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ABSTRACT 
 

Background: Nursing students struggle with intravenous (IV) pump skills in 2
nd

 and 

3
rd

 year of a BNSc program. In response, an online virtual IV pump educational module 

was developed and trialled in three phases. Phase 1 results, previously published, 

indicated 3
rd

 year nursing students who practiced with the virtual IV pump scored 

significantly higher at programming continuous medication infusions (p<.05); they were 

also more confident and had higher total performance scores, although these differences 

were not statistically significant. 

Overall, participants were satisfied with the module and found it easy and convenient 

to use. These encouraging results were used to revise the module. Phase 2 of the study 

examined whether enhancement of IV pump skills using the virtual IV pump also 

transferred to the clinical practice setting.  

Phase 2 Methods and Results: Thirty-one 3
rd

 year BNSc students in their medical-

surgical clinical rotation were recruited. Students in the control group (n=16) reviewed 

IV pump skills in the lab only. Students in the experimental group (n=15) reviewed IV 

pump skills using the e-learning module as well as in the lab. Participants completed 

surveys evaluating their self-confidence programming the IV pump and their satisfaction 

with the e-learning module. A performance checklist was used to evaluate the skills of 

programming a basic infusion, a secondary medication infusion (e.g. antibiotic) and a 

continuous titratable medication infusion (e.g. heparin). Clinical instructors also 
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evaluated performance of these skills in the clinical setting using a feedback form. 

Results indicated experimental group participants programmed significantly more basic 

infusions independently in the clinical area, and programmed more secondary medication 

boluses independently in the clinical area; however, this difference was not statistically 

significant. Results of the phase 2 evaluations were used to revise the module further. 

Phase 3 evaluated 2nd year students learning IV pump skills for the first time. 

Phase 3 Methods and Results: 2
nd

 year BNSc students in their medical-surgical 

clinical rotation (N=102) were randomized. Participants in the control group (n=42) 

learned IV pump skills in the lab only. Participants in the experimental group (n=16) also 

practiced with the virtual IV pump. Participants completed the same surveys as in phase 2 

and their performance of IV pump skills was evaluated in the lab only. Students who used 

the virtual IV pump e-learning module were more confident, had higher total 

performance scores, and significantly lower overall performance times. They were 

satisfied with the e-learning module, found it easy and convenient to use, and reported it 

enhanced their knowledge, skill and confidence. This is an improvement from the 

previous phases of the study. 

Conclusions: A virtual IV pump e-learning module can improve undergraduate 

nursing student confidence, skill and independence performing IV pump skills and 

enhance transfer of skills to clinical practice.  
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INTRODUCTION 
 

The aim of the four year BNSc program at Queen’s University is to provide nursing 

students with the knowledge and skills required for clinical practice. Students complete 

assigned reading and coursework prior to sessions in the Faculty of Health Sciences Patient 

Simulation Lab where they practice relevant nursing skills with the supplies and equipment 

they will encounter in their clinical placements. Correctly programming infusion devices is a 

technical skill which challenges many nursing students and has implications for patient 

safety. In our program students develop the ability to monitor and program intravenous (IV) 

pumps and other electronic infusion devices in the Simulation Lab before doing so in the 

clinical setting. The skill is initially taught in a second year clinical skills course and is 

reviewed again in a third year clinical course as students continue to struggle with infusion 

device programming. In order to provide an additional learning resource for students, an e-

learning IV pump modelled after the infusion devices used in the primary clinical setting was 

developed and trialled (Luctkar-Flude, Pulling, and Larocque, 2012). The efficacy of the 

online learning module was first tested in the 2008-2009 academic year with students enrolled 

in a third year clinical skills course. Although most results were not statistically significant 

they indicated that practice with the virtual IV pump could potentially enhance student 

performance.  

In order to improve learning outcomes and make the online module more user friendly, a 

revised version was trialled in the 2009-2010 academic year. Although there were few 

significant results, which researchers attributed to the small sample size, data indicated that 

students found the new e-learning module more helpful than the previous version. Data also 

indicated that the skills students developed using the e-learning modules were transferrable to 

their clinical practice. To address participant concerns about ease of use a final revised 
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version of the virtual IV pump was then developed and trialled with second year students 

enrolled in a second year clinical skills course. In this final testing phase researchers 

evaluated the virtual IV pump’s efficacy as a teaching tool for students learning the relevant 

skills for the first time by assessing student performance and learner self-confidence. The 

overarching goal in the development of this e-learning module was to improve patient safety 

outcomes in the clinical setting; however, the measurement of patient outcomes was beyond 

the scope of this study. 

This chapter begins with a narrative review of the literature related to IV pump safety and 

medication errors, and the evidence supporting the use of e-learning to teach clinical skills 

such as IV pump programming. The remainder of the chapter will describe the virtual IV 

pump e-learning module designed to address the current gaps in student confidence and 

performance of critical IV pump skills and will describe the three phases of the trial designed 

to evaluate the implementation of this innovative educational strategy.  

