problem solving and critical analysis, should greatly increase integration between theory and 

practice” (Ehrenberg & Haggblom, 2007, p. 68). Student participants (n = 45) were assigned to a 

personal nurse preceptors (n = 30) responsible for support and supervision of the students’ self-

directed learning during an eleven week clinical placement. The learning of medical and surgical 

care integrated in a PBL context in the traditional lecture environment for a fifteen-week period 

during clinical education. The students and preceptors completed questionnaires. Interviewing 

was conducted with the head preceptors (n = 4) to evaluate clinical studies based on open-ended 

questions. In support of a new model, students and preceptors found PBL integration useful 
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during clinical education and recommended the use of the PBL method for the educational 

development project (Ehrenberg & Haggblom, 2007).  

 Clinical teaching exposes students to authentic learning environments that will 

supplement didactic approaches and support the student’s ability to meet clinical skill objectives 

(Antohe, Riklikiene, Tichelaar, & Saarikoski, 2016). To assist with this objective, clinical 

practice partnerships considered a prerequisite paramount in bridging the new nurses’ education, 

implemented skill preparation in the professional practice and real patient settings (Herrin et al., 

2006). During most novice nurses’ on the job training, hospitals provide limited time during 

orientation for nurses to observe the PIVC skill from an IV team member or preceptor (Lyons & 

Kasker, 2012). A preceptor nurse has an assigned newly hired nurse a short period to assist with 

transitioning to the role of a professional nurse and to gain more experience and confidence in 

caring for patients and clinical skill (Clark & Springer, 2012). The preceptor method used to 

educate newly hired nurses in the professional nursing working environment to ensure the 

experience from student nurse to graduate nurse is less stressful (Clark & Springer, 2012). Etzel-

Hardman (2008) identified an example of paired IV training with preceptor demonstration and 

guidance accomplished successfully at Children’s Hospital of Pittsburgh. After several 

successful IV cannulation attempts by the novice nurses the preceptor at Children’s Hospital of 

Pittsburgh deems the trainee as capable, thusly accounting for the safeguard of the children 

patients requiring PIVC by newer nurses (Etzel-Hardman, 2008).  

Legal Issues in Healthcare 

There are several factors used to determine the severity of nerve damage suffered during 

IV insertion in lawsuits. The severity of the damage is a main factor in estimating the type and 

probable value associated with a personal injury that is permanent, progressive and there is no 
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cure for torn nerve fibers (Masoorli, 2007). “Radial nerve injury in the arm and forearm 

can result in permanent disabilities of the hand, including reflex sympathetic dystrophy 

(RSD) and complex regional pain syndrome (CRPS)” (Masoorli, 2007, p. 347). The 

degree of nerve damage can include: Neuropaxia whereby the nerve structure remains 

intact and there is temporary damage; Axonotmesis is severe nerve injury that often 

results in permanent paralysis of motor or sensory functions; and Neurotmesis which is 

the most severe as the nerve is completely severed leaving permanent irreparable damage 

(Yaghoubtil, 2013). The risk to patient safety associated with incorrect insertion of a 

peripheral intravenous catheter such as severe pain, needle phobia, and nerve injury have 

resulted in cases of malpractice (The Beasley Firm, LLC, 2011). Missed insertion 

attempts may lead to reportable injuries identified by nurses as adverse events as 

described in an article on nerve injuries related to insertion techniques (Masoorli, 2007). 

The issue in the following cases involving Tort Law as it pertains to nurses and medical 

professionals improperly inserting IV’s asserts Res Ipsa Loquitur. Res Ipsa Loquitur 

infers negligence from the very nature of an injury in the absence of direct evidence of 

intentional harm or behavior of the defendant (FindLaw, 2016).  

According to Masoorli (2007), the risk of injury to a nerve when inserting a 

needle into veins occurs and does not have direct evidence of intentional harm to the 

patient. In the Masoorli (2007) study, several cases were litigated with some court 

awarded thousands of dollars due to improper IV insertion, infiltration, or extravasation. 

IV infiltration or extravasation occurs when the movement of an intravenous needle or 

cannula from within a vein infuses fluid medication into the surrounding tissue causing 
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swelling, pain, severe damage and possibly limb amputation if not caught in time (Hadaway, 

2007).  

Masoorli (2007) cites several cases whereby the plaintiffs awarded money based on 

peripheral IV damage due to insertion errors. The first case, a 43-year-old plaintiff who 

underwent surgery, sued and won a $500,000 settlement in Suffolk County, Massachusetts 

Superior Court for the inability to move her right arm due to an incorrectly inserted IV caused an 

infiltration into the tissue. The plaintiff reports being fully awake in pain the entire surgery and a 

no one responded while in surgery to the complaints. As a result, the plaintiff sued citing 

negligence by the medical staff, due to the massive swelling that occurred and the need to have 

two additional major surgeries. Masoorli (2007) additionally reports the case of a 54-year-old 

plaintiff who sued for damage that occurred to her ulnar nerve at the level of her wrist due to IV 

infiltration. The plaintiff complained of severe pain while medication was infusing causing 

blistering and numbness of the fingers and swelling in the forearm and palm and was not 

documented and reported by the nurse 16 hours after the plaintiff’s continuous complaining. The 

jury returned a $314,116 verdict for the plaintiff in the San Diego County, California Superior 

Court.   

Evidencing risk of injury and patient safety, Boeson, Hranchook, & Stoller (2000) 

detailed a case study of peripheral nerve damage that occurred in a patient after having an 

intravenous catheter inserted into her cephalic vein. The patient sustained injury to the superficial 

branch of the radial nerve resulting in chronic paresthesia. Boeson, Hranchook & Stoller (2000) 

suggested implementation of further strategies to prevent nerve damage that may result in 

conditions of chronic paresthesia be investigated to prevent unsafe practices in IV insertion.  
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Medical Malpractice Cases. In a 2006 malpractice lawsuit, whereby the plaintiff claimed 

multiple insertion attempts as causation of nerve damage a registered nurse testified as an expert. 

The registered nurse expert opined that a reasonably trained nurse should be aware of the 

potential for nerve injury when inserting an IV and attempts at inserting an IV could nick a nerve 

(Conran J. Fricke & Kim Fricke v. Ochsner Foundation Hospital & Debra Mills, R.N., 2006). 

Thus in support of the need for anatomical vein awareness, PIVC skills training designated as an 

important factor for improvement in cannulation technique is suggested (Conran J. Fricke & 

Kim Fricke v. Ochsner Foundation Hospital & Debra Mills, R.N., 2006). 

A reported case against Florida Hospital-Ormond Beach, March 15, 2004 resulted 

in a medical malpractice suit filed by plaintiff Cheryl Benson. According to Lawyers 

Weekly USA Staff (2004), the first trial occurred in 2000 and the verdict favored the 

defense but the judge set aside the verdict ordering a new trial. In 2003, a second trial 

resulted in a hung jury. March 15, 2004 the plaintiff an award of $1 million for a nerve 

condition after improper insertion of an IV needle during a gynecological exam by a 

nurse employed at the hospital occurred. According to the report, the nerve damage was 

due to the improper placement of an IV in Benson’s left hand causing a progressive 

disorder known as RSD. The plaintiffs’ lawyer argued, "It has spread into her left leg. 

The leg and hand are cold to the touch and it's excruciatingly painful for her. She's on a 

multitude of medicines, including OxyContin"(Lawyers Weekly USA Staff, 2004, para. 

7). The final verdict by the seventh Judicial Circuit Court for Florida awarded the 

plaintiff $300,000 for pain and suffering, $500,000 for medical bills over the next 25 

years and $157,000 for current medical bills (Lawyers Weekly USA Staff, 2004) 
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On October 1, 1985, plaintiff John Fabacher admitted to St. Patrick’s hospital for 

gallbladder surgery file a lawsuit against an anesthesiologist group. The Lake Charles 

Anesthesiologist Group and a certified registered nurse anesthetist were a part of the 

surgical team to administer anesthesia via an IV. The nurse attempted to insert an IV in the 

plaintiff’s left arm unsuccessfully, withdrew the needle partially and redirected it in search of a 

vein. The following day the plaintiff complained to his doctors of numbness and tingling in his 

left little finger. The nurse and doctor both re-examined the plaintiff and believed the problem 

would resolve with a few weeks. The partnering medical professionals opined there was a 

possibility that the IV needle must have encountered the ulnar nerve resulting an injury that 

should resolve itself; however, the plaintiff was seeking damages for the alleged negligence of 

the nurse when inserting the IV. Filing a medical malpractice case with the 14th Judicial District 

Court, the court rendered judgement in favor of the defendants. The plaintiff appealed alleging 

that the trial court erred in denying the motion for a new trial and in failing to instruct the jury on 

the doctrine of res ipsa loquitur. The appeals court in both cases agreed with the trial judge’s 

conclusion, adding that a plaintiff may not avail the res ipsa loquitur doctrine if the cause of the 

injury was not by the defendant’s negligence. (Fabacher v. Laborde, McCauley & Wilson, 

Anesthesiologist and St. Paul Fire & Marine Insurance Company, 1990).  

The concerns voiced by legal proceedings are noteworthy and speak to the importance of 

teaching proper IV cannulation, particularly, in the inpatient hospital environment (Conran J. 

Fricke & Kim Fricke v. Ochsner Foundation Hospital & Debra Mills, R.N., 2006). Adequate 

training prior to inserting an IV is imperative as described by many legal proceedings. Adequate 

training may also decrease a great deal of errors when peripherally inserting IV’s and prevent 

irreparable nerve damage or loss of feeling or limbs by patients that has an effect on quality of 
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life. The Beasley Firm, LLC (2011) reported a medical malpractice case in which 

plaintiff Myriam Gastard, a post-doctorate fellow, research scientist, and neurobiologist 

awarded $927,000 after an IV insertion caused irreparable nerve damage. According to 

the article, Dr. Gastard treated in an emergency room for a series of blood test reported 

the error. An emergency room nurse inserted an IV to administer pain medication and the 

plaintiff immediately experienced severe pain in her dominant hand. Although she 

complained of pain, the IV catheter remained in the vein and medication administered for 

the next 24 hours. Post discharge from the hospital the plaintiff had loss of some feeling 

in her right hand and diagnosed with nerve injury that would require surgery to repair the 

damage. At the trial the hospital and nurse admitted to negligence. Dr. Gastard could not 

perform her job that involved microsurgery vital in the research she was doing for 

Alzheimer. “Hitting a nerve during an IV insertion or blood draw may or may not be 

negligent. Not doing anything about it after the patient complains of pain may be 

negligent” (The Beasley Firm, LLC, 2011, para. 5). 

  Medical malpractice lawsuits often use the term prima facie defined as the presentation 

of sufficient evidence by a plaintiff to support the legal claim (a prima facie case), or a piece of 

evidence itself (prima facie evidence) to avoid dismissal of the case or an unfavorable verdict 

(FindLaw, 2016). “If the plaintiff fails to make a prima facie case, the respondent may move for 

dismissal or a favorable directed verdict without presenting any evidence to rebut whatever 

evidence the plaintiff has presented. This is because the burden of persuading a judge or jury 

always rests with the plaintiff” (The Free Legal Dictionary, n.d., p. 2). 

 October 2007, plaintiff Beatrice Barrett underwent a stress test at Hudson Valley 

Cardiovascular Associates, P.C. in Nuclear Imaging. This test involved a nurse who inserted an 
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IV line into the vein for the administration of Adenosine, a medication that will induce physical 

exercise exertion to measure heart function ("Adenosine," 2016). Ms. Barrett alleged that the 

defendant a registered nurse negligently inserted an IV causing permanent nerve injury to her 

right arm claiming constant pain to her right arm, right shoulder, and several fingers. The 

defendants entered an opposing motion as a judgement summary. To oppose the motion and be 

successful, the plaintiff had to enter evidentiary facts, documentation, or materials to rebut the 

defendant’s prima facie to demonstrate facts that are triable (FindLaw, 2016). The defendants 

established prima facie by submitting the expert affidavits of a neurologist and cardiologist who 

reported there was no evidence that the plaintiff’s injuries were due to insertion of the IV needle 

by the nurse. The Supreme Court granted the separate motions for the nurse and the Heart Center 

as a summary judgment dismissing the plaintiff’s complaint against each of them (Barrett v. 

Hudson Valley Cardiovascular Associates, P.C., Doing Business as The Heart Center, et al., 

2012). 

Nursing heavily concentrates on communication, which includes assessment, listening, 

observing, and evaluation in conjunction with the consistency in documentation during patient 

care. As a learning process, nurses assess and evaluate when the patient complains of discomfort 

or pain during a nursing procedure such as PIVC, and to stop the procedure immediately if pain 

or discomfort is expressed (Boeson, Hranchook, & Stoller, 2000). This is a standard that is a 

mandatory educational communication requirement to teach in nursing education that transcends 

into nursing professional standards after the completion of nursing school (Accreditation 

Commission for Education in Nursing [ACEN], 2014).  

 Submitting a legal review and commentary, Delegal and Gorrie (2001) reported on the 

improper placement of an IV resulting in reflex sympathetic dystrophy complications. The 
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plaintiff required subsequent surgeries, physical therapy, and nerve blocks receiving a $155,000 

arbitration award. Arbitration involves mediated dispute resolution by a third party and is an 

alternative to litigation and generally, just as final and binding (Thomas et al., 2009). Included in 

the case notes, the assistant administrator for safety and risk management in the hospital located 

in Fort Lauderdale, Florida states, had the patient’s complaints been more closely evaluated and 

appropriately documented, perhaps the avoidance of the untoward outcome could occur (Delegal 

& Gorrie, 2001).  

 Each of the aforementioned cases suggests res ipsa loquitur, “the thing speaks for itself” 

or prima facie “the presentation of sufficient evidence by a plaintiff” (FindLaw, 2016). The 

nursing profession uses documentation to provide sufficient evidence and consistency in care. 

Nursing procedures such as IV insertion and documentation to ensure the fair and justified 

treatment of all patients meet acceptable nursing standards and procedural guidelines. “Once 

educational programs are provided, there should be a system in place to annually evaluate the 

continued competency of each staff member authorized to insert IVs, which should include 

monitoring of IV-related incidents” (Delegal & Gorrie, 2001). The legal team recommended that 

institutions requiring nurses to insert IV’s have documented evidence of successful completion 

of training methods prior to real patient PIVC (Delegal & Gorrie, 2001).  

Nursing Confidence and Anxiety 

In a safety practice survey conducted in 2013 by the Infusion Nurses Society 

(INS), 57% of the nurse participants (n = 345) reported not being taught how to insert an 

IV while in nursing school; 71%  reported receiving “on-the-job training,” and 11% 

reported the “see one, do one” after employment (Vizcarra et al., 2014). Recognized as 

the global authority in infusion therapy, the INS sets the hallmark standard for infusion 
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care (Infusion Nurses Society [INS], 2013). As an authority in IV infusion, the results of the INS 

survey suggest inadequacies in training nurses prior to real-time IV insertion, thus lending legal 

support to why cases of negligence may involve the nurses’ lack of IV cannulation experience, 

self-confidence, and anxiety.  

As previously noted, multiple insertion attempts can be a source of patient and nurse 

anxiety (Yang, Lu, Chung, & Chang, 2014; Kaur & Kaur, 2012). Nurses’ self-report fear, 

anxiety, and decreased performance confidence levels when multiple IV insertion attempts are 

unsuccessful (Reinhardt, Mullins, DeBlieck, & Schultz, 2012). Stress and anxiety are common 

challenges that effect confidence levels of nurses who face new and difficult training that may 

affect learning ability and mandatory skill pass or fail competencies (Moscaritolo, 2009). 

Moreover, a lack of confidence by the student nurse in skill performance training will likely 

move beyond graduation and into GN and RN professional practices in different degrees, at 

different times, and in different situations (Evans, Bell, Sweeney, Morgan, & Kelly, 2010). 

“During the first clinical experience the fear of making mistakes, performing clinical skills, 

faculty evaluation, lack of support by personnel and the discrepancy between what is taught in 

the classroom and what is practiced in the clinical setting is a common stressor” (Moscaritolo, 

2009, p. 17). White (2014) examined self-confidence and anxiety to assess undergraduate 

nursing students’ clinical decisions during training. The researcher developed a quantitative tool 

to assess undergraduate nursing students’ self-confidence and anxiety using a 6-point, Likert-

type tool subcategorized by a two scales survey. The 27-item Nursing Anxiety and Self-

Confidence with Clinical Decision Making (NASC-CDM) scale designated as a useful 

assessment tool that will help the novice nurse with clinical decision-making. The research 

determined there is an agreement between a great many nurse educators that nursing students 
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often experience anxiety and frequently lack the confidence with clinical decisions that 

transfers with the student into graduate nursing practices that involve real patient care 

(White, 2014).  

The NASC-CDM scale considered important to nursing as confident decision-

making is a recommended cornerstone in professional nursing; and when nurse 

educators’ strategies affect student self-confidence and anxiety, they can intervene with 

appropriate and effective learning strategies based on the NASC-CDM scale outcomes 

(White, 2014). 

Nurse learners’ encounter a variety of unique stressors that can affect their ability 

to cope with stressful situations as well as their overall academic success (Murff, 2005). 

Nurse educators must be aware of how the stress of anxiety effects confidence levels in 

nursing beginning with the first year of clinical and didactic teaching and that anxiety can 

continue after graduation and transcend into professional practice (Moscaritolo, 2009). 

The first time performing an intramuscular injection is deemed stressful for the SN and 

equates with the stress of other psychomotor nursing skills such as IV cannulation as 

SN’s advance to GN’s and first-time practicing RN’s (Speck, 1990).  

Gore, Hunt, Parker, & Raines (2011) conducted an experimental randomized 

control piloted feasibility study to determine and assess anxiety levels among nurse 

learners utilizing Jeffries’ (2005) model for design, implementation and evaluation of 

simulation experiences in nursing education. This simulation model design exemplifies 

how the triadic relationship of students, teachers, and educational practices influences 

both simulation design and desired outcomes that include confidence levels (Gore et al., 

2011). “An enhanced self-confidence and subsequent simulation experience may reach 
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for even higher levels of expectation on the part of student and teacher as predicted by the 

Jeffries model” (Gore et al., 2011, p. 176). To assess anxiety levels, the State-Trait 

Anxiety Inventory tool (STAI) administered to each of the nursing participants prior to real life 

patient care is an internationally validated diagnostic tool used in clinical settings to measure trait 

and state anxiety and to distinguish it from depressive syndromes (American Psychological 

Association [APA], 2016; Ka-Pik Chang, Wai-Yee Chung, & Kwok-Sing Wong, 2002). The 

findings reported a significantly statistical difference between the experimental group who 

participated in a simulation experience prior to an actual clinical experience and the control 

group who did not have the virtual experience. “The anxiety scores of the experimental group (n 

= 47) were 11.0 (±2.8). The control group (n = 23) reported anxiety levels at 13 (±3.4). In a two-

tailed t test, the results from this study also showed a statistically significant difference in STAI 

mean scores (p = .01)” (Gore et al., 2011, p. 178). 

Perceptions of self-efficacy, self-esteem, and self-confidence are motivating factors in 

real clinical situations and are important traits possibly not learned in the classroom but are 

acquired traits in the clinical setting by mastering newly learned skills and experiencing success 

(Lundberg, 2008). Reihardt et al. (2012) investigated self-efficacy and self-confidence based on 

the skill and performance of junior baccalaureate nursing students (n = 94) in peripheral IV 

insertion. Confidence has a significant impact on the perception of clinical success; thusly the 

lack of confidence weakens self-efficacy lowering the students’ self-esteem (Goldenberg, 

Andrusyszyn, & Iwasiw, 2005). Reinhardt et al. (2012) evaluated the student participants based 

on actual IV insertion into a patient by means of skill return demonstration, a confidence survey 

tool, and clinical self-reporting. The use of lifelike mannequins with computerized responses as 

an effective way of providing students with practice experience to increase confidence and skill 
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acquisition is a common simulation practice in nursing (Reinhardt, Mullins, DeBlieck, & 

Schultz, 2012). There are two key questions proposed in the research study: "Will confidence 

levels of students using high-fidelity computer-assisted simulation technology be higher 

than those of students using only task trainer technology?  Does sequence of exposure to 

the high-fidelity computer-assisted device in experimental groups affect student skill 

performance or confidence levels?” (Reinhardt et al., 2012, p. 159). Utilizing Laerdal 

Corporation’s Virtual I.V. (Haptics Device, Module 280-04501), the researchers were 

able to determine if this equipment enabled students to access veins more confidently and 

efficaciously than did the use of current latex arm task-trainer technology. According to 

the correlation coefficient for the first research question above, regarding skill and 

confidence level, there was no significant relationship between the students’ skill scores 

and their confidence scores (r = .165, p = .2). Findings were similar for question two 

when analyzed with confidence scores (F2,71) = 0.84, p = .4; t = .47, p = .6, suggesting 

there was no correlation between high-fidelity computer-assisted simulation instruction 

and clinical practice success rate in either skill score or confidence score (Reinhardt et al., 

2012, p. 165).  

 There are novice GN and advanced beginner RN hired to work in high-acuity settings 

such as emergency rooms, intensive care units, cardiothoracic post-surgical units, and trauma 

units as their first position in the hospital as a nurse (Clark & Springer, 2012). Thusly, first year 

practices emphasis on increasing self-confidence in graduate nurses and the critical development 

into safe practitioners is a motivation that will help to prevent job attrition that may occur due to 

“job stress, lack of organizational support, poor nurse-physician relations, unreasonable 
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workloads, uncivil work environments, and difficulty transitioning into practice” (Clark & 

Springer, 2012, p.e2).  

 Porter, Morphet, Missen, and Raymond (2013) examined self-confidence in nursing 

utilizing Bandura’s social learning theory used as the framework for a pretest posttest study. The   

study variable self-confidence underpins a nurses’ ability (n = 318) to provide competent patient 

care and is crucial to effective performance during the final year of nursing study and first year 

of practice. The study identified four performance behaviors associated with Bandura’s social 

learning theory regarding learner self-confidence. Adapting the domains in Bandura’s social 

learning theory the studied identified observing the learners’ performance, feedback acceptance, 

and emotional arousal as behavioral motivating factors that attribute to positive self-confidence 

in the clinical instruction and clinical placement of nurse learners (Porter et al., 2013). Utilizing a 

self-reporting method for perceived clinical placement preparedness in a high-acuity setting and 

confidence levels, the study findings reported a 95% mean difference with a statistically 

significant increase in confidence levels in all 14 items within the adapted domains of Bandura’s 

framework from the pretest to the posttest survey (p <0.0005 [two-tailed] (Porter et al., 2013).   

 In a study by Roberts et al. (2009), mock clinical situations including IV catheter 

insertion to reinforce learned performance skills examined the faculty and students reported 

confidence in psychomotor skills and if confidence increased during the mock clinical. 

Recognizing that a deterioration of skills over time even among licensed experienced 

professionals will occur when skills are not readily used realigns with clinical performance skill 

assessment and evaluation (Roberts et al., 2009). Performance assessments in patient care 

settings are a reinforcement of clinical training consistent with nursing practice essentials 
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(Commonwealth of Pennsylvania:  State Board of Nursing Responsibilities of the 

Registered Nurse, n.d.).  

There are important instructional learning environments and reflective 

experiences to train nurses and prepare them to provide safe and competent nursing care 

in non-threatening settings that will promote confidence in real patient situations 

(Kaddoura, 2010). In a study by Mampunge & Seekoe (2014),  recommendations for 

preparedness to become experts in skills such as PIVC and strategies to improve the 

perceived lack of confidence experienced by nurses identified gaps in learning methods 

to improve preparation for the transition from SN to GN and into the professional role of 

RN. The smooth transition from SN to RN requires the ability to assimilate clinical 

decision-making and skill related to confidence directly impact competency and IV 

insertion skill accuracy (Evans, Bell, Sweeney, Morgan, & Kelly, 2010).  

A lack of confidence and the self-perception of inadequacy to assume the 

professional nursing role remains a challenge at the forefront of the nurses’ feelings of 

preparedness along with the perceived growth and development of professional 

competency (Mampunge & Seekoe, 2014). Confidence levels and preparedness in nurses 

is a complex process to practice safely (Mampunge & Seekoe, 2014). Independently 

meeting the needs of the workforce, consideration of the entire clinical experience rather 

than intensive modules of preparation in the final year of the education is of utmost 

importance (Usher, Mills, West, Park, & Woods, 2015). 

Simulation 

During the past 20 years, simulation has expanded and integrated into nursing 

education. Although the growth and integration of simulation has improved, nursing 
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education recognizes the importance of skill development utilizing simulation for practicing 

nurses as well as students (Aebersold & Tschannen, 2013). To appreciate the significance and 

growth of simulation in the area of education, it is important to understand classifications as 

immersive simulation including case studies, role-play, branching stories, standardized patients 

or high-fidelity simulation (Aebersold, 2016). Simulation serves as a bridge between classroom 

learning and real-life clinical experience for learners’ freely allowing skill development before 

working on real patients (Center for Immersive and Simulation-Based Learning [CISL], 2017). 

Simulation uses team strategies and tools to enhance performance and patient safety 

(TeamSTEPPS) during education to enhance knowledge and freely develop skills through 

observation and debriefing sessions prior to real patient care situations (Clapper, 2014). 

TeamSTEPPS, an acronym for Team Strategies and Tools to Enhance Performance and Patient 

Safety, an evidence based framework comprised of four skills with the outcomes measuring 

performance (Clapper, 2014). Aebersold (2016) discussed simulation in health care education 

from a historical viewpoint utilizing TeamSTEPPS. Immersed in simulation, as a means to 

permit transfer of knowledge and inquiry-based learning (IBL), the TeamSTEPPS approach is 

used in many nursing educational learning environments (Aebersold, 2016; Clapper, 2014; The 

International Nursing Association for Clinical Simulation and Learning [INACSL], n.d.). 

Educational methods using inquiry-based learning (IBL) processes shift the focus from curricular 

content to academic performance found to facilitate the development of skills in a clinical 

instruction model (Holaday & Buckley, 2008). The Department of Defense and the Agency for 

Healthcare Research and Quality developed TeamSTEPPS as an education simulation to engage 

learners, deliver curriculum effectively, and to integrate teamwork into practice (Aebersold, 

2016).  
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The International Nursing Association for Clinical Simulation and Learning 

(INACSL) is an organization dedicated to improving standards of best practices for 

nurses by use of simulation methodologies and promoting nursing research (Sittner et al., 

2015).  As the gold standard organization in simulation, “INACSL recognizes that to 

advance the science of simulation as a teaching methodology, there is a need to identify 

and share best educational practices in the design, conduct, and evaluation of simulation 

activities” (Sittner et al., 2015, p. 294). INACSL supports the Agency for Healthcare 

Research and Quality (AHRQ) TeamSTEPPS curriculum strategies and tools (The 

International Nursing Association for Clinical Simulation and Learning [INACSL], n.d.). 

TeamSTEPPS strategies and tools used to enhance learner performance and increase 

patient safety promotes safety in real patient settings and clinical simulation (Agency for 

Healthcare Research and Quality [AHRQ], n.d.). Simulated patient care experiences 

increase self-confidence and critical thinking in clinical learning, thus aiding in 

the students’ knowledge and skills base and promoting patient safety as with the 

TeamSTEPPS strategies (American Association of Colleges of Nursing [AACN], 2008).  

Sanford (2010) relates nursing theory with constructivism to organize nurses’ 

critical thinking and self-reflection to prepare them for the complexity of patient care. 

Describing the use of simulation historically and the impact future assimilation of 

blending education with technology, the article focuses on qualitative and quantitative 

simulation evidence-based research. Benner (1984) conceptualized philosophy 

encouraging the development of skills through sound nursing education exploring 

experiences of the novice nurse as a prerequisite for becoming an expert in the field of 

nursing. A descriptive overview of grant funding by the Laerdal Medical Corporation 
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given to the National League of Nurses (NLN) for a three-year study of simulation involved 

eight international educators from high-performance curriculum countries as key project 

participants (Sanford, 2010). The simulation-learning model designated as a safe and supportive 

learning environment for nurses in three studied dimensions: confidence in clinical judgement 

skills, aptitude for critical thinking, and qualitative observations (Najjar, Lyman, & Miehl, 2015).  

Simulation as an educational tool is becoming increasingly prevalent in nursing education 

and offers learners an adequate experience particularly with clinical learning and skills technique 

improvements as enhancements to nursing curricula (Shin, Park, & Kim, 2015). Thomas et al. 

(2015) embarked on developing a theory-based simulation educator resource as an expectation of 

the National League for Nursing (NLN) Leadership Development Program to design a tool that 

would enhance nursing curricula. The researchers identified a gap in simulation educator 

development and the organization of resources referenced to educational theory and pedagogy. 

Rather than limiting simulation to the technical aspects, the group moved from theory to practice 

utilizing the Benner (1984) levels of novice to expert as a foundation for the groundwork. The 

main purpose of the project was to establish common operational categories of faculty 

development establishing categories into organized resources supportive of progression towards 

expertise in simulation. 

 Hayden, Keegan, Kardong-Edgren, & Smiley (2014) conducted a randomized, controlled, 

longitudinal multisite study that included five baccalaureate and five associate degree nursing 

programs to provide evidence-based information to state boards of nursing on simulation 

practices. The main purpose for the study was to evaluate student clinical performance with the 

use of simulation based on content validity. The researchers cited Oermann & Gaberson (2009), 

assertion that it was imperative nurse educators use instruments that produce reliable and valid 
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scores to assist them with conducting formative and summative evaluations of student learning 

activities during simulation.  

 The evaluation of the Creighton Simulation Evaluation Instrument (C-SEI) developed by 

a group of nurse educators, as a quantitative instrument to use as a determination tool in 

simulation effectiveness was modified (Hayden, Keegan, Kardong-Edgren, & Smiley, 2014). 

The newly adapted modified tool reflected the guidelines for clinical competency set by the 

National Council of State Boards of Nursing (Hayden, Keegan, Kardong-Edgren, & Smiley, 

2014). The Creighton Competency Evaluation Instrument (CCEI) organizes into four categories 

– assessment, communication, clinical judgement, and patient safety. The overall agreement with 

the expert rater and 35 faculty participants was 79.4% with Cronbach’s alphas above .90 

considered as highly acceptable (Hayden et al., 2014).  

 The use of near infrared vein finding technology (NIVFT) in the nursing simulation 

environment can serve as a teaching tool that will enhance anatomical selection, patient safety 

instruction, and nurse skill performances. Simulation activities prior to real patient PIVC with 

NIVFT may increase the confidence and satisfaction levels of both the nurse and patient. As a 

learning experience, Meyer et al. (2014) investigated the perceptions of new recently graduated 

RN’s as to how simulation affected their learning in school and the impact it had on stress and 

anxiety. Utilizing a qualitative descriptive design, Meyer et al. (2014) conducted semi-structured 

interviews to explore the perceptions of newly graduated nurses (n=19). The nurses reported 

traditional clinical instruction as a preference over simulation; however, when simulation 

combined didactic teaching with traditional clinical skill based experiences the nurses conveyed 

feeling better prepared (Meyer et al., 2014). 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     49 

  

 

The premise that simulation environment learning as a preparedness tool prior to patient 

and nurse experiences with PIVC aligns with INACL’s Standard V.  INACL’s Standard V 

describes how the educators’ role in providing a sound learning environment to meet outcomes 

correlates with skill confidence (Meyer et al., 2014; Najjar et al., 2015). Subsequently, training 

that utilizes simulation allows learners to become familiar with equipment and to adjust to the 

use of advancements in technology or skill requirements as students or professional nurses. 

Advancements in Technology 

The value of a healthcare facility begins with patient safety, credibility, accuracy, and 

ability to meet national and state health standards (The Joint Commission, 2013). The continued 

investment in technology influencing nursing education provides improved accountability, 

maximum benefits to foster interventions that protect both the healthcare professional and the 

patient (Kalisch, Aebersold, McLaughlin, Tschannen, & Lane, 2015).  

Valiee, Peyrovi, & Nasrabadi (2014) conducted a study evaluating the use of new 

technology by nurses. One of the key themes outlined in the qualitative study was the incorrect 

use of technology leading to significant errors. The nurses in the study (n = 12) maintained that 

the lack in connectivity between theory and practice often occurred with the introduction of new 

technology (Valiee, Peyrovi, & Nasrabadi, 2014). “Providing more integrity between theory and 

practice and updating the method of presenting cares at critical care units through different 

strategies could decrease the rate of errors at these units and hence deserves more attention” 

(Valiee et al., 2014, p. 211). In addition to decreasing error rates, training time to familiarize 

nurses on new equipment considered by some participants of the study as a hindrance, is 

important for critical care nurses who must be able to adjust quickly to the use of modern 

technology. 
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Paramount to the future of nursing are academic partnerships that can bridge 

education preparation and achievement of excellence in professional practice (Herrin et 

al., 2006). Partnerships with nurse education and the health care industry to facilitate 

technology growth and advancements by investing in the improvement of nursing 

practices helps in bridging didactic learning and skill preparation (Weinschreider & 

Dadiz, 2009). Leonard (2015) investigated the health care industry and found it is 

evolving thanks to policy changes and new health care technology. According to Leonard 

(2015) advances in healthcare requires that nursing must change or evolve to face the 

future and to establish evidence-based best practices that become hallmark standards. 

INASCL (2015) established standards of best practice designed to advance the science of 

simulation, share best practices, and provide evidence based guidelines for 

implementation and training. These best practices are benchmarks in simulation strategies 

that have an eclectic influence on this study as well as ongoing advancements in nursing 

simulation strategies that have futuristic underpinnings to include bio-medical 

engineering in research.  

 Chiao et al. (2013) studied the efficacy of vein visualization using conventional 

methods of peripheral intravenous catheter insertion. The research was interested in 

correlating patient characteristics with vein cannulation identification utilizing 

conventional proprioceptive sensory or conventional methods of feeling or visualization 

to find a suitable vein for PIVC. The second objective of interest was to evaluate NIVFT 

as a tool to identify veins in the upper extremity for IV cannulation. Funded by the 

Department of Anesthesiology and VueTek Scientific, the research concludes with 

findings that support usage of vein finding technology (VF) related to specific patient 
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characteristic groups with decreased vein visibility. With an overall increase of 3.3 (95% CI 3.0–

3.5), there was an improvement in vein visualization regardless to characteristic categories such 

as obesity or skin color as a noninvasive tool for identifying potential cannulation sites, 

particularly for patients with zero or one vein visible as seen by normal eyesight (Chiao et al., 

2013, p. 990). 

Vein finding technology examined by (Graff et al., 2013) in a piloted randomized clinical 

trial describes the use of three non-invasive devices. The study hypothesized that the use of these 

devices would increase IV insertion success rates in hospitalized children. Contrary to the 

hypothesis, the researchers found that the projection of green (Vein Viewer) or red (AccuVein) 

light on the intravenous catheter insertion site impaired detection of a possible vein and the 

participants preference was a blind venipuncture to cannulate the children. “Neither experienced 

users nor trainees obtained benefit from any of the three near infrared vascular imaging systems 

and no significant clinical value for any of the devices used in the research” (Graff et al., 2013, p. 

843). 

Training is an important aspect of achieving positive outcomes in mandatory nursing 

performance skills. Lamperti & Pittiruti, (2013) focused on the use, training, and efficacy of 

NIVFT presented in the Chiao et al. (2013) piloted study on factors hindering vein visualization. 

Expounding upon training, cost-effectiveness, and technical concerns the editorial counter-

argues that the use of NIVFT relevancy as an inclusion to the clinical practicum is far from real 

life and clinical practices in hospitals (Lamperti & Pittiruti, 2013). In addition, NIVFT may not 

take into consideration vein depth, subsequently extravasation and accidental puncture of the 

vein posterior wall can still occur if depth provisions are not included in the equipment 

(Lamperti & Pittiruti, 2013). 
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Vein Viewer is a NIVFT product patented by Christie Medical Holdings, Inc. in 

2014 and currently used in hospitals nationwide (Ramer et al., 2016). Examining the 

effect of Vein Viewer on (n = 53) oncology children Ramer et al. (2016) evaluated the 

number of IV access attempts, procedural time, and both patient and nurse satisfaction 

utilizing the equipment. After reviewing studies that included three main IV visualization 

technologies respectively: trans-illumination, ultrasound, and near infrared vascular 

access assistive devices Vein Viewer was selected for the study (Ramer et al., 2016). 

“The Christie Medical Vein Viewer functions by emitting invisible near infrared light 

onto the skins surface utilizing a camera that turns any light reflected back from the skin 

into a computer interface” (Ramer et al., 2016, p. 275).  Participants (n = 27) were in the 

Vein Viewer group and (n = 26) were assigned to the standard method of visual and 

palpating for vein IV insertion. The number of attempts per patient between 

randomization groups was not noticeably different, but attributing cause for the 

differences could be due to the nurses were all experienced and considered experts in 

starting IV. The nurses in the study generally found the device as positive and strongly 

agreed that the use of the Vein Viewer device used more frequently with vascular access 

attempts may be beneficial (Ramer et al., 2016). 

NIVFT is an innovative tool clinical practices may find beneficial to improve skill 

competencies, anatomical selection, curriculum instruction, and curricula planning 

(Boeson, Hranchook, & Stoller, 2000). Although the benefits and limitations are 

presented in the literature review, the varying methodologies discussed uniting NIVFT 

and curriculum are perceived as a less threatening way of learning with realistic 

advantages in the broadest setting; however, there is a paucity of evidence regarding the 
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efficacy that simulation in schools using NIVFT. In addition to haptic and augmented simulation 

for the inclusion of NIVFT nursing schools, on-site learning and continuing education in real 

patient care settings may have a positive outcome for the professional RN.  

Chapter 2 Summary 

This study examined the varying modalities of new technology in nursing and to 

investigate the outcomes, practicality, and effectiveness of NIVFT and if the advantages 

outweigh the expense and startup. In addition, the study examined if NIVFT would be beneficial 

to utilize as a preparedness tool during pre-licensure nursing school and as a prerequisite for 

novice and advance beginner nurses in hospital settings. As with most technology, over the 

years, it has been determined that the cost for NIVFT will significantly decrease over time 

becoming affordable as the Microsoft Xbox and the Nintendo Wii - which both have a proven 

record of accomplishment of haptic and augmented fun filled capabilities in education (Lee, 

2008). The proper use of technology such as NIVFT to support nurses may influence patient 

care, PIVC accuracy, confidence levels, and the future of nursing.  

As previously discussed, nurse educators and high-level administrators are now looking 

at ways to enhance the learning experience by researching and obtaining grants to include 

simulation and new technology in curricula (Sanford, 2010; Rizzolo, Kardong-Edgren, Oermann, 

& Jeffries, 2015). The augmentation of avatars that can fly, walk, run, use medical instruments 

such as oxygen and blood pressure monitors and the participant’s ability to interact with 

simulation from a distance virtual environment for group learning may have tremendous impacts 

on the future of nursing education (Parisi, 2014). Future long term goals that will incorporate 

training groups of nurses on IV cannulation by creating a virtual reality, haptic gaming system 
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and apps that can be easily accessible in the clinical or classroom setting are being 

investigated (Parisi, 2014).    

The integration progress of clinical and didactic pedagogies demands for unique 

educational alternatives in the nursing profession. The perception of the lack 

preparedness for PIVC and other technical skill based clinical practices are matters of 

concern that deeply affect patient care. The progressive action towards better patient care 

outcomes presents challenges in clinician general practices and efforts to influence 

actions by determining effective technologies that will enhance the novice and advanced 

beginner nurse’s skills. The use of NIVFT as a teaching and training method prior to IV 

cannulation is a more progressive action that despite the relativity of cost may assist in 

the development of skills for clinicians at the very basic level of anatomical vein choice.  
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CHAPTER 3 METHODOLOGY 

The participants were (n = 26) novice and advanced beginner nurses working at a 

level one shock trauma urban hospital located in Pittsburgh, Pennsylvania with the 

licensing to insert peripheral intravenous catheters in patients. In acute care medical 

settings between 60 to 80% of patients will require nurses to start peripheral IV 

cannulation (PIVC) during the hospital experience and some will encounter multiple IV 

insertion due to unsuccessful cannulation attempts, thus attributing to some reported 

patient needle phobias (Lyons & Kasker, 2012; Rutledge & Orr, 2005; Smeltz, 2014). 

PIVC is most likely required for patients in acute care medical settings. Unsuccessful first 

time IV cannulation accounts for some patient needle phobias that may lead to decreased 

hospital satisfaction ratings or nerve injury. Near infrared vein finding technology 

(NIVFT) as a preferred and prerequisite method for novice and advance beginner nurses 

to utilize when performing PIVC is a focus of this study.  

The research study was initiated to determine if the inclusion of NIVFT for 

patient IV cannulation as a prerequisite teaching method for novice and advanced 

beginner nurses improves nursing skill, performance and confidence levels with inserting 

PIVC on various inpatient units. A secondary aim was to examine if the successful or 

unsuccessful first attempt IV insertion correlated with perceived confidence levels when 

using NIVFT. The nurses in the study had the opportunity to train using the Christie 

Medical Vein Viewer equipment purchased by the hospital. There was not a group 

comparison of nurses using NIVFT juxtaposed to those not using NIVFT, as this was not 

permissible by hospital regulation. Subsequently, the study emphasis was on first time IV 

insertion attempt by the participants of the study and the confidence levels associated 
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with using NIVFT as a prerequisite device for IV insertion. This chapter details the research 

method of choice, the exploration of the research questions based on the theoretical framework, 

research design, sampling, instrumentation, data collection and procedures, and data analysis. 

Also included in this chapter are sections regarding benefits, risks, consents, and study 

approvals.  

Given that intravenous (IV) insertion is an essential skill for nurses, the emphasis of this 

study pertains to the use of NIVFT devices as a preferred method for IV insertion on hospital 

inpatients and as a precursor intervention for PIVC by novice and advanced beginner nurses. 

Suggestive of the problem statement, the study focus was on three research questions: 

Research Question 1: How efficacious is the use of NIVFT in increasing nurses’ confidence 

about peripheral IV insertion as evidenced by the PIVC survey tool?  The outcome measure for 

this question utilized a pretest posttest survey to examine the relationship between confidence 

levels in the novice and advanced beginner nurses’ abilities to find viable veins and successfully 

perform IV cannulation during the first insertion attempt on patients.  

Research Question 2: What is the perception of novice and advanced beginner nurses expected 

by a hospital to perform intravenous cannulation regarding their preparedness for this skill and 

the use of NIVFT?  This question addressed the qualitative aspect of the study utilizing a semi-

structured interview protocol to gather data from participants regarding concerns and perceptions 

with preparedness for IV cannulation and expected skill competency performance.  

Research Question 3: Is there a correlation between the failed attempts and confidence level of 

nurses’ who use NIVFT inserting IVs in the hospital inpatient setting? A comparison of 

quantitative data from the pretest posttest survey, questionnaires, and diary journals was 

analyzed using descriptive statistics to determine the impact of NIVFT on PIVC. Qualitative 
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interview data assisted in providing relationships between insertion attempt and confidence. The 

study associated diary and questionnaire data regarding IV insertion successful or unsuccessful 

experiences. 

Method of Choice 

The primary goal of this mixed methods study was to examine the relationship between 

confidence levels and the number of first IV insertion attempts with the use of NIVFT during a 

three weeks research period. Studies suggest nurses frequently rely blindly on palpating or 

visualizing veins as a proprioceptive technique to insert peripheral intravenous catheters 

routinely and if unsuccessful escalate the procedure to specialized staff (Kristiniak, Harpel, 

Breckenridge, & Buckle, 2012; McGowan, 2014).  Subsequently, diaries included in the study 

allowed for the coding and analysis of peripheral vein access difficulties and IV insertion first 

attempt success or failure using NIVFT (Appendix D). No prior research studies explore the use 

of NIVFT as the primary method used during peripheral intravenous cannulation by novice and 

advanced beginner nurses juxtaposed to confidence level and successful insertion attempt as a 

relationship in the acute care setting.  

The research used descriptive statistics to analyze the basic features of all quantitative 

data collected during the study as a way of describing the participants and a one-group pretest 

posttest design to measure confidence levels with the intervention of NIVFT. Scale validity and 

reliability were examined based on the NIVFT peripheral IV cannulation outcomes to enhance 

the strength of the study and to increase transferability. The qualitative aspect of this mixed 

methods study used a phenomenological study method as it related to the insight and 

perspectives of the nurses’ on-the-job training and their perceived preparedness to insert 

peripheral IV’s in real patient settings.  
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As a method, phenomenological studies elicit the existential investigation of the nurses’ 

experiences (Creswell, 2003).  Interviews collected of participations provided an evaluative data 

about the nurses’ use of the NIVFT. To accomplish this the researcher conducted a transcription 

of the audiotaped interviews to extract themes that held across the nurses’ interviews based on a 

literary approach to select related variables (Creswell, 2003). Utilizing open coding as a 

technique to chunk and summarize themes found in the interview data the research identified 

meanings that emerged from the relationships among the open codes and the connections 

between IV cannulation, preparedness, anatomical choice, and successful first PIVC attempt. 

The research study used a demographic questionnaire to obtain information from novice 

and advanced beginner nurses recently hired to work at the hospital as first time practicing 

nurses to determine the preparedness, experience, and previous PIVC (Appendix C). As defined 

throughout the study, the novice nurse is a graduate nurse (GN) hired to work in the inpatient 

hospital care setting on a temporary practice license a designated period prior to passing the 

NCLEX exam. The advanced beginner nurse is a licensed registered nurse (RN) who 

successfully passed the NCLEX exam within the past year and is a first time newly hired nurse. 

Research Design 

The study design was a single group pretest posttest design with a mixed methods 

research methodology to measure perceived confidence levels among the nurses before and after 

using the NIVFT intervention. According to Creswell (2003), this design with the pretest 

followed by the posttest measure is applicable for a single group sample. Using a convenience 

single group sample of nurses, the study did not employ the use of random assignment due to the 

set number of nurses who consented to participate in the study (n = 26)  and the exclusion criteria 

influencing the number of participants to randomize effectively across the nursing units. Data 
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reporting of the nurses’ perceived confidence levels was collected during the pre-post 

intervention, and analyzed to see if use of NIVFT was related to the participants’ confidence 

levels and first IV insertion attempts.  

The study measured and compared first successful PIVC insertion attempts, 

juxtaposed to unsuccessful insertion attempts by participants using NIVFT. The PIVC 

survey tool was the pretest posttest survey adopted to examine the relationship between 

confidence levels in the novice and advanced beginner nurses’ abilities to find viable 

veins and successfully perform IV cannulation during the first insertion attempt on 

patients (Schuster, Stahl, Murray, & Glover, 2016) (Appendix A).  

Surveys provide quantitative, descriptive data that will reveal the perceptions and 

opinions of the sample participants of a larger population (Wiersma & Jurs, 2009). The survey 

approach is apropos to this study in order to gather data on confidence levels from the sample 

nurses so that characteristics of the larger population of nurses may be identified with a rapid 

turnaround time for data collection (Creswell, 2003).  

The PIVC Insertion Confidence Assessment survey tool developed by Schuster et al. 

(2016) was the tool utilized as a pretest posttest survey and administered at the beginning and the 

conclusion of the study (Appendix A). This 10-item, 5-point Likert scale tool measures the 

nurses’ confidence with IV insertion skills, site selection, assessment, procedure, dressing, and 

documentation. Prior studies have provided evidence of reliability and validity of the scale. Each 

question correlation ranged from r = 0.93 to 0.96 with the total score correlation of r = 0.96. 

Experts from three infusion therapy leaders established the content validity of the tool. A two-

day test-retest reliability and internal consistency was pilot tested by 22 practicing nurses and 

deemed as a valid and reliable tool to measure short peripheral catheter insertion confidence of 
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staff nurses (Schuster et al., 2016). According to Wiersma & Jurs (2009) to establish content-

related validity of any tool used for assessment the test items must reflect the academic 

discipline, behavior, or whatever the items are under the study. According to Schuster et al. 

(2016), each specifically chosen item on the PIVC Insertion Confidence Assessment tool was 

representative of the content domain perceived to assess nurses’ confidence with IV cannulation 

based on the current literature as discussed above. The current researcher obtained permission to 

use the tool from the producer of the tool (Appendix A). The study used a paired samples t-test 

to measure for differences between the pretest to posttest IV insertion confidence scores and the 

association between skill performances. According to Wiersma & Jurs (2009) the paired samples 

t-test can look for changes between means as measuring the confidence levels at two designated 

points of time. The selection of a one-group pretest posttest survey as the preferred design for a 

statistical and preeminent analytical quantitative fit was appropriate for this research due to 

hospital regulations that prevented use of a comparative control group. 

    The research involved three types of qualitative collection instruments- a semi-structured 

interview, self-reporting IV insertion diary, and a questionnaire. Analysis of the qualitative data, 

aggregated into categories of information representing the diversity of ideas gathered during data 

collection, allowed for a more in-depth understanding of the impact NIVFT had on confidence 

levels. The qualitative collection used in vivo coding to highlight the terms and phrases used by 

the participants themselves to confirm concepts included in the research and to review the 

emergence of themes. The data was categorized identifying themes associated with confidence 

levels, skill preparedness, and perceived nursing satisfaction with IV insertion from the open 

responses.  
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The questionnaire design was to encourage the participant to remember their experience 

with IV insertion prior to hire and after hire and to determine their length of experience as a new 

nurse in the hospital with less than a year of professional nursing licensure (Appendix C). 

The interview data collection was either face to face or over the telephone and conducted 

during the course of the study with the intent on generalizing from the sample participant to a 

population of novice and advance beginner nurses (Appendix B). There was a triangulation of 

the audiotaped telephone or face-to face interviews, discussions, and the accompaniment of 

memos. There were no names of participants indicated throughout the study. The study used 

code number identifiers to collate participant data with all research documentation. 

Themes that emerged from the interview discussions are included in the data outcomes 

described in Chapter 4. The participants of the study completed a brief IV insertion diary that 

corresponded with the required electronic medical record entry of PIVC, location, catheter 

gauge, and either successful or non-successful first attempt. All diaries, consents, surveys, 

questionnaires, and interviews utilized coded numbers as participant identifiers. Diaries include 

days 1 through 7 for each three weeks of the study and used to indicate successful or not 

successful PIVC respectively (Appendix D). The nurse’s signature to participate in the research 

study and to use the diary during the three weeks period was included in the voluntary consent 

form for the study.  

Sampling 

 New nurses (n = 33) originally volunteered to participate in the study. However, 

do to various reasons, (n = 26) nurses participated. The participants completing the study 

included novice graduate nurses (GN) or novice to advanced beginner registered nurses 

(RN) as defined by the study. GN’s are recently graduated nurses that have earned either 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     63 

  

 

a two-year or a four-year nursing degree from an accredited school. The GN is working at the 

hospital on a temporary practice license for no longer than 120 days prior to passing the NCLEX 

exam. RN’s are nurses who have successfully passed the NCLEX board exam and are licensed to 

work in Pennsylvania. All first-time practicing newly hired registered nurses (RN) and newly 

hired graduate nurses (GN) receive on-the-job training on PIVC and the offer of additional 

training on using NIVFT during the hospital orientation and throughout the study was available.  

For this study, a level one 576-licensed bed, shock trauma center located in urban 

Southwestern Pennsylvania was the research site based on the excellent clinical reputation and 

regional presence for acute medical care. This level one shock trauma center provides service for 

much of Pennsylvania, Ohio, and West Virginia. The participants in the study worked on 

medical-surgical, critical care, and intensive care inpatient units. The study began with a 

convenience sample (n = 26) in which each newly hired nurse in the population of nurses was 

offered the opportunity to participate (Wiersma & Jurs, 2009).  

The researcher anticipated an estimated sample size of not more than (n = 50) of the new 

nurses hired to work due to the time constraints of the study. The hospital administration 

reported an anticipated hiring of at least 150 new nurses to begin between January 1, 2017, and 

September 30, 2017. Excluded from the study were hospital units that do not hire nurses with 

less than a year experience or hospital areas that do not require patient IV insertion. At the 

beginning of the study, each participant completed a questionnaire after consenting to the study 

that determined the length of employment, previous use of NIVFT, and experience inserting IV’s 

(Appendix C). Those who volunteered for the study used the Christie Medical Vein Viewer 

equipment currently available at the hospital on each floor. The Christie Medical Vein Viewer 

has been approved as an FDA Class I medical device by the hospital.  
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  The researcher assumed that nurses will have an interest in participating in this study and 

completing the survey questionnaires since IV insertion is one of the most common invasive 

procedures performed by nurses in the hospital environment (Kaur & Kaur, 2012). It is also 

assumed that since many new nurses have very little prior experience in real live IV insertions, 

or are experiencing a deterioration in performing this skill, there would be growing interest in 

using vein finders prior to cannulation (Roberts, Vignato, Moore, & Madden, 2009). As nurses 

are expected to insert IV’s and perceived efforts for successful cannulation may be barriers that 

affect confidence, it was also assumed that nurses would be eager to share their perceptions and 

insertion attempts with others to help gain knowledge in the future exploration of IV insertion 

research.  

No information on specific nurse performances on successful or not successful IV 

insertion collected as part of this research were shared with anyone outside of the key 

study personnel. Participation in the study was voluntary. To protect the confidentiality of 

the participants in the study, the researcher used an associated ID number coded on all 

transcribed records, surveys, and questionnaires included in the data analysis.  

Characteristics of the Sample 

The demographic data of the nurse participants summarized in Figure 1 includes two 

graduate nurses (GN) and twenty-four newly registered nurses (RN). The GN participants, at the 

start of the study, had not taken the Pennsylvania Professional Nurse Licensing State Board 

Exam (NCLEX) required to pass for RN status and to maintain employment as a nurse. GN 

nurses were included in the study as they have the exact same duties as the RN and perform 

PIVC. Data reported in this chapter were from the participants newly hired with less than one 

year of experience working at a large urban level one, shock trauma hospital. 
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The study began with a convenience sample of 33 newly hired nurses who volunteered to 

participate in the research. Seven of the thirty-three volunteer nurses who signed the informed 

consent opted out of the study during the first week for various reasons. As a result, the number 

of participants, twenty-six (n = 26) completed the study. The time for employment of the average 

participant was M = 2.81 months with SD = 1.4 (Figure 1). The hire dates for the study were 

from January 1, 2017 to September 30, 2017. The co-investigator verified professional licensure 

self-reported on the questionnaire by the participants on the Pennsylvania State Board of Nursing 

Professional Licensing website.  

Eleven hospital units participated in the study. The greatest percentage of participation 

was from the cardiovascular critical care unit (23.1%, n = 6) followed by medical intensive care 

unit (19.2%, n = 5), surgical intensive care unit (15.4%, n = 4), and medical step down unit 

(11.5%, n = 3). Units with 7.7% or less included (2) medical telemetry, cardiac telemetry, 

orthopedics, coronary care, trauma medical care, and observation units (Figure 2).  

 

 

 

Figure 1: Length of employment of nurses with hire dates between January 1, 2017 – September 

30, 2017 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     66 

  

 

 

 
Figure 2: Number of nurses participating from individual units 

 

Instrumentation 

Instrument #1. The Peripheral Intravenous Insertion Confidence Assessment for Short 

Peripheral Catheters is a self-administered tool to measure a person’s confidence in IV insertion 

skills (Appendix A). A panel of three infusion therapy leaders’ expert opinion confirmed validity 

of the tool. Two-day test-retest reliability and internal consistency were determined using 22 

practicing nurses (Schuster et al., 2016). Catherine Schuster Ph.D., RN and co-researchers gave 

the researcher approval to use without modifications prior to implementation of the study 

(Appendix A). The study applied this instrument as a pretest posttest survey to examine the 

relationship between confidence levels in the novice and advanced beginner nurses’ abilities to 

find viable veins and successfully perform IV cannulation during the first insertion attempt on 

patients.  

As a pretest posttest survey, the Peripheral Intravenous Insertion Confidence Assessment 

survey tool, administered at the beginning of the study and again on the final day of the study, fit 
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the research design. Administered as a paper and pencil document, the survey completion as a 

part of the consent process allowed for the quantification of confidence prior to and after the 

NIVFT intervention (Appendix A). To ensure linkage of the pretest posttest survey numerical 

coding, each survey received the same code associated with the original consent documentation.  

Instrument #2. The independent variable was use of the Christie Medical Vein Viewer 

near infrared vein finder product with FDA 510(k) Class 1 Medical Device clearances that is 

currently available on the hospital units chosen by the researcher for the study. Only one level of 

the independent variable, using the vein finder technology, was implemented in the current study 

because hospital regulations prevented use of a control group who did not use the instrument.  . 

The dependent variable in the study was success on the first attempt, coded as either successful 

or unsuccessful. Each first IV insertion attempt whether successful or unsuccessful was recorded 

in the diary provided to each participant along with coded data and entered into the electronic 

health records as a requirement of hospital administration. Analysis, summarization, and 

tabulation of the data performed using SPSS version 24 statistical software sought to measure 

and compare first attempt successful insertion attempts, juxtaposed to unsuccessful insertion 

attempts by participants using NIVFT. 

Instrument #3. The PIVC insertion diary utilized by the nurses for the three weeks study 

timeframe included coded identifiers of the participants. The diary used to record IV insertion 

numbers per shift indicated successful and unsuccessful PIVC placement used for analytics 

during the three weeks study participation. The participants’ coded numeric identifier linked all 

data in the study and attached to copies of the original consent. No dates or names were included 

in the diary with diary collection at the end of the three weeks of participation in the study. The 

diary included rows for the nurses workdays designated as 1 through 7 for a three weeks period. 
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Each row included the workday, number of successful IV insertion attempts, number of 

unsuccessful IV insertion attempts, and a comment area individually separated in three weeks 

increments and successful IV insertion attempts or not successful IV insertion attempts 

respectively. The nurses trained to use the six-category PIVC difficulty identifier code placed in 

the legend of the diary for easy access. The six categories consisted of:  (V) easily locate 

accessible vein by sight, (T) easily locate accessible veins by palpation, (N) easily locate 

accessible veins with NIVFT visualization, (U) accessible veins only identifiable with 

ultrasound, (0) lacks adequate veins for peripheral venous access, and (E) escalate to another 

nurse. The nurse also indicated if they were successful IV insertion (S) or unsuccessful IV 

insertion (UNS) in the diary. In addition, quantification of vein choices is included in the diary 

indicative of the following: (1) greater than 10 optimal vein choices, (2) 5-10 optimal vein 

choices, or (3) 1-5 optimal vein choices. Each row will provide a data value for each IV insertion 

noted in the legend of the diary (Appendix D). For every IV insertion attempt the nurses were 

required to enter the number of attempts, although the study focused on the first attempt, 

insertion location, and catheter gauge size in the patient’s electronic health record. The nurse 

participants all had preceptor or mentor nurses to guide them with the hospital procedures, 

guidelines, and documentation. The preceptor/mentors verified the diary data against the nurse 

electronic documentation of IV insertion as a secondary method to ensure accuracy in the diary 

documentation and provided the information to the co-investigator weekly. This information was 

accessible by all nurses who worked directly with new nurses as the preceptor or mentor without 

violation of patient privacy.  

Instrument #4. The 7-item Likert Scale Pre-Study Questionnaire was to encourage the 

participant to remember their experience with IV insertion prior to hire. Questionnaire items, 
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with the exception of question #1 and #3, measured experience using a 5-point Likert scale 

assigned (0) never, (1) seldom, (2) sometimes, (3) often, and (4) always. Used to determine IV 

insertion pre-study history regarding NIVFT and time working as a newly hired nurse, the 

participants were required to fill out the questionnaire as a part of the informed consent signing 

process.  Question #1 asked the nurses if they ever peripherally inserted an IV prior to the study 

(Y/N). Question #3 asked the nurses for the approximate amount of IV insertions done in a week. 

Data Collection and Procedures 

  The principal investigator and the co-investigator conducted nurse recruitment for 

participation in the study, either by word of mouth or by flyer distribution per unit. The principal 

investigator is an employee of the hospital and the co-investigator, previously employed at the 

same hospital for twelve years, is currently an assistant professor of nursing at Robert Morris 

University. Both have active registered nursing licenses by the Pennsylvania State Board of 

Nursing. Two months prior to the start of the study, the investigators placed flyers on all 

inpatient units with the information about the study. The flyers included instructions on how to 

contact the key research personnel, information about the purpose of the study, and the benefits 

or risk associated with participation in the study. The principal investigator and co-investigator 

also did presentations for new nurse orientation to recruit participants in the study. Both 

investigators trained in the study protocol and completed the mandatory hospital IRB informed 

consent training, the required CITI modules, and met with each potential participant to review 

risks, benefits, and options associated with the study participation. Potential participants who 

were interested and met inclusion criteria received a written copy of the informed consent form 

to review and could ask questions regarding the study at that time or contact the principal 

investigator or co-investigator to privately further clarify questions or concerns. 
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The three week long study commenced in October 2017. Based on the work 

schedules of a few of the participants, the week start for some began from one week to 

three weeks after the initial start date. However, all participants in the study completed 

the demographics questionnaire and pretest survey during the first day of volunteering to 

participate. All interviewing of the participants in the study occurred either face to face at 

the hospital or by telephone over the course of the study. Each participant received a 

posttest survey after completing three weeks of using NIVFT for PIVC. The investigators 

offered the nurses training using the Christie Medical Vein Viewer as a part of the study. 

For this study, there was a collaboration between the hospital’s education 

department (principal investigator) and the researcher (co-investigator). The hospital 

education department provided the nurses in the study all policies and procedures 

regarding PIVC. They also provided the newly hired nurses with a brief three-hour 

orientation and a skill checklist for PIVC. The three-hour session involved simulation 

clinical education using a low-fidelity IV injection arm to train for intravenous 

cannulation based on feel and sight of the basilic vein, the cephalic vein, median cubital 

vein, and hand vein (Figure 3).   
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Figure 3: Permission to use I.V. Injection Arm P50 granted March 2018.  This image shows the 

I.V. Injection Arm @ 3B Scientific GMBH, Germany, 2018 www.3bscientific.com 

The study provided three types of qualitative collection methodologies: semi-structured 

interviews, self-reporting diaries, and a questionnaire used to triangulate for theme emergence.  

A semi-structured interview protocol utilized information from the participants regarding PIVC 

concerns, perceptions with preparedness to perform PIVC, skill competency, and anatomical 

vein choice using NIVFT. The information was coded and triangulated to examine themes based 

on participants’ perceptions regarding NIVFT and explored to ensure that the basic lines of 

inquiry was pursued with each nurse. This allowed for a more in-depth understanding of the 

impact NIVFT has on confidence levels (Appendix B). The interviews per participant were no 

more than 5-15 minutes in length, and each nurse expressed their feelings and perspectives 

regarding the advantages and disadvantages found while using NIVFT without prejudice or bias. 

Interviewing took place over the course of the three weeks study.  

The interviewing of the participants allowed the researcher to understand nurse 

perceptions, opinions, and attitudes towards using NIVFT as the prerequisite method for PIVC 

during the three weeks study timeframe. The interview discussions helped the researcher with 
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analysis of perceptions of an increase or decrease in the nurses’ confidence level with 

respect to PIVC insertion using NIVFT and their experiences with PIVC insertion. 

Themes that emerge from the questionnaires, diaries, and interviews are included in a 

final report and presentation to the hospital administration and nurse educators.  

During the consenting process, the participants received an explanation regarding 

the mandatory use of diaries provided by the investigators to record IV insertion attempts 

while using NIVFT during the three weeks study timeframe. By signing the contract, the 

participants understood the importance of the diary and the responsibility to share the 

diary with their preceptor/mentor and the researcher either daily or weekly during the 

study. The participant provided the researcher with their work schedule for the designated 

three weeks period during the consenting process. The participant’s electronic records of 

IV insertion were accessible by the preceptor/mentor and compared to the self-reported 

diary data. The collection of the nurse’s diaries by the principal investigator or co-

investigator occurred at the end of the three weeks study. Reporting of the diary data 

entered into a spreadsheet for analysis is included in Chapter 4 of the study. The records 

of this study are strictly confidential and coded for anonymity. All research data kept in a 

locked secured file at Robert Morris University along with all informed consent forms. 

Only the principle investigator and co-investigator have access to the records. Audiotaped 

recordings, transcribed and typed into documents, were accessible by both investigators 

and used solely for the study purposes. The research did not include any information in 

any report or published paper that would make it possible to identify the participants. 

For the exploration of shared phenomenon, qualitative methods were appropriate to use 

in the current study to find common themes from interviews and to examine the self-reported 
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questionnaire data. In addition, qualitative methods in nursing research seeks to explore and 

evaluate the practicality and effectiveness with measurable performance alternatives for PIVC 

that identify best practices and evidence-based outcomes (Durham & Alden, 2008).  

Interview data was organized question by question to categorize narratives and memos 

used for analysis and to group the emergent major themes into minor sub-themes (Polit & Beck, 

2008). The intent was to identify the commonalities shared by the nurses’ perceptions related to 

the experience that could improve or increase first attempts in IV insertion. All 26 of the nurses’ 

completed the three week long study and responded to all questionnaire data. With many of the 

questionnaire responses having an inherent relationship with the interview open-ended questions 

it was frequently possible to include the questionnaire information in the data analysis of the 

study.  

As a secondary analysis, for the quantitative aspect of the study, the nurses completed a 

pretest posttest survey designed to explore prevalence and interrelations of confidence levels 

from the sampling of new nurses while providing patient care in the inpatient hospital setting. 

The Peripheral Intravenous Insertion Confidence Assessment pretest survey administered during 

the informed consent signing process aligned with the self-reported questionnaire to determine 

IV insertion experience. The nurse participants were again administered the Peripheral 

Intravenous Insertion Confidence Assessment as a posttest survey to determine the relationship 

between confidence and the use of NIVFT to insert peripheral IV catheters at the end of the 

study.  

The study explored the perceived difficulties with peripheral IV insertion from the 

nurses’ self-reported coded diaries and interviews. The diary records included the number of IV 

insertion, successful or unsuccessful placement, and IV placement difficulty. To validate the 
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diary entries, a comparison of the diaries to the charting in the electronic health records (EHR) 

by the participants’ nurse preceptors or mentors at the requests of the co-investigator was 

completed by the preceptor/mentor daily or weekly.  

Data Analysis 

 According to Creswell (2013), this research study is considered mixed methods as the 

study involves the collection of both qualitative (open-ended) and quantitative (closed-ended) 

data in response to the research questions and the hypotheses. Thusly, this research includes 

analysis of both forms of data integrated and synthesized throughout the research. Utilizing 

mixed methods allows the researcher to introduce comparison of different perspectives drawn 

from the qualitative and quantitative data (Creswell, 2013). Hospital administration requested a 

report at the end of the study for quality improvement purposes. The triangulation of data, 

achieved by using multiple tools and sources of data, provided transferability as it interrelates 

from the sample nurses back to the population of nurses in the acute care hospital setting.  

 The coding of qualitative data, including interviews, memos, and questionnaires, was 

conducted to discern the perception of novice and advanced beginner nurses regarding their 

preparedness for this PIVC and the use of NIVFT (Research Question 2). The interview 

discussions audiotaped by the researcher assisted with determination of transferability from the 

sample nurses to the population of nurses employed at hospitals. The collated transcribed data 

investigated using in vivo coding with the participants own language for similar phenomena was 

highlighted to distinguish concepts and categories of importance of theme emergence.   

 According to Wiersma & Jurs (2009), coding requires an organized set of categories 

based on a specified rationale. Thusly, lexical searching of coding themes, categories, and sub-

themes drawn out of the interviews, memos, and the diary comments, allowed for data analysis 
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during the open-coding process (Wiersma & Jurs, 2009). Implementation of content analysis 

using NVIVO11 Pro software to quantify the number of times topics mentioned in the 

transcription of the interviews and memos occurred. The use of memos to maintain the research 

momentum and to engage the participants with open communication to initiate the process of 

critical thinking was necessary for accuracy in detail. The NVIVO 11 Pro software “allows for 

tables or images embedded in rich text or Microsoft Word files to be imported and coded for 

analysis” (Wiersma & Jurs, 2009, p. 250).  

The NVivo 11 Pro software (QSR International, 2017) used to aid with the coding based 

on emergent categorical schemes was the primary organizer of the interview data. The data 

analysis revealed five emergent themes and a few outliers. The software identified the five 

emergent themes as parent nodes. Nodes are containers for coding representative of the gathered 

themes or topics used in qualitative research to find emerging patterns. A parent node is a 

collection of references about a specific topic identified in the individual participant’s interview 

responses referred to as sources in NVIVO Pro 11. The parent node stores all the data references 

in one place. The five emergent theme references (parent nodes) are further delineated and 

organized in hierarchies moving from the broad general topics into more specific minor topics 

(child nodes or sub-nodes). The NVivo 11 Pro software (QSR International, 2017) allow for the 

investigation and identification of a chain of evidence that will enhance the trustworthiness or the 

extent to which the results of the study can be interpreted accurately with no plausible alternative 

explanations (Wiersma & Jurs, 2009).  

All nurse participants in the study (n = 26) completed face-to-face or telephone 

interviews with the researcher. The transcribed audiotaped interviews and memos were typed 

into documents, uploaded into the NVivo product and were reviewed by the researcher for 
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accuracy. The clustering of the data into major and minor themes to find frequent occurrences 

was relevant for data analysis. The five main themes emerged from the participant’s individual 

interviews (sources) counted each reference to the topic mentioned in the sources using the 

NVivo 11 Pro software as shown in Table 1. 

  Quantitative data of both descriptive and inferential statistical test used categorized 

numerically coded datum analyzed utilizing SPSS version 24 software. The Peripheral 

Intravenous Insertion Confidence Assessment for short peripheral catheters, a pretest posttest 

survey, utilized a paired sample t-test to see the significant effect of confidence levels using 

NIVFT with a p-value <0.05 level of significance (Research Question 1). In addition to using a 

paired sample t-test to examine the relationship between confidence levels of the participants and 

their IV insertion experience (Research Question 3), a Wilcoxon Signed Rank Test was used 

with a p-value <0.05 level of significance. The Wilcoxon Signed Rank Test, a nonparametric test 

equivalent to the paired t-test, does not assume normality in the data and used to compare two 

sets of scores that come from the same participants (Laerd Statistics, 2013). The study 

implemented the related samples Wilcoxon Signed Rank Test as a secondary analysis of the 

pretest posttest survey.  

To provide summaries, frequencies and percentages about the nurses PIVC 

insertion attempts and confidence levels to determine outcome measures as defined by 

descriptive statistics (Gravetter & Wallnau, 2012). Collated with the participant’s number 

identifier, diary and questionnaire data entered into SPSS 24 software and Google forms 

completed the process for analysis of the qualitative data. The diary IV insertion attempt 

was either successful or unsuccessful with the final comment of confident level based on 

the five categories for peripheral vein access difficulty (PVA) and the quantifier of 
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optimal vein choice (Appendix D). The PVA categories coded from easily to locate accessible 

veins by sight to lacks adequate veins for peripheral venous access was included in the legend of 

the diary for ease. An additional category coded (E) denoted if the IV cannulation task escalated 

to another nurse after an unsuccessful attempt by the novice or advanced beginner nurse. 

Included in the diary are three categories of quantification used to designate optimal vein 

anatomical choice: 1) greater than 10 optimal vein choices, 2) 5-10 optimal vein choices, and 3) 

1-5 optimal vein choices. Self-reported diary insertion attempt and IV placement comparisons to 

the electronic health record accessible by the nurse preceptors and mentors of the participants 

and reported to the researcher to ensure data integrity and checked by the participants in the 

study prior to returning diaries.  

Full-time employment for the nurses, predetermined by work schedules for the study 

period, consists of three 12-hour shifts (36 hours) with possible rotating weekend and 

day/evening/night work. Nurses hired part-time work less than 36 hours and again could work 

weekends and day/evening/night shifts. Although nurses work as full-time or part-time staff they 

may have the opportunity to work overtime, therefore the possibility of a seven-day work 

schedule could occur. Consequently, the columns of the diary provide the structure of rows 

containing the workdays numbered from 1-7 along with the number of IV insertions, number of 

successful first attempts, and number of unsuccessful first attempts (Appendix D).    

 Google forms provided several charts, frequencies, and percentages. Utilizing the 

Google form to enter all study data except interviews and memos, assisted with the downloading 

of the data into a spreadsheet and imported into SPSS 24 software for data analytics. In addition 

to the diary data, the nurse’s intake questionnaire administered during the consenting process to 

determine experience with IV insertion went into Google forms. As previously noted the intake 
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questionnaire included use of NIVFT, experience with IV insertion, and length of 

employment as a novice or advanced beginner nurse in the hospital setting. This 

questionnaire contains quantifiable data and can also be coded by participant number and 

collated with the diary (Appendix C). Specifically, descriptive analysis of demographic 

characteristics and major variables of interest summarized in the intake questionnaire 

includes length of hire, experience inserting peripheral IV’s, number of IV insertions per 

week since date of hire. The frequency of not using NIVFT to insert IV’s prior to the 

study, and successful first attempt IV insertions with or without the use of NIVFT prior to 

the start of the study was included as major variables of interest.  

Study Approval 

 Permission to conduct the research study obtained from the Allegheny General Hospital 

Chief Nurse Executive, the Allegheny Health Network Research Study Council #RC6309, and 

the hospital systems Institutional Review Board (IRB) approval prior to the start of the study. In 

addition, the study received approval from the IRB from Robert Morris University (RMU) prior 

to the start of the study. There was adherence to all policies and regulations set forth by both IRB 

guidelines throughout the study.  

Consent 

Participants in the study were consented by the principle investigator or the co-

investigator. The researcher attended and received approval to consent participants after 

completing the consent training required for IRB approval at the study hospital. The 

principle investigator or co-investigator met with each participant to explain the purposes 

of the study, description of the study procedures, risks and benefits of being in the study. 

Participant signature indicated volunteer participation in the study. To help to prevent 
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coercion, nursing managers involved with their employee’s decision to participate or not 

participate in the study.  

There was no anticipated reason for the researcher to withdraw a participant from the 

study. Even if the participant did not insert an IV during the three week study, the participants 

were aware that all data was included in the study. All nurses that agreed to take part in the 

research could stop at any time and discontinue participation at any time without penalty or loss 

of benefits to which they are otherwise entitled. The nurses also had the right to refuse 

participation in the study and the right to withdraw from the study at any time without penalty. 

As a part of the consenting process, each nurse agreed to contact either the investigator or co-

investigator if there was a decision made to leave the research. The nurses agreed that any 

information previously collected prior to withdrawal would be included for research purposes.  

Chapter 3 Summary 

The purpose of this study was to examine the efficacy of NIVFT in increasing nurses’ 

confidence about peripheral IV insertion; and the relationship between the numbers of PIVC 

insertion successful or unsuccessful attempts evidenced by diary record entries by the 

participants in the study. The perception of novice and advanced beginner nurses’ preparedness 

when expected to insert IV’s and the perceived confidence levels based on the pretest posttest 

tool and the efficacy of NIVFT usage will be discussed in the following chapter. The researcher 

also examined the intervening independent variable, the Christie Medical Vein Viewer (NIVFT), 

and the relationship between the successful insertion attempt numbers. Cost-benefit and cost-

effectiveness of using NIVFT by novice and advanced beginner nurses is a recommended future 

study.  
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In summary, this chapter concludes the methodology, method of choice, research 

design, and other procedural data required for IRB approval based on all qualitative and 

quantitative instruments. The phenomena viewed holistically from the narratives 

provided in the qualitative data from the participants in the study and summarized in 

Chapter 4. Each questionnaire and survey included for the research completed by the 

participants determined the research interest in examining experience, the relationship 

between confidence levels and the number of first IV insertion attempts by novice and 

advanced beginner nurses in the natural hospital setting. The framework of the data 

collection procedure and the data analysis in Chapter 4 will discuss descriptive research 

questions, results, and findings using frequencies and percentages and will then discuss 

the results from the inferential research statistics as it aligns with the interview narratives.  
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CHAPTER 4 DATA ANALYSIS AND FINDINGS 

Introduction 

The purpose of this mixed methods study was to describe the participants’ self-reported 

confidence levels inserting peripheral IV catheters (PIVC) while using near infrared vein finding 

technology (NIVFT). The study emphasis was on the perceptions of novice and advanced 

beginner nurses who have less than one year work experience in the inpatient hospital setting to 

determine if the use of NIVFT improved their anatomical vein choice and successful first attempt 

at IV insertion. The study had a specific timeframe, which lasted for three weeks. The results of 

the study may provide a better understanding of IV insertion, with the use of NIVFT, and 

confidence level as it pertains to peripheral IV cannulation by novice and advanced beginner 

nurses. This chapter will provide the results of the study from all data collection sources.  

 Based on the research questions and study hypothesis the presentation of data analysis 

had overarching categories that emerged from the methodologies.  The presentation of 

qualitative research discovered the PIVC phenomenon academically and clinically to support the 

overarching theme of confidence with the use of NIVFT. In addition, the qualitative presentation 

of data explored the advantages and disadvantages using the NIVFT as well as equipment 

concerns as three supplementary themes. Exploration of the data occurred through interviews, 

through observations, through memos, and hospital guidelines. Quantitative measures of the 

study explored successful or unsuccessful first IV insertion attempt using NIVFT and the nurses’ 

perceived confidence with using NIVFT for PIVC.  Organization of the quantitative data was 

through diary, pretest posttest survey, and an initial intake questionnaire to determine 

experiences with PIVC and NIFVT.  
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The study began with acquiring the hospital unit each nurse worked on and their current 

nursing licensure status. An assigned code between the numbers of (01 to 33) was given to all 

nurses in the study, accompanied all documentation. 

Research Questions 

The study explored the challenges new nurses have with successful IV cannulation from 

their perception of preparedness prior to and after working for a few months in the acute care 

inpatient hospital setting. The results of the study may provide a better understanding of the 

novice and advanced beginner nurse’s experience across the health care continuum with the 

perceived difficulty in successfully inserting peripheral IV’s on the first attempt. Understanding 

the perception of confidence with a few months of experience inserting an IV provided insight 

for enhancements in nursing education. The intent was to identify common aspects of perception 

related to the nurse’s experience that could improve and increase confidence, satisfaction, 

anatomical vein choice, and insertion first attempt successful outcomes. The mixed-method 

study sought to answer the three research questions introduced in Chapter 1: 

1. How efficacious is the use of NIVFT in increasing nurses’ confidence about peripheral IV 

insertion as evidenced by the PIVC survey tool? 

2. What is the perception of novice and advanced beginner nurses expected by a hospital to 

perform intravenous cannulation regarding their preparedness for this skill and the use of 

NIVFT? 

3. Is there a correlation between the successful first attempts and confidence levels of nurses 

who use NIVFT inserting peripheral intravenous catheters in the hospital inpatient setting? 
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Organization of Findings 

The findings from the study presented as qualitative and quantitative, and was organized 

by the research questions. The qualitative findings were organized by the informants’ interviews. 

Supplementing the interview findings are questions from the intake questionnaire that supported 

emergent themes that arose from the interviews. The quantitative finding organized by pretest 

posttest surveys, self-reporting diaries, intake questionnaires, and successful and unsuccessful 

attempts using NIVFT were analyzed. Correlational data findings explored the relationship 

between successful IV insertion first attempts using NIVFT and the posttest survey confidence 

when performing PIVC. The study investigated the use of NIVFT by novice and advanced 

beginner nurses as a prerequisite method for peripheral IV cannulation when hired to work on 

inpatient hospital units. Analyzed and evaluated were the nurses’ confidence with PIVC skill 

performance by correlation of pre and post surveys and successful PIVC insertions.  Finalizing 

the presentation of finding was the peripheral venous access difficulty self-reported 

quantification for optimal vein selection. 

Presentation of Findings 

Research Question 1 

Pretest – Posttest Survey. The researcher administered a pretest posttest survey to 

measure confidence in performing PIVC. Participants completed the pretest survey at the 

beginning of the study during the informed consent process and a posttest survey after the three 

weeks of PIVC insertion. Table 1 presents survey data about PIVC prior to the intervention of 

NIVFT. Table 2 presents survey data after the NIVFT intervention in a one-group cohort. 

Assessing participants’ confidence with PIVC, the researcher asked the nurses to rate themselves 

in ten key statements using a 5-point Likert scale in which the pretest and posttest questions 
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scoring was strongly agree (5), agree (4), neither disagree nor agree (3), disagree (2) and strongly 

disagree (1). The scoring indicates the level of agreement with the questions all of which related 

to confidence regarding IV practices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     86 

  

 

Table 1  

Pretest Survey Results “I am Confident I can…” 

 Strongly 

Agree 

Agree Neither 

Disagree nor 

Agree 

Disagree Strongly 

Disagree 

Mode M SD 

 (5) (4) (3) (2) (1)    

Questions N % n % n % n % n %    

1.Start an IV 

within 1 or 2 

attempts 

 

1 3.8 5 19.2 13 50.0 6 23.1 1 3.8 3 3.0 .87 

2. Select the 

most appropriate 

catheter for the 

prescribed 

treatment given 

 

2 7.7 14 53.8 8 30.8 2 7.7 0 0.0 4 3.6 .75 

3. Assist my 

peers with 

difficult IV starts 

 

0 0.0 2 7.7 10 38.5 10 38.5 4 15.4 2a 2.4 .85 

4. Select an ideal 

vein for 

peripheral IV 

access 

 

0 0.0 8 30.8 13 50.0 5 19.2 0 0.0 3 3.1 .71 

5. Prepare the 

insertion site per 

hospital protocol 

 

7 26.9 15 57.7 4 15.4 0 0.0 0 0.0 4 4.1 .65 

6. Insert the 

catheter 

correctly 

 

4 15.4 11 42.3 8 30.8 3 11.5 0 0.0 4 3.6 .90 

7. Advance the 

catheter 

correctly 

 

1 3.8 11 42.3 10 38.5 4 15.4 0 0.0 4 3.3 .80 

8. Remove the 

needle/stylet 

with minimal 

blood exposure 

 

5 19.2 17 65.4 3 11.5 1 3.8 0 0.0 4 4.0 .69 

9. Dress and 

secure the IV 

catheter and 

tubing per 

hospital policy 

 

9 34.6 16 61.5 0 0.0 1 3.8 0 0.0 4 4.3 .67 

10. Document 

my IV insertion 

per hospital 

policy 

 

11 42.3 14 53.8 1 3.8 0 0.0 0 0.0 4 4.4 .57 

Note: Number completing survey (n = 26). Permission to use the Peripheral Intravenous Insertion Confidence Assessment for SPC 

Confidence evaluation tool obtained from Catherine Schuster Ph.D., RN (See Appendix A) 
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Table 2  

Posttest Survey Results “I am Confident I can…” 

 Strongly 

Agree 

Agree Neither 

Disagree 

nor Agree 

Disagree Strongly 

Disagree 

Mode M SD 

 (5) (4) (3) (2) (1)    

Questions n % n % n % n % n %    

1.Start an IV 

within 1 or 2 

attempts 

 

4 15.4 10 38.5 6 23.1 6 23.1 

   

4 3.5 1.03 

2. Select the most 

appropriate 

catheter for the 

prescribed 

treatment given 

 

8 30.8 11 42.3 4 15.4 3 11.5 

  

4 3.9 .98 

3. Assist my peers 

with difficult IV 

starts 

 

1 3.8 5 19.2 8 30.8 12 46.2 

  

2 2.8 .90 

4. Select an ideal 

vein for peripheral 

IV access 

 

4 15.4 16 61.5 5 19.2 1 3.8 

  

4 3.9 .71 

5. Prepare the 

insertion site per 

hospital protocol 

 

22 84.6 3 11.5 1 3.8 0 0.0 

  

5 4.8 .49 

6. Insert the 

catheter correctly 

 

11 42.3 11 42.3 3 11.5 1 3.8 

  

4a 4.2 .82 

7. Advance the 

catheter correctly 

 

7 26.9 12 46.2 7 26.9 0 0.0 

  

4 4.0 .75 

8. Remove the 

needle/stylet with 

minimal blood 

exposure 

 

16 61.5 9 34.6 1 3.8 0 0.0 

  

5 4.6 .58 

9. Dress and secure 

the IV catheter and 

tubing per hospital 

policy 

 

22 84.6 4 15.4 0 0.0 0 0.0 

  

5 4.8 .37 

10. Document my 

IV insertion per 

hospital policy 

 

23 88.5 3 11.5 0 0.0 0 0.0 

  

5 4.9 .33 

Note: Number completing survey (n = 26). Permission to use the Peripheral Intravenous Insertion Confidence 

Assessment for SPC Confidence evaluation tool obtained from Catherine Schuster Ph.D., RN (See Appendix A) 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     88 

  

 

The primary interest from the pretest posttest survey was the confidence level regarding 

PIVC first IV attempt before and after the NIVFT intervention.  The results found the average 

ability to start an IV pretest (n = 26, M = 3.0) and by the posttest there was an increase in 

confidence (n =26, M = 3.5). The secondary interest from the pretest posttest survey was the 

confidence level regarding the selection of an ideal vein for PIVC. The results of the pretest 

survey confidence selection of an ideal vein was (n = 26, M = 3.1) and for the posttest results 

 (n = 26, M = 3.9).  Pretest survey confidence level results increased for all questions in the 

posttest result responses. 

A paired sample t-test was used to compare the overall means across all items for the 26 

respondents on the Peripheral Intravenous Catheter (PIVC) Confidence Assessment tool 

(Appendix A). In order to use a paired samples t-test the dependent measure must be continuous, 

observations are independent of one another, and the data normally distributed with constant and 

equal variance (Statistics Solutions, 2017).  

  A paired samples t-test indicated the confidence levels were significantly higher after 

the intervention of NIVFT endorsed by participants across all items on the pretest posttest 

survey. For posttest (M = 4.19, SD = 0.36) than for pre-test (M = 3.65, SD = 0.33, t (25) = 5.515, 

p <0.000, d = 1.65) as shown in Table 3.  

Table 3  

Paired Samples Statistics Comparison of Survey Total Mean Scores 

Comparison N M SD t df Sig  

(2-tailed) 

Cohen’s d 

Posttest Mean Score 26 4.19 0.36     

    5.515 25 0.000 1.65 

Pretest Mean Score 26 3.65 0.33     
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The results of the paired samples t-test indicate a difference in confidence among the 

participants that was unlikely due to chance and the most readily identifiable difference was the 

training and practice using NIVFT for IV cannulation. 

Because individual survey items were measured using a Likert scale which is an ordinal 

level variable, the nonparametric Wilcoxon signed-rank test was used to compare pre and post 

data at the item level. Table 4 presents those results. The Wilcoxon signed-rank test mirrored the 

paired samples t-test for eight of the questions with the exception of questions two and three. The 

results of question two from the survey findings indicated the paired sample t-test (p = .077) 

while the result of the Wilcoxon signed-rank test was  ( p = .082). Question three from the survey 

findings indicated results from the paired sample t-test (p = .074) while the results of the 

Wilcoxon signed-rank test (p = .092). All but questions two and three, the difference in the 

participant confidence levels was statistically significant at the .05 level of significance. The 

difference for questions two and three was statistically significant at the .10 level of significance, 

suggesting an increase in confidence for those items as well.  

The pretest and posttest measurement of the confidence with the use of NIVFT was taken 

on a scale, where 1 = strongly disagree to 5 = strongly agree.  The results indicate that the after 

measurements show an increase in confidence.  The Wilcoxon Signed Rank Test shows that with 

the intervention of NIVFT differences between the pretest and posttest measurements is 

significant indicating an increase in confidence after using NIVFT for PIVC.  
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Table 4  

Nonparametric Test Related Samples Wilcoxon Signed Rank Test   

Summary of average level of confidence 

posttest and pretest 

Nonparametric Test             

(Related Samples 

Wilcoxon Signed 

Rank Test) 

Question# Posttest Pretest 

Significance  

(2-tailed) 

1 3.46 2.96 .018 

*2 3.92 3.62 .082 

*3 2.81 2.38 .092 

4 3.88 3.12 .001 

5 4.81 4.12 .000 

6 4.23 3.62 .007 

7 4.00 3.35 .005 

8 4.58 4.00 .003 

9 4.85 4.27 .001 

10 4.88 4.38 .001 

Note: 95% Confidence Interval. *Questions 2 and 3 significant at the 

90% Confidence Interval.  
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Research Question 2 

Interview, Observation, Memo. Interview and memo data, transcribed and entered into 

the NVivo software package considered the 26 interviews as main sources. The package codes 

data using pattern-based auto coding to structure the content and provide a way to organize the 

interview and to gather the semi-structured interview protocol questions and the informant 

answers into references.  In this process, the package classifies subsets of text as references and 

sources as the participant interview data. The references were tallied and combined into themes. 

Main themes are those that have the most references from the most sources. Minor themes have 

fewer references from multiple sources. Outlier themes have few references from few sources. 

Five main themes arose, as shown in Table 5. The main topics also considered as 

references emerged as themes found in at least 215 of the 160 interview or memo data or 74% of 

the sources (all 26 interviews) analyzed. These five themes, found in Table 5, included the 

following: Educational teaching methods both academically and clinically have a significant 

impact on successful PIVC. There are advantages with vein visualization using NIVFT as a 

prerequisite method for PIVC. Anatomical deception is a disadvantage and obstacle for PIVC 

using NIVFT. Equipment concerns and issues arising with NIVFT usage are barriers.  

Analysis of the interview data also suggested the existence of  minor themes from the 

interviews, categorized by narrower sub-topics, found in at least 112 references out of the 86 or 

77% of the informants’ individual interview data. The outlier themes had less than five sources 

mentioning data outside the emergent and minor themes. The themes described the perceptions, 

opinions, and attitudes of nurses’ experiences with peripheral intravenous catheter insertions 

along with their perceptions of using NIVFT as novice and advanced beginner nurses in broad 

overview categories. There were several minor themes associated with the main themes of 
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educational methods of learning, confidence when using NIVFT to perform PIVC, the 

advantages and disadvantages found using NIVFT, and NIVFT equipment concerns. Two of the 

five emergent themes had higher frequencies in both the sources and references. Educational 

perspectives and opinions (Main Theme 1) found in 69.2% sources found in 41 references also 

reflected informant attitudes with PIVC.  

The other emergent theme from the interviews with higher frequencies was the 

anatomical deception disadvantage and other obstacles for PIVC using NIVFT found 65.3% 

sources in 24 references shown in Table 5. 

 

 

 

Table 5  

Interview Frequency of Emergent Main Themes Regarding NIVFT Usage 

 

 Participant Individual 

Interviews (Sources) 

 Topic # (References) 

Summarization n %  n % 

Theme 1  

Educational Teaching 

Methods Academically 

and Clinically Both Have 

A Significant Impact On 

Successful PIVC   

 

18 69.2  41 43.9  

Theme 2  

Confidence When 

Performing PIVC with 

NIVFT Has A Significant 

Role In First Time 

Insertion Attempt 

 

15 57.6  22 68.1  

Theme 3  

There Are Advantages 

With Vein Visualization 

13 50.0  17  76.4 
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Using NIVFT As A 

Prerequisite Method For 

PIVC 

  

Theme 4 

 Anatomical Deception Is 

A Disadvantage and 

Obstacle For PIVC Using 

of NIVFT 

 

17 65.3  24 70.8  

 Theme 5  

Equipment Concerns and 

Issues Arising With 

NIVFT Are Barriers 

7 26.9  10 7.0  

Note: Topic percentages are the total # of references found multiple times in the participant’s 

individual interview source. A total of 26 individuals were interviewed. 

 

 

 

 

Theme 1 Education.  

Educational teaching methods have a significant impact on PIVC success. Nurses with 

less than a year experience believe that education has a significant impact on PIVC insertion. 

The emergent theme summarized as academic and clinical education, which includes hospital 

new hire orientation with simulated IV training, is founded on the framework of Benner’s 

‘Novice to Expert’ theory regarding the expectation that new nurses know how to perform PIVC 

without hesitation or with occasional cues.  

Research question (RQ) two queries the perception of novice and advanced beginner 

nurses preparedness for PIVC and the use of NIVFT. As hospitals are hiring more novice and 

advanced beginner nurses, the importance of peripheral IV catheter education and orientation 

requires nurses receive attention in the area of PIVC using NIVFT to assist with successful 

cannulation first attempts. Nurses of all levels in the novice to expert spectrum require education 

and experience in inserting IV catheters. IV cannulation requires nurses to have skills that will 
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minimize patient discomfort, nerve damage, or any other complication that could result in 

irreparable nerve damage.  

All twenty-six of the nurses had performed IV cannulation prior to the study per the pre-

study questionnaire number one responses. Question number two (Q2) in the pre-study 

questionnaire asked: How often do you “blindly stick” by relying on sight or feel for a vein?  

Results to these responses are shown in Figure 4. The responses to this question revealed 30.8% 

(n = 8) always used proprioception techniques, also referred to by the nurses as “blind sticks”, 

without vein finding technology to insert an IV and 23.1% (n = 6) reporting seldom usage of 

proprioception techniques when performing PIVC without the NIVFT. An equal number of 

nurses also reported sometimes using proprioception techniques (n = 5, 19.2%) and often using 

proprioception techniques (n = 5, 19.2%). Thus, 24 of the 26 nurses included in the study 

reported performing PIVC by blindly sticking patients relying on sight or feel of a vein prior to 

the start of the study and without the use of technology to assist with IV insertion. Only two 

nurses (7.7%) indicated they had never done blind sticks on patients and had used a hand-held 

Doppler to identify difficult peripheral veins for IV cannulation as shown in Figure 4. 
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Figure 4: Responses to Pre-Study Questionnaire #2. Always 30%, 19% Often, 19% Sometimes, 

23% Seldom, 8% Never 

 PIVC education for new hires occurs during hospital orientation and includes three hours 

of training. Within the interview data, as they relate to academic and clinical teaching methods 

having an impact on successful PIVC, there was significant pattern matching. The coinciding 

minor themes supported the internal validity of the methodology used to discern the aspects of 

the nurses’ education or hospital orientation training as observed and described by the 

informants. The education theme revealed in 18 out of 26 sources referenced 69.2% in the 

informant’s individual interviews. Triangulation of the data included interviews, questionnaire 

responses, and investigator observations during the brief three hours IV simulation training.  

There were two semi-protocol interview questions querying the study informants on their 

experiences regarding education, hospital orientation, and preparation to insert a peripheral IV: 

(Q3) “Do you feel you were prepared to start an IV?” and (Q6) “What has been your experience 

with peripheral intravenous catheter insertion?” The interviewer expounded these two questions 

during the discussions to include education while attending nursing school and education 

received during hospital orientation. Nineteen of the twenty-six (73%) informants responded to 
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(Q3), with 13 out of the 19 (68%) reporting unpreparedness prior to hire and after hospital 

orientation.  

In response to (Q6), three out of the 26 informants (11.5%) indicated previous experience 

with training either from out-of-state nursing schools or nursing schools within the state that 

permitted students to perform PIVC on patients. Of the 26 reporting training prior to hospital 

orientation two informants previously employed in other medical related fields prior to nursing 

(phlebotomist, patient care technician, emergency room technician) indicated skill development 

prior to hire. According to comments made by study informant interviews found within main 

theme one references, education on PIVC was lacking during nursing school or the training was 

not long enough during hospital orientation to have an impact on skill improvement. For some of 

the informants who did schooling out of the state of Pennsylvania, they had done PIVC during 

nursing school. “I went to school in West Virginia. We were allowed to insert IV’s while we 

were in school.”   

One informant told the researcher: 

   “No, I don’t think I was prepared to start IVs. Where I went to school, we were not 

allowed to start an IV at all. I do not think hospital training was long enough. It was 

totally like 10 minutes maximum on the arm, which was not realistic.”  

Another informant explained why she felt prepared to start an IV: 

“I was because my prior job before becoming an RN was an ED tech and as an ED tech, I 

was allowed to help out the nurses by starting IVs and doing blood work. Along with 

emptying Foley’s and helping patients to the bathroom. But working in the ED really 

prepared me for starting IVs and do IVs on hard people.” 



THE EFFICACY OF NEAR INFRARED VEIN FINDER TECHNOLOGY     97 

  

 

One other informant rated the training received at the hospital low due to the amount of time 

given to learn the skill before performing PIVC on live patients stating: 

“If I had to rate that from 1 to 10, I say about a 3 or 4 at the hospital orientation IV 

training.”  

The results established that nurses with patterns regarding skills improvement noted five 

out of 26 informants with perceived improvement after hospital education and five out of 26 with 

the perceived notion of no skill improvement. Other comments referred to skill improvement 

during or after hospital education were included in the minor themes as shown in Table 6.       

Table 6   

Interview Frequency of Minor Themes Regarding PIVC Skill Improvement and Development 

 Participant 

Individual 

Interviews 

(Sources) 

 Topic  

(References) 

Summarized Minor Themes n %  n % 

There Was Skill Improvement After Completing 

PIVC Hospital Education 

 

5 19.2  5 100.0 

There Was No Skill Improvement After Completion 

Of  PIVC Hospital Education 

 

15 57.6  8 1.8 

There Was PIVC Skill Development Prior To 

Hospital Education 

5 19.2  6 83.3 

There Was No PIVC Skill Development Prior To 

Hospitalization 
21 80.7  9 42.8 

Note: Topic percentages are the total # of references possibly found multiple times in the individual 

interview sources.  

      

One specific open-ended statement was associated with hospital education and skills 

development asked of the nurses: Tell me about the education received to complete peripheral IV 

insertions with respect to skill improvement. The perception of skill improvement varied based 

on the opinions from the informants. Many stated their frustrations with skill improvement after 
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receiving minimal training and were concerned with the expectation to perform PIVC using the 

simulation IV arm. One nurse opined: 

“Honestly, no you sit there with one of the educators and do it on obviously a fake arm, 

but I mean it is kind of hard when you just get to try it once with them and then you are 

on the floor the next week so.” 

Other nurses found no skill improvement after training for the three hour period and discussed 

the lack of opportunity to perform PIVC prior to real patient IV cannulation. 

  “No my skills have not improved. We went over it but it seems to be learn as you go 

type skill anyway. You do not get too many opportunities up here but they do come 

around from time to time but it is not really enough.” 

During the interviews, several informants suggested following the vascular access team 

for a few days or spending time in the emergency department would help to improve their PIVC 

skills. One informant suggested, “It would have been good to have followed one of the vascular 

team access nurses in order to practice being that I was new at this.”  The informants strongly 

agreed that a week or more PIVC training during the twelve to sixteen week orientation period 

would help to improve their PIVC skill, decrease anxiety, and increase confidence when 

performing PIVC. 

 

Theme 2 Confidence.  

Confidence when performing PIVC with NIVFT has a significant role in first time 

insertion attempt. Novice and advanced beginner nurses believe confidence plays a role in 

successfully inserting PIVC.  
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Interview data showed participants self-reporting fear, anxiety, and decreased 

performance confidence levels when IV insertion attempts were unsuccessful during the first 

attempt. The second emergent theme revealed through pattern matching within the datasets of 

sources, related to confidence. The coinciding minor themes or sub-nodes supported the internal 

validity of the methodology used to discern the aspects of the nurses’ perceived confidence with 

and without the use of NIVFT. 

The main theme summarized as confidence when performing PIVC with NIVFT revealed 

pattern matching of 15 sources and 22 references accounting for 68% of the perception and 

opinions, as reported in Table 5. Data were triangulated by interviews, IV insertion attempts 

recorded, and observations. Nurses described confidence or lack of confidence during interview 

discussions in detail. Quantification of confidence occurs in the survey results addressed in the 

Presentation of Quantitative Findings section of this chapter. 

There was one interview question querying the study informants on their confidence level 

when inserting a peripheral: (Q7) “Have you noticed an increase or decrease in your confidence 

level with respect to IV insertion using NIVFT?” The interviewer expounded on this question 

during the discussions to include IV insertion using NIVFT or without the use of NIVFT because 

of the first face-to-face and telephone discussions. These discussions were a part of the memos 

and took place during the first week of the study with four nurses who had inserted an IV without 

the NIVFT intervention due to broken or missing equipment on their units.  

 In reference to confidence or the lack of confidence, based on the nurses’ perceptions 

sub-themes were triangulated based on discussions, memos, and observations. There were five 

minor themes related to IV insertion and the perception of confidence shown in Table 7. The 

minor five themes revealed the following: There was an increase in confidence when using 
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NIVFT during the study.  Receiving NIVFT training during the study helped to build confidence 

for PIVC. There was PIVC confidence prior to using NIVFT as the prerequisite method for 

PIVC. There was no PIVC confidence with or without the use of NIVFT. The use of NIVFT has 

an effect on confidence with PIVC technique.   

Table 7   

Interview Frequency of Minor Themes Regarding Confidence 

  Participant 

Individual 

Interviews 

(Sources) 

 Topic # (References) 

Summarized Minor Themes n %  n % 

There Was An Increase In Confidence 

Using NIVFT For PIVC During The 

Three Week Study 

 

10 38.4  13 33.3 

Receiving NIVFT Training Helped To 

Build Confidence With PIVC 

 

17 65.3  21 80.9 

There Was PIVC Confidence Prior To 

Using NIVFT As The Prerequisite 

Method For PIVC 

 

5 19.2  9 55.5 

There Was No PIVC Confidence With or 

Without Using NIVFT  

 

5 19.2  6 83.3 

The Use Of NIVFT Has An Effect On 

Confidence With PIVC Technique  

8 30.7  15 53.3 

Note: Topic percentages are the total # of references possibly found multiple times in the 

participant’s individual interview source. 

 

This specific open-ended statement was associated with confidence asked of the 

participants:  Tell me about the use of NIVFT with respect to confidence. Many of the 

participants felt that utilization of the NIVFT to see a vein large enough for PIVC was 

significant. According to some comments, “It helped me feel where to go if that makes sense and 

helped with my confidence” and “It helped me to look where I should feel rather than just 
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randomly going for it but it helped me see where I can put the IV into the vein better.” One 

comment made by one of the informants regarding confidence using NIVFT and the perception 

of confidence by many newer nurses included: 

“The vein finder definitely prepared me and it helped with confidence. I do believe the 

use of the vein finder would help during orientation because honestly many of the nurses 

no matter where it’s at they don’t stick their patient themselves and just go find someone 

who is better than them due to lack of confidence. So I think during orientation use of the 

vein finder would help for sure. I think confidence has a lot has to do with the technique.” 

While most of the minor themes supported an increase in confidence over the course of the 

study, one minor theme suggested a lack of confidence. That is, some of the informants did not 

report confidence with a positive response. According to comments made by some participants’ 

self-assurance when performing PIVC with NIVFT identified as pseudo-confidence or a 

continued lack of confidence included:  

“I don’t think the vein finder had anything to do with my confidence level going up 

because I’ve been missing everyone lately but I don’t know what happened.”   

Another informant had responses that depicts the variations in opinion and perceptions of 

confidence while using NIVFT for PIVC. 

 “I did not personally, but I have only put in 3 maybe 4 IVs since the study began. 

Unfortunately, all of our patients usually have IVs before they come up here. But, I think 

my personal struggle with the vein finder is, I don’t want to say it gives me false 

confidence, but even though I can see the vein if I don’t feel it I am always afraid of how 

deep it is. But that is the only negative thing I have found with it. I think if we were given 

a chance to go down to the ER or OR in the pre-op area or somewhere we could do IVs 
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for a few hours my confidence and technique would definitely improve by getting our 

feet wet with it. I know, I was not taught in nursing school to do IVs.” 

Theme 3 Advantages. 

There are advantages with vein visualization using NIVFT.  New nurses believe the 

most significant advantages to using NIVFT for PIVC is vein visualization. The pattern 

of data in the third emergent theme, summarized as advantages with vein visualization 

using NIVFT, was the basis for the research focus of this study to determine the efficacy 

of using NIVFT as a prerequisite method for IV cannulation by novice and advanced 

beginner nurses. The research was conducted to examine the effectiveness in using 

NIVFT to increase nurses’ confidence when performing PIVC. The advantages were 

revealed through pattern matching of 13 sources and 17 references accounting for 76.4% 

of the perception and opinions shown in Table 5. The corresponding minor theme 

patterns support the internal validity used to discern the aspects of the nurses’ opinions 

regarding the advantages vein finder technology may offer. There were four minor 

themes related to the main theme and the perception of confidence as shown in Table 8. 

The minor themes revealed were as follows: Anatomical selection due to patient 

condition and characteristics became salient based in choosing the best vein for PIVC. 

NIVFT is a personal preference over proprioceptive vein cannulation sight and feel only 

method. The use of NIVFT has a positive advantage on the perception of successfully 

completing PIVC on the first time attempt. Vein visualization with NIVFT is an 

advantage for PIVC first attempt success.  
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Table 8  

Interview Frequency of Minor Themes Regarding NIVFT Advantages 

Summarized Minor Themes  Participant 

Individual 

Interviews           

(Sources) 

 Topic #   

(References) 

 n %  n % 

Anatomical Selection  Due 

To Patient Condition and 

Characteristics Became 

Salient Based In Choosing 

The Best Vein For PIVC  

 

8 30.7   13  61.5 

NIVFT Is A Personal 

Preference Over 

Proprioceptive Vein 

Cannulation Sight and Feel 

Only Method  

  

14 53.8   23  60.8 

The Use of NIVFT Has A 

Positive Advantage On The 

Perception Of Successfully 

Completing PIVC On First 

Time Attempt  

 

8 30.7   10 80.0  

Vein Visualization With 

NIVFT Is An Advantage 

For PIVC 

 First Attempt Success   

11 42.7   22  50.0 

Note: Topic percentages are the total # of references possibly found 

multiple times in the participant’s individual interview source. 

   

There were two semi-protocol interview questions querying the study participants on 

their experiences regarding the advantages using NIVFT: (Q1) “What are the advantages in 

using NIVFT?” and (Q8) “Has the use of NIVFT lead to more successful IV cannulations?” The 

researcher expounded on Q1 with respect to IV insertion without NIVFT usage. Insertion 

attempts without NIVFT were not included in Table 6. The researcher expounded on (Q8) during 

the interview process and correlated the responses to the diaries kept by the nurses during the 
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three weeks study. Many of the nurse informants believed that the advantages were favorable 

due to the increased vein visibility aspect of using NIVFT.   

One informant opined, “It was easier to see the veins that you cannot see or palpate that 

shows up with the vein finder was helpful and that was nice”.  Another informant discussed 

another advantage during the interview suggesting, “The vein finder helps with the darker 

complexioned patients.” The researcher was able to review other interviews and memos finding 

22 out of 26 informants indicated the same or similar sentiments. One informant who had 

favorable comments regarding advantages stated: 

“Well I mean with veins that are not visible or otherwise hard to palpate it at least gave 

me, if they were not very superficial, it gave me at least a basis of where to palpate. 

Because once I used I was able see generally where it was and I was then able to palpate 

it otherwise I might not have palpated in that area.” 

Often patients have small veins that are very difficult to feel or see.  This could be due to many 

factors such as low fluid volume.  One comment made by an informant suggested, “The only 

advantage I have really been able to find is that if you have a really hard stick it reinforces the 

fact that their veins are really tiny and that it helps you a little bit and I do prefer that over just 

sticking the patient.”  Other comments by informants indicated the advantage of using NIVFT is 

a personal preference: 

“I know there is one nurse on the floor here who swears by the vein finder, and she 

precepts a lot of us new nurses and she uses it all the time. When a new nurse has to put 

in an IV she says okay let’s find the vein finder.”  

Another nurse opined personal preference in her comment: 
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“I like it but I haven’t been able to use it because nobody has needed it yet, except for a 

really hard stick and the experienced nurses felt we should call the IV team for this really 

hard stick. So nobody on the floor attempted, so I just did not attempt. But I have used it 

at another hospital and I personally like it and would prefer to use it with my patients and 

have two more weeks to use it for the study.” 

Theme 4 Disadvantages.  

Anatomical vein deception is a disadvantage and obstacle. Nurses believe there were 

disadvantages using NIVFT for PIVC that occurred during the study. The fourth emergent theme 

summarized as anatomical deception is a disadvantage and obstacle for PIVC using NIVFT 

revealed pattern matching of 17 sources and 24 references accounting for 71% of the perception 

and opinions regarding NIVFT disadvantages as shown in Table 5. Exposed by discussions, 

memos, and observations as described in the example excerpts from the interviews data 

triangulation was possible. The corresponding minor theme patterns support the internal validity 

used to discern the aspects of the nurses’ opinions regarding the disadvantages using vein finder 

technology when performing PIVC. 

There were two semi-protocol interview questions querying the study participants on 

their experiences regarding the disadvantages using NIVFT: (Q2) “What are the disadvantages in 

using NIVFT?” and (Q6) “What has been your experience with peripheral intravenous catheter 

insertion?” The introduction of (Q6) during the interviews allowed disadvantage experiences 

discussion to become a part of the open-ended query with the participants.  Four minor themes 

related to NIVFT disadvantages emerged from the data as shown in Table 9.  The minor themes 

revealed were as follows:  Anatomical deception occurs due to vision or other factors when using 

NIVFT. A disadvantage when using NIVFT to locate a viable vein is difficulty due to the depth 
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of vein. It is time consuming using the NIVFT equipment. Insertion barriers, for example hairy 

arms and hematomas, block veins when using NIVFT. 

Table 9 

Interview Frequency of Minor Themes Regarding NIVFT Disadvantages 

Summarized Minor Themes  Participant 

Individual 

Interviews 

(Sources) 

 Topic #  

(References) 

 

 n %  n % 

Anatomical Deception 

Occurs Due To Vision or 

Other Factors When Using 

NIVFT 

 

11 42.3   15  73.3 

A Disadvantage When Using 

NIVFT To Locate  A Viable 

Vein Is Difficulty Due To 

The Depth Of Vein 

 

7 26.9   3  42.8 

It Is Time Consuming Using 

The NIVFT Equipment 

 

5 19.2   8 16.0  

Insertion Barriers Like Hairy 

Arms and Hematomas Block 

Veins When Using NIVFT  

5 19.2   6 12.0 

Note: Topic percentages are the total # of references possibly found multiple 

times in the participant’s individual interview source. 

 

Intertwined in the informants’ discussions regarding NIVFT disadvantages is NIVFT equipment 

concern patterns discussed in the Main Theme 5 section. This emerged when some of the 

informants felt finding the NIVFT equipment wasted time when there was a need for PIVC 

emergently. Many informants expressed sharing NIVFT equipment between floor units and 

going to another unit to find the NIVFT was both time consuming and interfered with patient 

care productivity. Some participants commented, “In emergency situations finding the vein 

finder would take too much time.” One informant commented: 
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“I went to find the vein finder and it was not on our unit or on the other unit which took 

too much time to look for so I had to try putting in the IV without the equipment and was 

not successful. In fact someone said it was broken”. 

Anti-reflective coating, tints, and transitional lens that darken with ultraviolet rays are common 

treatments used on eyeglasses. Two informants briefly discussed having anatomical deception 

using NIVFT based on the treatment used on their eyeglasses. One informant stated, “I found it 

hard for my eyes to see. It distorted my vision, which could be due to the glare protection on my 

eyeglasses.” Another informant stated anatomical deception occurred due to eyeglass glare 

treatment:  

“My glasses were treated for glare like when night driving and car lights hit your eyes. 

Sometimes I took them off because I felt the green light caused problems with my eyes 

due to glare and transition eyeglass treatment.”  

Although, there were only two comments made regarding anatomical deception due to eyeglass 

treatment the research findings included them as it may have significance to vein finder product 

designs. The participants also report anatomical deception based on other factors. One informant 

discussed the following: 

“If I could feel something, I thought it was easier to use my fingers to feel because just 

seeing it was almost deceiving because sometimes it looked like there was a vein there 

and it might be deep and that was hard to see. Sometimes when I would use it my eyes 

would play tricks on me in terms of where I am sticking it. Like, I would get confused on 

where my eyes were while putting in the IV using NIVFT. That was a hard adjustment 

for me.” 
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 Vein depth was a concern expressed frequently as a disadvantage when using NIVFT for 

PIVC. An informant stated, “The only thing that I don’t like is that you cannot see the depth of 

the vein but I like that you can actually visualize for hard sticks.” Veins that are superficial, 

usually seen under the skin, should be easily accessible for PIVC. However, there are patient 

characteristics such as obesity or complications such as swelling or edema where the depth of the 

veins in the hand or forearm leads to difficulty with IV cannulation. One informant opined: 

“The depth of the vein is a huge disadvantage using the vein finder. The vein finder 

made it easier to see but it did not make it easier to get in the IV. I could see stuff but if 

the vein rolled or was deep, I couldn’t get the IV in and really couldn’t do much about it.”  

A second informant expressed: 

“I think with some people you can’t even see it. I had a couple of patients it was harder to 

locate their veins and you just could not see them. It was an African American patient. 

Well that was just for one patient. I do not know if her veins were generally just hard to 

find because they were deep and maybe small but it was almost impossible to find them 

with the vein finder. There might have been different factors.” 

The informants expressed insertion barriers that block the NIVFT from illuminating 

optimal superficial hand or forearm vein choices for PIVC was a disadvantage. The informants 

reported two barriers commonly found when using the NIVFT. The first barrier discussed by the 

informants involved a solid swelling of clotted blood within the tissues known as a hematoma.   

One informant stated: 

“Sometimes the person, like the guy I took care of had previous sticks and had some 

hematomas in the area and the finder picked up the hematomas and you couldn’t see 

anything else around it due to that blood in the area.” 
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Another barrier reported by an informant involved thick hair on the arms of the patient. “I found 

hairy arms blocks the view.”   

Theme 5 Equipment Concerns 

Equipment concerns and issues arising with NIVFT. Nurses believe technology failures 

and equipment concerns are barriers when using NIVFT. The Christie Medical Vein Viewer is 

the NIVFT used in the study and was FDA approved as a Class I medical device to use at the 

hospital. The fifth and final main emergent theme, equipment concerns and issues arising with 

NIVFT are barriers, materialized based on the utilization and the sharing of the NIVFT 

equipment between two units located on the same inpatient care floor. The battery docking 

stations for the shared equipment are permanently located on one of the two units sharing the 

NIVFT equipment. This accounted for the occasional depletion of the battery in the NIVFT 

equipment causing nurses to spend time retrieving a replenished battery from the docking station 

on the shared unit. 

To determine an experience baseline with the Christie Medical Vein viewer, the pre-

study questionnaire (Q4) queried the following: Do you use the vein finder equipment (NIVFT) 

for your IV insertion attempts? The Q4 result findings answered by the informants, as never were 

73% or 19 out of the 26 participants as shown in Figure 5. Therefore, the study sought to 

eliminate concerns with IV cannulation by novice and advanced beginner nurses by introducing 

the NIVFT equipment to them prior to inception of the study during orientation seminars and on 

individual basis.  

Equipment concerns and issues arising with NIVFT revealed through the process of 

pattern matching was found to interrelate with the informant interviews and memos regarding the 

use of NIVFT in Main Theme 4: Anatomical vein deception is a disadvantage and obstacle for 
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PIVC using NIVFT. The NIVFT equipment concerns and issues emerged in seven out of 26 

sources or 30%. Triangulation provided in the equipment concern and issues theme include 

interview responses, personal discussions with hospital personnel responsible for the equipment, 

memos, and observations. The discussions with personnel responsible for the NIVFT equipment 

took place during the first week of the study when four nurses reported performing PIVC without 

the NIVFT intervention due to broken or missing equipment on their units. The researcher 

reported equipment failures to the unit educators and directors immediately. With the assistance 

of the manager of Vascular Access Team (VAT), resolution of the equipment matters occurred 

during the same week sometimes within hours on the same day of the reporting of defective 

NIVFT with new or borrowed NIVFT sent to each unit with broken or missing equipment. 

Identified were three minor themes relating to the main theme equipment concerns and 

issues arising with NIVFT as shown in Table 10. The minor themes revealed were as follows:  

There was a dislike using the NIVFT equipment. NIVFT equipment was missing or broken. A 

few nurses found other vein finder equipment was smaller and there was ease of use.  They were 

referring to vein finder used by some nurses at hospitals that are hand held penlights used to 

illuminate veins using a red light in a darkened room. In some instances, the informants referred 

to the use of hand held Doppler equipment that uses the sound of blood flowing in a vein for 

PIVC.  Although the sources based on the informant interview analysis was minimal, equipment 

concerns was important to the study due to the relationship with the research.  

Semi-structured interview protocol question 9 (Q9) asked a broad open-ended query: 

“What else would you like to share?” This introduced the expansion of discussion as it pertained 

to all other concerns with NIVFT not covered during the interviews.  
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Figure 5: Responses to Pre-Study Questionnaire # 4: Never 73%, Sometimes 12%, Seldom 8%, 

Often 4%, Always 4% 

 

Table 10  

Frequency of Minor Themes Regarding Equipment Concerns 

 

 Summarized Minor Themes Participant 

Individual 

Interviews        

(Sources) 

 Topic #                                 

(References) 

  n %  n % 

There Was A Dislike Using The NIVFT 

Equipment 

 

2 7.6   2 1.0 

NIVFT Equipment Was Missing Or 

Broken Equipment 

 

6 23.0   10 16.6 

Other Vein Finder Equipment Was 

Smaller And There Was Ease Of Use 

 

2 3.8   3 15.0  

Note: Topic percentages are the total # of references possibly found multiple times in the 

participant’s individual interview source. 

 

 The inability to use the NIVFT resonated during the research, particularly from the 

informants working overnight shifts. Several of these informants indicated the NIVFT was not 

available and were dissatisfied with the accessibility of equipment during nightshifts. Two 
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informants expressed to the researcher concerns with accessibility to the vein finder equipment. 

One of the informants stated, “The vein finder was locked up in the supervisor’s office especially 

at night on my unit”.  A second informant on the same unit discussed concerns of the same 

nature.  This informant stated, “Most of the patients needed central lines and the one opportunity 

the vein finder was locked up in the supervisor’s office in neuro ICU.”   

Another informant had concerns regarding equipment availability and opined the 

following: 

“I looked all over the ICU on the other side for the vein finder and we don’t have one. I 

don’t know if it was just because it was the nightshift all the times that I asked and that 

maybe the staff just didn’t know?” 

Other concerns expressed by the informants included the awkwardness using the vein finder due 

to size and ease of use. Two of the informants stated, “Using the equipment itself was a little bit 

awkward at times because of the size” and “I actually found it to be more difficult and in the 

way.”  According to one informant who had previously done an internship on a pediatrics unit 

after completing nursing school the ease of equipment use compared to the study vein finder was 

vastly different. There are products on the market such as the Illumivein.  The Illumivein product 

uses a high powered red LED Flashlight to locate veins, however according to the nurses it must 

be used in a darkened room to locate a vein. 

  “It is a little red light that you put next to the skin. Not like the vein finder, we have. I like 

that better than what we have here. It looks like a little flashlight and you put it next to 

the kids arm and stuff. Yeah. I like it better. We used it at Children’s Hospital on the little 

ones. It was not as big I think our vein finder is just too big for me.” 
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In summary of the qualitative findings, all informant interviews concluded once the three 

week study was completed. The informant responses to the semi-structured guided interview 

protocol were salient to the research and added breadth to the study. Discussions continued after 

the study concluded between the researcher, preceptors, mentors, and other hospital educators 

regarding an interest in the NIVFT equipment. 

Research Question 2 and 3 

Intake Questionnaire. Descriptive statistics were summarized for pretest posttest survey 

data including measures of central tendencies (mean, median, and mode) for the questionnaire   

items. The participants completed an intake questionnaire to determine their experiences prior to 

hire with IV insertion attempts and length of experience as a new nurse with less than a year of 

professional nursing. Each participant filled out the initial questionnaire during orientation to 

participate in the study (Figure 7). The questionnaire was a seven item 5-point Likert scale 

assigned (0) for never, (1) for seldom, (2) for sometimes, (3) for often, and (4) for always  as 

shown in Table 11.  

1. Have you ever inserted a peripheral IV on a patient? 

2. How often do you "blindly stick" patients by relying on sight or feel for a vein? 

3. What is your approximate number of IV insertions per week? 

4. Do you use the vein finder equipment (NIVFT) for your IV insertion attempts? 

5. If you use the vein finder equipment (NIVFT) how often are you successful on the first 

attempt? 

6. If you do not use the vein finder equipment during IV cannulation how often are you 

successful on the first IV insertion attempt? 

7. How long have you been working at AGH as a nurse? 

 

Figure 6:  Intake Questionnaire 

Table 11 presents results from this intake questionnaire. Data for two items were not 

presented in Table 11 because the study participants answered the same way. For example, all of 
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the participants had inserted a peripheral IV on a patient (Questionnaire #1) and all of them 

reported 1 to 10 insertions per week (Questionnaire #3).  

All 26 participants reported no confidence or success inserting PIVC on the first attempt 

(0%).  With (23%) of the participants reporting they were seldom successful on both the first 

attempt and the second attempt. 

Table 11 

Likert Scale Pre-Study Questionnaire Used For Analysis Data 

 Always 

(4) 

Often 

(3) 

Sometimes 

(2) 

Seldom 

(1) 

Never 

(0) 

  

 n % n % n % n % n % M SD 

2. How often do you “blindly 

stick” patients by relying on 

sight or feel for a vein? 

 

8 30.8 5 19.2 5 19.2 6 23.1 2 7.7 2.42 1.36 

4. Do you use the vein finder 

equipment (NIVFT) for your 

IV insertion attempt? 

 

1 3.8 1 3.8 3 11.5 2 7.7 19 73.1 0.57 1.10 

5. If you use the vein finder 

equipment (NIVFT) how 

often are you successful on 

the first attempt? 

 

0 0.0 2 7.7 2 7.7 1 3.8 21 80.8 0.42 0.9 

6. If you do not use the vein 

finder equipment during IV 

cannulation how often are 

you successful on the first IV 

insertion attempt? 

0 0.0 4 15.4 10 38.5 6 23.1 6 23.1 1.6 0.7 

Note: Removed from the data analysis were questions 1 and 3 where all of the study participants answered the same way (see 

Figure 7). 

The mean response (M = 2.42) indicated that on average the participants performed a 

blind stick sometimes or often prior to the NIVFT intervention with 30.8% always doing blind 

sticks. The question regarding use of NIVFT IV insertion attempts prior to the intervention 

(Questionnaire #4) revealed a mean response (M = 0.57) with 73.1% of the participants 

indicating they never used the NIVFT prior to the study. Questionnaire #5 asked if the NIVFT 
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was used on the first attempts how often the participant was successful with PIVC. Twenty-one 

of the participants answered this question (80.8%) as never. Further investigation with the 80% 

of participants responses as never revealed that 21 chose never because they had not used a vein 

finder with many reporting they had not ever seen a vein finder prior to or after hire before the 

study.  Other responses from the question found (n =2) or 7.7% of the participants reported they 

often had success on the first stick; two reported that they sometimes had success on the first IV 

insertion; two reported that they never had success on the IV insertion, and one reported seldom 

for IV insertion success. Item five results showed that none of the nurses had always used 

NIVFT for PIVC and less than five responded with often, sometimes or seldom usage of NIVFT 

for PIVC. Figure 8 provides a bar chart of the response to item five. 

 
 

Figure 7: Responses to Pre-Study Questionnaire #5. Often 7.7%, Sometimes 7.7%, Seldom 

3.8%, Never 81% ** Participants indicated they had never used a vein finder at any time before 

the study which accounts for the 80.8% 
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Successful vs. Unsuccessful IV Insertion. Investigation on the effectiveness of the 

Christie Medical Vein Viewer was addressed using the data from the intake questionnaire and 

the diaries. Item five on the intake questionnaire questioned if there was use of NIVFT how often 

they were successful on the first attempt PIVC. Subsequently, 81% (n =21) of the nurses prior to 

the NIVFT intervention had not used a vein finder at any time before the study began (Figure 8). 

The researcher was also interested in finding out results regarding question number six on the 

intake questionnaire. Although similar to question five, question six investigated if the 

participants did not use NIVFT prior to the study how often were they successful on the first 

PIVC attempt. Result showed that 38.5% responded with sometimes, 23.1% responded with 

seldom, 23.1% responded never, and 15.4% responded often (Figure 9). For both questions five 

and six, none of the participants responded with always on the questionnaire.  

 
Figure 8:  Response to Pre-Study Questionnaire #6:  Often 15.4%, Sometimes 38.5%, Seldom 

23.1%, Never 23.1% 

Successful IV cannulation was tabulated based on diary entries using the NIVFT 

intervention during the three weeks without the use of ultrasound imaging for those patients who 

lack adequate veins for PIVC by floor nurses. Nurses who used the NIVFT and reported missing 
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the vein for various reasons during the first attempt, primarily associated with technique, 

escalated the task to a more experienced nurse  ultrasound placement for extremely difficult 

placement of PIVC.  

The research investigated (RQ3) in order to correlate successful IV insertion attempts 

with confidence levels of the nurses. As shown in the analysis of pretest posttest averages, 

confidence increased each week during the study, as did the percentages of successful PIVC on 

first attempt.  

For the first week of the study, there were 45 IV insertion attempts. Of the 45 PIVC 

attempts, 16 PIVC with NIVFT were successful (35%). The other IV insertion attempts required 

ultrasound technology for IV placement after seeing a lack of optimal vein choices for 

cannulation or escalated to a more experienced nurse after an unsuccessful first attempt (65%).  

The second week of the study there were 27 PIVC attempts. Of the 27 PIVC attempts, 12 PIVC 

with NIVFT were successful (57%)  The other (43%) during week three required ultrasound 

technology or PIVC escalated to a more experienced nurse after a missed first attempt. Week 

three of the study had 42 IV insertion attempts.  Of the 42 PIVC attempts, 17 PIVC with NIVFT 

were successful (65%). Again, the other attempts required ultrasound technology or escalated to 

a more experienced nurse.  

The results showed an 85.7% increase in the percent of successful IV placements using 

NIVFT from week 1 to week 3. This increase was significant, t (13) = 2.360, p = 0.035. Success 

rates increased from (35%) during the first week to (57%) during the second week and doubling 

to (65%) during the third week with the use of NIVFT. Table 12 shows success rate data over the 

course of the study, overall and broken down by week.  

Table 12  

IV Insertions (Successful vs. Unsuccessful) 
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Measure Overall  Week 1  Week 2  Week 3 

N Sum M  N Sum M  N Sum M  N Sum M 

Insert (with 

NIVFT) 

 

49 56 1.14  20 16 0.80  12 14 1.17  17 26 1.53 

Insert (not 

NIVFT) 

 

78 58 0.74  26 29 1.12  26 13 0.50  26 16 0.62 

Percent of 

successful 

insertions 

that were 

NIVFT 

 

49 25 51.0  20 7.08 35  12 6.83 57.0  17 11.08 65 

Percent of 

successful 

insertions 

that were 

not NIFVT 

 

49 24 49.0  20 12.92 65  12 5.17 43.0  17 5.92 35 

Total 

Insertions 

(with and 

without 

NIVFT) 

 

78 114 1.46  26 45 1.73  26 27 1.04  26 42 1.62 

Sent to 

Ultrasound 

for 

placement 

of line 

 

10 30 3.00             

1st attempt 

(missed) 

escalated it 

to a more 

experienced 

nurse 

12 34 2.83             

 

Per the intake questionnaire, the participants indicated they performed PIVC less than 10 

times per week with many indicating one or two cannulation attempts per week prior to the 

study. This suggests the percentages are significantly lower for the participants when they do not 
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use NIVFT as a prerequisite method for IV cannulation as indicated in the pre-study 

questionnaire response data.  Pre-study responses indicated that prior to NIVFT intervention 

23.1% were never successful, 23.1% were seldom successful, 38.5% were sometimes successful 

with PIVC, and 15.4% were often successful (Figure 9).   

The pretest posttest confidence paired t-test sample resulted in a 3.92 mean difference 

indicative of confidence increase with the use of NIVFT. During the same interval of time, the 

successful PIVC first attempts had a 3.50 mean difference. Research question 3 (RQ3) explored 

if there was a correlation between the successful first attempts and confidence levels of nurses  

who use NIVFT inserting peripheral intravenous catheters as shown in Table 13.  

Table 13 

Correlation between the successful PIVC first attempts and confidence levels of nurses 

Variable Pretest Confidence  Posttest Confidence 

 r n sig  r n sig 

PIVC with NIVFT -0.004 49 0.976  0.384 49 0.006 

PIVC (Escalated) -0.050 78 0.665         -0.442 78 0.000 

Percent of successful PIVC 

that were NIVFT 

0.089 49 0.542  0.494 49 0.000 

Percent of successful 

insertions that were 

escalated  

-0.089 49 0.542  -0.494 49 0.000 

Total Insertions   -0.050 78 0.661  -0.211 78 0.064 

 

In addition, a Pearson product-moment correlation coefficient, computed to assess the 

relationship between the successful PIVC first attempts and pretest posttest confidence survey 

ratings, found a positive correlation. A few participants’ reported in the pretest survey use of 

NIVFT prior to the study for PIVC or performed PIVC as blind sticks.  Posttest survey data was 

calculated based on either escalation after first attempt failure or if optimal vein choice was not 

possible, with NIVFT on the unit thereby the patient require IV placement by ultrasound or 

another type of central line was placed. There was a positive correlation between the two 
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variables, (r = 0.384, n = 49, p = 0.006). A scatterplot summarizes the results (Figure 10). 

Overall, there was a moderate positive correlation between PIVC using NIVFT and the posttest 

confidence survey results as shown in Table 13. Thusly, increases in PIVC first time success 

using NIVFT correlated with increases in rating of posttest survey confidence.   

 

Figure 9: Scatterplot Correlation PIVC using NIVFT and Pretest Posttest Survey Results 

Research Question 3 

Self-Reporting Diary Entry. Each participant kept a diary of daily IV insertion activity 

verified by the nurse preceptor or mentor assigned to the novice and advanced beginner nurses in 

the study with their electronic health record (EHR) documentation entry. All participants in the 

study had an assigned preceptor or mentor who volunteered to oversee the participants as a 

hospital initiated program done to orientate all new hire nurses. The hospital preceptor and 

mentor program assigns all newly hired nurses’ to work with an experienced nurse for several 
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weeks of guidance to learn hospital procedures and skill development.  The new nurse paired 

with an experience nurse, both working the same shifts as a requirement of the hospital 

orientation program. Under the guidance of the preceptor or mentor, there were observations of 

PIVC first attempt. If necessary, the study participants’ received cues on technique to complete 

PIVC on the patients from the preceptor or mentor for successful IV cannulation. If the study 

participants were unsuccessful on the first attempt, the preceptor or mentor performed the second 

insertion attempt. The participants’ were required to document the insertion attempt in the EHR 

and entered data on the self-reporting diary. The researcher had face-to-face or phone 

conversations with the preceptors, mentors, and the participants’ every one or two days for 

verification of diary usage prior to the end of the reported work shifts. All preceptors and 

mentors were agreeable to reviewing the diary records and comparing them to the EHR entry. 

 The self-reported diaries were used to track successful or unsuccessful first attempts, 

anatomical characteristics of vein choice, and optimal vein selection for IV insertion as shown in 

Figure 6. The participants kept a diary for three weeks that documented these data. The diary 

elicited information regarding peripheral IV insertion. There were five categories describing vein 

accessibility or difficulty. Other categories included the amount of optimal vein cannulation 

choices, first attempt successful or unsuccessful cannulation, and escalation of the PIVC 

procedure. Escalation was necessary due to missed first PIVC attempts, the need to assign the 

procedure to a more experienced nurse due to patient condition, or required insertion by way of 

ultrasound. The criteria included in diary entries are found in Figure 6.  

Vein Access Categories 
1. V-  Accessible veins are easy to see  

2. T-  Accessible veins are easy to feel 

3. N-  Accessible veins with NIVFT 

4. U-  Ultrasound for line placement 

5. 0 – No Accessible veins found with NIVFT 

 

Quantification # of Optimal Vein Choices 
1. Q1 -Greater than 10 Vein  Choices 

2. Q2 -5-10 Vein Choices 

3. Q3 -1-5 Vein Choices 
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Categories for 1st Attempt  Insertion 

1. E-Escalated to another nurse 

2. S-Successful IV Insertion 

3. UNS- Unsuccessful IV Insertion 

 

Figure 10:  Peripheral Vascular Access Diary Legend. Adapted scoring method from Gregory 

Schears, MD webinar “Pre-Access Assessment, Vein Preservation and NIR”. Session 2 

December 2, 2015 (https://www.christiemed.com/learning-center/education/webinars). 

All 26 nurses had one or two workdays without diary entry as their patient care 

assignment included those who had no need for intravenous catheters. The hospital policy was 

that peripheral intravenous catheters should be replaced and IV sites rotate every 96 hours. Also 

included in this group of patients were those with other types of intravenous catheters such as a 

peripherally inserted central catheter (PICC). PICC lines commonly used for fluids, medication, 

or nutritional infusions for prolonged periods, are inserted into a large artery rather than a vein. 

Those nurses participating in the study working on the medical intensive care unit  (n = 5) and 

trauma medical unit (n = 1) indicated during the interviews the majority of their patients had 

central line catheters attributing to the minimal number of PIVC insertion attempts documented 

in their diaries.    

The diary responses included letter codes for level of difficulty, codes for optimal vein 

choice, and whether the PIVC was successful or unsuccessful. Difficulty of peripheral venous 

access (PVA) referred to accessibility in locating a vein using NIVFT as shown in Table 14. The 

PVA difficulty level for successful PIVC was determined using the five vein access categories: 

1. Accessible veins are easy to see without NIVFT 2. Accessible veins are easy to feel without NIVFT, 3. 

Accessible veins with NIVFT, 4.  Ultrasound used for line placement, 5.  No accessible veins found with 

NIVFT. Training included a detailed explanation from the researcher on how to use diary codes to 

quantify their entries. Associated with PVA difficulty level was quantification for optimal vein choice 

selection.  The participants quantified their optimal vein choice based on the following criteria using 

NIVFT for PIVC regardless of success: Q1 – Greater than ten vein choices (n = 48), Q2 – five to ten vein 
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choices (n =36), Q3 – Less than five veins (n =49).  The nurses reported of (n = 78) PIVC attempts with 

NIVFT, (57%) of the optimal vein choice selections were found twice in some cases on the same patient.  

Interviews found the participants selected more than one optimal vein choice when using NIVFT on both 

arms prior to cannulation. 

The total number of PVA difficulty diary entries (n = 506) was reported during the three 

week long study. The average peripheral venous access difficulty data from the number of PIVC 

reported from the diaries for week one was (n = 174, M = 4.83). The first week of the study 

found (57%) of the PVA difficulty diary entries were due to escalation of PIVC to ultrasound, 

lack of adequate veins with the use of NIVFT, and missed attempts escalated to another nurse.  

Week two results (n = 171, M = 4.75) found (45%) due to escalation of PIVC to ultrasound, lack 

of adequate veins with the use of NIVFT, and missed attempts escalated to another nurse. While 

week three (n = 161, M = 4.47) found (47%) of the PVA difficulty diary entries were escalated 

to ultrasound or another nurse due to missed attempts or lack of adequate veins with the use of 

NIVFT.  The data findings indicate that locating veins based on PVA difficulty data was 

relatively the same with an overall average difficulty level reported for all three weeks (n =  506, 

M = 4.6) as shown in Table 14. 

 

 

 

Table 14 

Peripheral Venous Access Difficulty Data 

 Veins 

are easy 

to see 

without 

NIVFT 

 

Veins 

are 

easy to 

feel 

without 

NIVFT 

Easy to 

find vein 

with 

NIVFT 

Ultrasound 

for line 

placement 

No 

accessible 

veins found 

with 

NIVFT 

Escalated 

to another 

nurse 

 

Total 

Sum  

M SD 

Week 1 (V) (T) (N) (U) (O) (E)    

Mean 2.6 2.8 7.0 10.6 1.6 4.1 174 4.83 3.4 
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Median 

Sum 

1.5 

16 

 

1.5 

17 

5.5 

42 

9.0 

64 

1.5 

10 

3.5 

25 

Week 2 (V) (T) (N) (U) (O) (E)    

Mean 

Median 

Sum 

3.6 

2.0 

22 

 

4.3 

3.0 

26 

7.6 

7.0 

46 

8.3 

10 

50 

0.6 

1.0 

4 

3.8 

4.0 

23 

171 4.75 2.8 

Week 3 (V) (T) (N) (U) (O) (E)    

Mean 

Median 

Sum 

3.5 

2.0 

21 

 

3.5 

2.0 

21 

7.3 

6.5 

44 

8.6 

10.0 

52 

0.3 

0.0 

2 

3.5 

4.0 

21 

161 4.47 3.0 

Note: Diary (V,T,N,U,O,E) correspond with the wording located above the code. Total sum for three 

week study (n = 506). 
 

Chapter 4 Conclusion 

The gap in the literature with nurses who have less than one year experience 

working as a professional and the use of NIVFT for educational purposes prior to real 

patient experiences has been bridged by the research findings of this study. The 

presentation of the mixed methods research provided an in-depth review in Chapter 4 of 

the data result findings. The data findings addressed the research questions based on the 

sequence and triangulation of data with evidence delivered by nurse participants’ 

interview, intake questionnaire, diary response, and pretest posttest survey data regarding 

confidence with PIVC. The findings, summarized as data points one through four, 

support the acceptance of the research hypothesis that when novice and advanced 

beginner nurses are trained to use NIVFT as the primary method for PIVC there will be a 

statistically significant increase in the successful first number of IV insertion attempts 

and confidence levels. Salient to the results are conclusion data points summarized by the 

following topics: interviews, questionnaire responses,  
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Significant Data Points 

Summary - Data Point 1 Questionnaire Responses. The study began with the 7-item 

pre-study questionnaire to determine the participants experience with PIVC and the use of 

NIVFT.  Although 100% of the participants prior to the study had done PIVC on patients, in 

response to (Q5) over (80%) or 21 of the participants indicated, they had never used a vein finder 

at any time before the study.  According to (Q2), nearly (31%) reported that they always 

performed “blind sticks” on their patients and did not rely upon any technology.   

 The mean responses of the pre-study questionnaire (Q2, Q4, Q5, and Q6) used to 

compare the outcomes from the successful and unsuccessful IV insertion attempts in the diary 

revealed significant data with regard to the experiences with PIVC and NIVFT.  Of significance 

was (Q5) which asked the participants how often they were successful with PIVC without using 

vein finding technology.  The response revealed that all 26 participants reported (0%) zero 

success on first IV insertion attempts prior to the use of NIVFT. However, after the use of 

NIVFT there was a (38%) increase in confidence reported in the interviews. 

Another area of interest revealed through (Q4) asked if the participants use NIVFT for IV 

insertion prior to the study.  For those participants familiar with NIVFT (73%) indicated they had 

never used NIVFT and relied on proprioceptive technique such as sight or feel only. Question 

one in the pretest survey results regarding confidence starting an IV during the first attempt was 

(19%) with an increase in posttest results of (39%). 
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Summary - Data Point 2 Pretest Posttest Survey. The emphasis of the study, 

confidence when performing PIVC, addressed the potential benefits of NIVFT by novice and 

advanced beginner nurses and the findings supported the rejection of the null hypothesis. The 

results indicate there is a relationship between successful first attempt numbers of IV insertion by 

those novice and advanced beginner nurses trained and using NIVFT and confidence levels when 

performing PIVC on patients thus accepting the research hypothesis as expected.   

The results of the paired samples t-tests conducted using the average confidence level across all 

items on the pre and post surveys indicated there was a significant difference in posttest confidence 

levels averages of 4.65 (SD = 0.36) from pretest confidence levels of 3.65 (SD = 0.33). The 

significance of the paired t-test results suggests that an increase in confidence is a direct result of 

using NIVFT for PIVC.  The comparisons of pre and post data for individual items using the 

Wilcoxon test also suggested in increase in confidence. 

Summary - Data Point 3 Interviews. The candid discussions of the participants from the 

interviews and discussions regarding the preparedness and confidence for PIVC prior to the 

NIVFT intervention highly supported the using NIVFT for PIVC by novice and advanced beginner 

nurses. (RQ2) asked the novice and advanced beginner nurses for their perception when expected 

by a hospital to perform intravenous cannulation regarding their preparedness for this skill with 

the use of NIVFT.  The responses overwhelming supported the perception of increased 

preparedness for PIVC with the use of NIVFT. Prior to the study (81%) of the participants reported 

no skill development prior to hospital hire for PIVC.  Educational teaching and training methods 

during the study on NIVFT had a significant impact on successful PIVC and the perceptions of 

preparedness for PIVC with the use of NIVFT by (69%) as reported in the participant interviews.  

The study focus of confidence in performing PIVC also had a significant outcome with over half 
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of the participant interviews in agreement (57%) that NIVFT had a significant role with successful 

first time PIVC attempt and increased confidence in performing PIVC.   

Well over half of the participant interviews (65%) found agreement that NIVFT training 

helped to build confidence with PIVC as a significant increase from (19%) confidence when 

performing PIVC prior to NIVFT training. Over half of the participants (58%) found no skill 

improvement after completing PIVC hospital education, however that increased by (31%) during 

the study with the use of NIVFT. Thus, per the narrative interviews, NIVFT had a significant 

effect on confidence with respect to skill technique necessary for successful PIVC insertion and 

preparedness to perform IV cannulation.  

Another significance of the finding revealed that the use of NIVFT as the prerequisite 

method reinforced the anatomical vein choice for successful first time insertion attempts. During 

the interviews (43%) of the participants agreed vein visualization with NIVFT was an advantage 

for PIVC and the perception of successfully completing PIVC on the first attempt. Anatomical 

selection on choosing the best vein, discussed in the interviews by the participants’ found that 

half (31%) agreed that became salient based on the use of NIVFT.  Overwhelmingly the 

participants chose NIVFT as a personal preference (54%) over proprioceptive vein cannulation 

methods using sight and feel only for selecting viable veins. 

Summary - Data Point 4 Diary Responses. In support of (RQ3) the self-reported diaries 

used to track successful or unsuccessful first attempts, anatomical characteristics of vein choice, 

and optimal vein selection for IV insertion.  When compared to the successful IV insertion first 

attempt reported in the intake questionnaire as (0%) success the results from the diary success 

percentages increased significantly weekly.  As reported there was a statistical significance in IV 
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insertion attempts with the use of NIVFT as the successful IV placements percentages nearly 

increased over (30%) during the three week study.  

As previously noted, the significance revealed weekly increases from (35%) in week one 

to nearly doubling to (65%) by the end of week three.  Subsequently, there was a negative 

correlation with PIVC success suggesting when using NIVFT the IV insertion first attempt 

success increased in comparison with the questionnaire results indicating PIVC success was less 

likely for the novice and advanced beginner nurse when relying solely on sight or feel for IV 

cannulation.  In addition to correlation of diary and questionnaire data, the diary success attempts 

compared to results of the pretest posttest survey and discussed in the next section.  

Chapter 4 Summary 

Given the strong evidence presented from the results of the study the inclusion of NIVFT 

for PIVC by novice and advanced beginner nurses is a significant intervention and method for 

successful IV cannulation.  Based on the results both confidence and success first IV insertion 

attempts have a relationship that is meaningful to the research.  This suggests that there is a 

direct correlation between the two that will have an impact on hospital cost and patient safety.  

Moreover, the creators of the NIVFT equipment used in the study opine that the costs of PIVC 

placement increases with each attempt to over $128, which is four times the costs of one $32 IV 

catheter (Christie Medical Holdings, Incorporated, 2016).   

The evidence presented from the study shows that novice and advanced beginner nurses 

utilizing this product deescalated the costs incurred by hospitals associated with PIVC placement 

while having a significantly greater increase in the percentages of confidence when successful IV 

first time attempt insertion occurred when utilizing NIVFT  
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The last chapter of the research, chapter 5, describes the interpretations of the qualitative 

and quantitative findings.  Included are suggestions to enhance the nursing and implications to 

the field of nursing with PIVC education using NIVFT. Recommendations for future research 

using NIVFT, and the conclusion of the study finalize the chapter.  

.  
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CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS 

 This study examined and observed the use of near infrared vein finding technology 

(NIVFT) and the confidence levels of nurses when inserting a peripheral intravenous catheter 

(PIVC). The mixed methods study used a pretest posttest design to examine confidence using 

NIVFT that can assist nurses with vein identification in the inpatient hospital setting as the 

preferred method for IV by novice and advanced beginner nurses. A convenience sample of 26 

nurses with less than one year experience as either a graduate nurse or a registered nurse 

participated in the study. Data collection involved questionnaires, pretest posttest surveys, 

interviews, memos, and a self-reported three weeks diary kept by the participants. Data analysis 

results found there was a significant difference on confidence levels with peripheral intravenous 

catheter insertion using NIVFT in Chapter 4.  

The aim of the intervention (NIVFT) described in this study was to equip the novice and 

advanced beginner nurses with appropriate strategies and optimal vein cannulation choices to 

insert peripheral intravenous catheters by illuminating the veins of hospital inpatients. Evidence-

based, effective, patient-centered care achieved when newer nurses working in the inpatient 

hospital setting use the vein finder equipment purchased by the hospital to benefit the patient and 

to assist the nurse to insert PIVC confidently and with accuracy.  

In support of Valiee et.al, 2014, the results of the study provided integrity between theory 

and practice by introducing NIVFT as a prerequisite method and different strategy to assist in 

decreasing the rate of missed PIVC, thus deserving of more attention. The results obtained from 

the study found a statistically significant relationship between increased confidence and 

successful PIVC attempts. Acceptance of this hypothesis based on the instruments used for the 

study relate to the ideas proposed by Chiao et al. (2013). Chiao et al. (2013) discussed the 
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improvement in vein visualization regardless to characteristic categories such as obesity or skin 

color as a noninvasive tool for identifying potential cannulation sites, particularly for patients 

with zero or one vein visible as seen by normal eyesight.  

Research Questions 

Benner (1984), theory of novice to expert, was the foundation for the groundwork 

of this study used to establish common categories of new nurse development establishing 

resources supportive of the use of NIVFT. Jones et al., (2014) opined that traditional 

nursing education using virtual IV training devices or low-fidelity as unrealistic based on 

real patient conditions. Mampunge & Seekoe (2014) recommended preparedness is a 

focus to become experts in skills and strategies to improve the perceived lack of 

confidence experienced by nurses who are transitioning from student nurse (SN) to 

professional licensed registered nurse (RN).  The primary endpoint was improving 

confidence with the use of NIVFT and the efficacy of successful IV cannulation first 

attempt when using NIVFT. 

  The research questions (RQ) in this study were the following: (RQ1) How efficacious is 

the use of NIVFT in increasing nurses’ confidence about peripheral IV insertion as evidenced by 

the PIVC survey tool?  (RQ2) What is the perception of novice and advanced beginner nurses 

expected by a hospital to perform intravenous cannulation regarding their preparedness for this 

skill and the use of NIVFT?  (RQ3) Is there a relationship between the failed attempts and 

confidence levels of nurses who use NIVFT inserting peripheral intravenous catheters in the 

hospital inpatient setting? The focus of these questions were intrinsic to the exploration of newly 

hired nurses’ first attempt to perform successful PIVC insertion with NIVFT. Results in the 

findings showed a significant difference in the confidence after the intervention of NIVFT 
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endorsed by participants between pre-test and post-test (t (25) = 5.51, p <0.000) marries with the 

perceptions of self-efficacy, self-esteem, and self-confidence motivating factors in real clinical 

situations.  

According to Lundberg (2008), perceptions of self-confidence is an acquired trait in the 

clinical situations and mastery of newly learned methods and strategies will positively affect 

experiences of success with required skills such as PIVC. The interviews indicated training with 

NIVFT in conjunction with the use of simulation increased their preparedness to perform PIVC 

without hesitation as it correlates with self-confidence and mastery (Lundberg, 2008; Meyer et 

al., 2014; Najjar et al., 2015). Research question one investigated preparedness and the efficacy 

of using NIVFT to increase confidence.  Mastery of skill aligns with the framework of the novice 

to expert theory and the preparedness to perform PIVC by nurses with little or no experience 

(Benner, 1984).  Key findings of preparedness included educational teaching methods that have a 

significant impact on PIVC success and confidence with mastery of skill as evidence by the 

pretest posttest survey results.  Research question two investigated the perception of novice and 

advanced beginner nurses preparedness for PIVC when using NIVFT during the study.  The 

conclusion was that training with NIVFT to perform PIVC significantly had an increase on 

confidence and the perception of preparedness by 87%. Research question three regarding 

correlation between successful first PIVC attempt and confidence resulted in a positive 

correlation between the two variables suggesting both increase in tandem when using NIVFT. 

Significance of Findings 

The significance of the study findings bridge back into the introduction and background 

discussed in chapter one. The findings enrich nursing education with evidence that supports 

using NIVFT as a method for teaching and training PIVC to minimize multiple attempts with 
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cannulation. The findings suggest study participants’ confidence with IV placement 

increased after the NIVFT intervention and that the increase was statistically significant.  

As discussed in chapter four the IV insertion first attempt success rate 

significantly increased from 35% to 65% with the intervention of NIVFT for PIVC.  The 

findings also found a significant difference in the pretest scores for confidence with the 

posttest scores after the intervention of NIVFT. These results suggest that NIVFT really 

does have an influence on the increase of confidence. The results suggest that when 

NIVFT is used the number of successful PIVC first time attempts increase. 

 As indicated in chapters one and two, the expectation that novice and advanced beginner 

nurses to perform PIVC regardless to education and experience is a requirement of the profession 

without hesitation.  PIVC requires new nurses perform this skill in a short period and it be done 

in a manner that will minimize discomfort and complication their patients may experience. The 

significance of minimizing PIVC complications is supported in chapter three as the literature 

review discovered multiple legal cases regarding nerve damage with irreparable damage 

resulting in financial settlements that effect nurse licensure and hospital costs (Masoorli, 2007; 

The Beasley Firm, LLC, 2011).   

The study conclusion, salient to the significance of the study, suggests that utilization of 

NIVFT has a significant impact on successful IV insertions and increased confidence levels by 

the novice and advanced beginner nurses when performing PIVC. The interpretations of the 

finding presented in this chapter include nursing education recommendations and suggestions for 

future research regarding the emergent themes discussed in chapter four. Throughout literature it 

has been deemed that 60 to 80% of inpatients will require nurses to start peripheral IV 

cannulation (PIVC) during the hospital experience and some will encounter multiple IV 
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insertions due to unsuccessful cannulation attempt (Lyons & Kasker, 2012; Rutledge & Orr, 

2005; Smeltz, 2014).  

The presentation of quantitative data provided an in depth chain of evidence regarding 

the novice and advanced beginner nurses’ confidence while using NIVFT from the survey 

results. The results from the “blind stick” questionnaire percentages in comparison to the 

successful PIVC with NIVFT percentages confirmed the acceptance of the research hypothesis 

and the need for further research in future studies.  

The literature search did not find the use of near infrared vein finding technology 

(NIVFT), with a focus on novice and advanced beginner nurses as a prerequisite method for 

PIVC as it pertains to confidence when performing PIVC before the present study. Within the 

study the confidence level increased by 87% with the use of NIVFT. The PIVC with NIVFT 

success rate was shown in the study to be significant based on the diary descriptive success rates 

increasing from 30.6% without NIVFT to 50.0% during the first week using the NIVFT.  

  The findings and conclusions provide insight into the gap in the literature of the 

experiences of the nurses related to the emergent themes from the qualitative aspect of the study 

based on RQ2 and RQ3. The conclusion from the findings relate to emergent themes are 

perceptions of the nurses based on discussions and interviews. The education and orientation 

theme uncovered that new nurses find an importance of including NIVFT during the orientation 

period. The IV orientation currently is three-hours only which the nurses felt was not beneficial 

due to the low-fidelity simulation method and deemed this unrealistic. A few days rounding on 

units to improve insertion skill and technique during the orientation period may prove to be 

beneficial and increase new nurses’ perception of confidence in performing PIVC. 
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The use of the Vein Viewer product at the hospital helps to increase the confidence in 

finding a viable vein for PIVC; however, it did not guarantee successful IV cannulation due to 

technique, vein movement, and uncertainty with vein depth. There would be greater advantages 

in the Vein Viewer usage if the nurses could visualize veins deeper than 10mm or 15mm, thus 

decreasing missed attempts due to depth uncertainties. 

The disadvantage noted in the emergent themes was vision distortion from glare on 

eyeglass lens, especially those treated for computer glare, and anatomical deception affecting 

nurse confidence in successful IV cannulation. There were several concerns with respect to vein 

finder sharing by units. The NIVFT failures such as battery depletion, unavailability of the 

equipment on shared units, broken or malfunctioning equipment caused some of the nurses to 

attempt without NIVFT.  

The significance from the informant interviews, which occurred throughout the study, 

triangulated with memos and observations at the end of study, revealed that NIVFT became a 

positive influence for PIVC from week one to week three.   

Research question (RQ2) two addressed the study participants’ perception of skill 

preparedness with the use of NIVFT.  Feedback received support the research hypothesis that 

nurses of all levels in the novice to expert spectrum require NIVFT education and experience in 

inserting IV catheters. IV cannulation requires nurses to have skills that will minimize patient 

discomfort, nerve damage, or any other complication that could result in irreparable nerve 

damage. As reported by the participants, nursing education for PIVC is brief.  Nurses reported 

they did not have real experience preparation while in nursing school.  The perception of 

preparation after hire was inadequate prior to real patient cannulation.  
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The research questions (RQ1) and (RQ3) addressed by the data analysis findings and 

conclusions provide insight into the gap in the literature of the experience with PIVC by novice 

and advanced beginner nurses. With respect to (RQ1),  and the use of NIVFT in increasing 

nurses’ confidence as evidenced by the PIVC survey tool research found a gap in the literature 

regarding the novice and advanced beginner nurse’s experience and efficacy of NIVFT for 

PIVC. Confidence and success rates with the near infrared vein finding technology (NIVFT) 

experience when placing peripheral intravenous catheters (PIVC) increased significantly. The 

increase confirmed (RQ3) suggesting there is a relationship between the failed attempts and 

confidence levels of nurses who use NIVFT inserting peripheral intravenous catheters as 

evidenced by the negative correlation between the two variables.   

As the nurses reported less failure with first attempt PIVC from week one into week three 

their confidence as per the survey results increased significantly.  In support of  the Infusion 

Nurses Society [INS], 2013, the results suggest training and education utilizing NIVFT for PIVC 

has an impact on the inadequacies in training nurses prior to real-time IV insertion, thus lending 

support to why NIVFT used for PIVC experience can improve self-confidence, decrease patient 

multiple insertion attempts, and improve safety in patient care.  

Implications for Nursing 

The main overarching theme confidence when performing PIVC with NIVFT displayed 

in the Peripheral Intravenous Catheter Insertion Self-Confidence Using NIVFT model emerged 

from the study as a new model in teaching student, graduate, and registered nurses optimal 

anatomical vein selection. The model depicts the interrelationship between education and clinical 

learning unique to theory and skills training required for critical nurse thinking and skillful 

patient care. As identified in Chapter 2, nursing education is dedicated to creating a more highly 
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qualified nursing workforce since education enhances both clinical competency and patient care 

delivery” (American Association of Colleges of Nursing [AACN], 2016, para. 1). The model 

reflects how the intertwining of PIVC education with NIVFT equipment has a significant role in 

successful first time insertion attempt, thus increasing confidence when performing PIVC with 

NIVFT. As nursing education advances and experience leads to confidence, the use of NIVFT 

for PIVC by novice and advanced beginner nurses has a positive relationship identified by the 

improved successful cannulation skill performance (Figure 4.10).  

 

Figure 11: Model of PIVC Self-Confidence Using NIVFT. Benner (1984) Novice to Expert 

Theory 

The results have shown a comprehensive educational expansion of clinical nursing with 

respect to PIVC used to organize nurses’ critical thinking and self-perception of confidence as a 
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rewarding possibility for the complexity of hands-on skills. There are basic steps to developing a 

teaching model that will have implications on nurse education, tool selection for teaching, 

validation of PIVC, and evaluation of learning methods. The selection to utilize NIVFT and 

validation of increased confidence with its use gave rise to the new model with confidence at the 

center surrounded by education, skill, technique, and technology. A focus on the pedagogical 

underpinnings of simulation technology using NIVFT in collaboration with nursing education 

offers a way to offer flexibility in learning that will improve the profession (Breen & Jones, 

2015). The confidence theme expanded into a recommended model that nursing education could 

use for improving self-confidence as nurses move from novice to expert. This is an attainable 

goal using NIVFT as a prerequisite technology for IV insertion. Furthering research using the 

Peripheral Intravenous Catheter Insertion Self-Confidence Using NIVFT model can be utilized 

and develop into a tool for use in future research studies (Figure 11). 

Transforming nursing care practices for PIVC utilizing NIVFT is a systematic and 

methodical approach to maximize and optimize IV cannulations skills that will benefit nursing 

schools, hospital administrators, nurses, and students with the betterment of patient care. Nurses 

were provided an opportunity that allowed for valuable feedback regarding technology use that 

will enhance PIVC performance while increasing confidence using NIVFT for vein cannulation 

selection.  

The results of this study indicated that novice and advanced beginner nurses perceive 

NIVFT as an effective tool for successful PIVC. Education using NIVFT to promote better skill 

performance has implications for both hospital nurse educators and academic faculty to redesign 

and develop the use of NIVFT for anatomical selection teaching-learning strategies in nursing 

education. It also has implications for hospital and educational leaders to provide quality tools 
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for learning PIVC and to equip clinical simulation laboratories with NIVFT as a resource used 

for teaching purposes.  

Novice and advanced beginner nurses that are new hires should be inspired to use NIVFT 

as a resource to gain experience in performing successful first time PIVC. Student and graduate 

nurses will benefit from training with NIVFT for optimal anatomical vein selection during 

clinical practice. The findings from this study have valuable implications for nursing education 

and practice, and the following recommendations are to improve professional nursing training 

and educational programs. 

Future Study Recommendations 

If this study is replicated it is suggested that a true experimental comparison of two 

groups be implemented with one using NIVFT and the other not. True experimental research is 

difficult to conduct in nursing in real patient settings with equipment that is available for them to 

perform their jobs and in the case of this study unable to be limited to one group. Extraneous 

variables such as nurse experience with PIVC, previous learning of cannulation skills, and 

previous experience in the clinical areas allowing for IV cannulation prior to becoming a nurse 

may skew the outcomes. Subsequently, due to the challenges of controlling for all extraneous 

variables more carefully controlled quasi-experimental studies in nursing education with respect 

to the use of NIVFT and faulty or missing NIVFT equipment prior to start of any future study. 

Future research should take all of this into consideration. 

Benner (1984) theory ‘Novice to Expert’ outlined five levels of clinical competency as 

follows: novice, advanced beginner, competent, proficient, and expert. Understanding the five 

levels of clinical competence helps nurses support one another and appreciate that expertise in 

the nursing profession is a process learned over time (Benner, 1984). As a recommendation for 
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future research, incorporating all five clinical competency levels to compare the use of NIVFT 

with PIVC may be interesting. In addition, the emerged themes in this study could be tested and 

researched on how much confidence is enough to perform required clinical skills or how much 

education is necessary to improve skill performances with respect to NIVFT PIVC competence. 

An additional recommendation is for the School of Nursing and Health Sciences and the 

School of Engineering, Mathematics & Science at Robert Morris University to complete the 

collaboration started on developing NIVFT haptic devices as capstone student projects. Of 

significance, the researcher suggests that by building game-based learning modules multiple 

learners will be able to interact realistically with PIVC processes that require nursing procedural 

technique. Learners move and interact in the same mode as the reality using the various parts of 

their own bodies along with NIVFT, which enables them to grasp the abstract knowledge and 

skills (Yang et al., 2014). 

Another recommendation is to conduct a clinical trial with a larger sample size of nurses 

aimed at evaluating the as a primary intervention for PIVC. As a clinical trial, the researchers 

may determine the effectiveness of using the equipment as a prerequisite method for PIVC rather 

than the standard proprioceptive methods such as sight or feel only. 

A recommendation for additional studies to research implementation of NIVFT in higher 

education institutions curriculum to include design, objectives, and the purpose of the use for 

teaching anatomical vein choice from a student and faculty perspective. NIVFT equipment 

instruction prior to graduating from nursing school will benefit hospitals and other nursing 

facilities not only with new nurse confidence in choosing the appropriate vein for cannulation but 

also with patient safety and hospital satisfaction scores. Additionally, cost-benefit and cost-
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effectiveness analyses research to determine the actual cost of NIVFT implementation in nursing 

education as it relates to learning outcomes or benefits for nursing education is recommended. 

Chapter 5 Summary 

Nursing education curriculum does not readily make use of near infrared vein finder 

technology (NIVFT) in hospital-based nurse training and NIVFT is lacking in several pre-

licensure nursing school programs. The use of NIVFT is more beneficial when inserting 

peripheral intravenous catheters as a prerequisite method for IV cannulation. It is important to 

employ additional technology in nursing education to keep pace with modern technological 

advancements and stringent accreditation and licensing requirements.  

According to the Vascular Access Team manager employed by the study hospital, “the 

average cost of IV cannulation per individual stick is roughly $1.25 per catheter. Add another 

$1.10 for dressing, tourniquet, and alcohol swab for total costs” (S. Vietmeier, personal 

communication, August 10, 2017).  Using the algorithm of costs for PIVC presented by Christie 

Medical Holding, the hospital incurs a substantial amount when including additional costs for the 

supplies required for PIVC with the IV cannulation costs. Cost-benefit and cost-effectiveness 

analyses can add extensiveness to both nursing schools and hospital training so that the 

importance of decreasing multiple IV insertion resonates with nursing staff and nurse educators 

when teaching PIVC.   

The importance of continuous advancements such as NIVFT in safety education 

and nursing confidence with PIVC has challenged nursing faculty and hospital education 

professionals to think of innovative learning alternatives that identify best practices and 

evidence-based patient satisfaction outcomes. There is a need for new ideas to teach 

PIVC and NIVFT as healthcare providers and faculty address a growing population of 
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new nurses needing experience in IV cannulation. Novice and advanced beginner nurses will 

continue to require educational in-service training throughout their professional nursing career, 

and will continue to have needs associated with skill performance such as PIVC. Although there 

are studies with mixed results on the effectiveness of using vein finders, there is a suggested 

need for further research on technology that will assist in successful peripheral intravenous 

catheter insertion and reinforce the confidence required by nurses for successful IV cannulation 

(Wilfong, Falsetti, McKinnon, & Daniel, 2011).  

The value of a healthcare facility begins with patient safety, credibility, accuracy, and 

ability to meet national and state health standards. The continued investment in technology to 

improve nursing accountability maximizing the benefits of using NIVFT for PIVC support prior 

studies on advancements in technology assist in meeting these standards ( Kalisch, Aebersold, 

McLaughlin, Tschannen, & Lane, 2015; The Joint Commission, 2013; Valiee et al., 2014).  

Finally, the nurse perspective of the NIVFT study experience was significantly positive 

in comparison to the perspectives identified during the pre-study discussions and answers to the 

questionnaire.  The significance was identifiable based on the results from the confidence survey 

outcomes. All results from the research are clear on the benefits of the incorporation of NIVFT 

as a prerequisite method for PIVC by newly licensed nurses throughout the study. Hospital 

educators and administrators should explore effective ways to integrate the use of the NIVFT as 

an educational tool during nursing orientation. The researcher recommends that nursing schools 

implement the use of NIVFT as a training tool for students to better identify anatomical vein 

choices for PIVC. 
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The instrument is contained within one of the article tables but I am also attaching it here:  

 

Best of luck on a smooth and productive dissertation process! 

 

Catherine Schuster PhD, RN 

Clinical Nurse Consultant- San Diego Region 

Nurse Researcher 

B.Braun Medical Inc. 

catherine.schuster@bbraun.com 

cell: 760-330-7708 
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Appendix B 

Semi-Structure Interview Guide Protocol 

1. What are the advantages in using NIVFT? 

2. What are the disadvantages in using NIFVT? 

3. Do you feel you were prepared to start an IV? 

4. Did education on the NIVFT make you feel more prepared to start an IV? 

5. Have you used NIFVT in nursing school prior to graduation? 

6. What has been your experience with peripheral intravenous catheter insertion? 

7. Have you noticed an increase or decrease in your confidence level with respect to IV 

insertion using NIVFT? 

8. Has the use of NIVFT lead to more successful IV cannulations? 

9. What else would you like to share? 
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Appendix D 

Daily IV Insertion Diary:  Code #_________________   
 

Study Using NIVFT for 

Peripheral IV Insertion 
(WEEK 1) 

# IV Insertions #Successful on 

1st Attempt 

#Unsuccessful on 

1st Attempt 

Comments [Use 5 categories for PVA Difficulty 

Code Letters and Quantification numbers 1, 2 or 3] 

 DAY 1     

 DAY 2     

 DAY 3     

 DAY 4     

 DAY 5     

 DAY 6     

  DAY 7     

Study Using NIVFT for 

Peripheral IV Insertion 
(WEEK 2) 

# IV Insertions #Successful on 

1st Attempt 

#Unsuccessful on 

1st Attempt 

Comments [Use 5 categories for PVA Difficulty 

Code Letters and Quantification numbers 1, 2 or 3] 

 DAY 1     

 DAY 2     

 DAY 3     

 DAY 4     

 DAY 5     

 DAY 6     

 DAY 7     

Study Using NIVFT for 

Peripheral IV Insertion 
(WEEK 3) 

# IV Insertions #Successful on 

1st Attempt 

#Unsuccessful on 

1st Attempt 

Comments [Use 5 categories for PVA Difficulty 

Code Letters and Quantification numbers 1, 2 or 3] 

 DAY 1     

 DAY 2     

 DAY 3     

 DAY 4     

 DAY 5     

 DAY 6     

 DAY 7     

Note: Comment example: Unsuccessful on 2nd attempt (N-E-#2). Use PVA difficulty letters, Quantification # 1, 2, 3 

Legend: 

Vein Access Categories 
1. V-  Accessible veins are easy to see 

2. T-  Accessible veins are easy to feel 

3. N-  Accessible veins with NIVFT 

4. U-  Ultrasound for line placement 

5. 0-   No Accessible veins found with NIVFT 

Categories for 1st Attempt  Insertion 

1.    S-Successful IV Insertion 

3.    UNS- Unsuccessful IV Insertion 

Quantification # of Optimal Vein Choices 
1. Q1 -Greater than 10 Vein  Choices 

2. Q2 -5-10 Vein Choices 

3. Q3 -1-5 Vein Choices 

   

 