 

 

BACKGROUND 
 

Educating nursing students on the safe and competent use of IV pumps is an important 

factor in improving patient safety. The use of IV pumps causes significant stress to nurses and 

when improperly implemented has the potential to harm patients (Flynn et al., 2003; Husch et 

al., 2005; McConnell, Cattonar, and Manning, 1996). IV medications, which are often 

powerful and fast acting, are delivered directly into a patient’s bloodstream and thus have a 

greater potential for harm when compared to medications administered by another route 

(Adachi and Lodolce, 2005; Hicks et al., 2003; Rosenthal, 2004; Williams et al., 2006). As 

many as 35% of serious medication errors involve IV pumps (Tourville, 2003), and when 

used improperly infusion devices may cause serious harm to patients (Flynn, Mohr, 

andLawlor-Klean, 2003; Husch et al., 2005; McConnell et al., 1996). In one study the 

percentage of harmful medication errors resulting from IV pumps was higher than the 

combined number of non-IV pump related medication errors, and of the errors resulting from 

the improper use of IV pumps 61% were serious or life-threatening (Prusch, Suess, Paoletti, 

Olin, and Watts, 2011). Inadequate device education and user mistakes contribute to IV pump 

errors resulting in patient harm (McConnell et al., 1996); the ability to effectively use IV 

pumps and a thorough knowledge of the device is thus an essential skill for undergraduate 

nursing students (Cronenwett et al., 2007).  

Smart IV pumps, a type of IV infusion device, are equipped with dose checking 

technology which may help prevent errors (Institute for Safe Medication Practices, 2007; 

Murdoch and Cameron, 2008) but like all other technology it is only effective if used 

correctly (Akridge, 2011; Bracker and White, 2007). Smart pumps have built in computers 

with electronic libraries containing information on the infusion rates and concentrations of 

commonly administered fluids and medications (Harding, 2012). The safety measures 

incorporated into smart pumps are designed to decrease medication errors, which are the 

leading cause of adverse events leading to patient injury in hospitals (KirkbrideandVermace, 

2011). User mistakes, insufficient training, improper technology utilisation and incorrect 

device programming were the most frequently cited reasons for patient harm and intravenous 

medication errors arising from IV pump usage (Hicks et al., 2003; Kaushal et al., 2001; 
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McConnell et al., 1996; Taxis and Barber, 2003). Safety measures such as drug libraries and 

channel labelling which are integrated into smart IV pumps are sometimes ignored by nurses 

in the clinical setting who may even dismiss and override programmed alerts (Wetterneck et 

al., 2006). Common errors include administering the wrong medication, changing the rate of 

the wrong drug or setting the wrong rate, and mistaking multiple infusion devices for each 

other (Elias and Moss, 2011). In order to prevent adverse events associated with infusion 

devices the Institute of Medicine recommended that health professional education should 

include increased training in medication related adverse events and that clinical technology 

such as smart IV pumps should be used to decrease the likelihood of user error (Bates, 2007; 

Institute of Medicine, 2006). The ability to correctly program a smart IV pump is a vital skill 

needed to ensure patient safety and as such should be emphasized in undergraduate nursing 

education. 

In order to teach students skills such as the correct use of IV pumps, techniques such as 

simulation and virtual or online learning may be used in addition to more traditional 

instruction techniques such as lectures and direct clinical experience. Due to a growing 

scarcity in resources and clinical placements some nursing schools are starting to use 

simulation as a method of student instruction (Bandali, Craig, Ziv, 2012). There is currently a 

trend towards including simulations in nursing education due to faculty shortages and a 

decrease in hands on nursing experience (Bensfield, Olech, and Horsley, 2012). Simulations 

are for the purposes of this study defined as learning modules which replicate a real world 

situation. Virtual simulation is a type of e-learning consisting of interactive computerized 

graphic representations of real-world experiences. While a study conducted by Finan et al. in 

2012 showed that information learned through simulation is not transferred to real-world 

settings, this was contradicted by a study published by Tschannen, Aebersold, McLaughlin, 

and Fairchild (2012) who concluded that students exposed to virtual simulation were able to 

transfer their knowledge to practice and performed significantly better than the control group. 

Furthermore, a systematic review published in 2012 stated that simulation provides a learning 

opportunity where students can develop their confidence, skills, safety, and increase their 

knowledge base (Norman, 2012).Our study focuses on a virtual IV pump which was designed 

to provide students with increased practice time outside of the clinical setting. 

While proficiency with IV pumps is an essential component of safe medication 

administration, undergraduate nursing students may have limited opportunities to practice the 

relevant skills in clinical or laboratory settings. Clinical skills labs are often conducted prior 

to clinical placements in order to allow students the opportunity to translate theory into 

practice but certain students may require additional practice time (Morgan et al., 2006). In 

order to address the need for increased practice time, an e-learning IV pump was developed. 

The online learning module presents a visual representation of the IV pump used in the 

clinical setting and like the real device responds to programming commands by emitting 

sounds and displaying command cues. Students are able to press buttons on the pump with 

their cursors and complete scenarios designed to convey specific skills. They are able to 

access this simulation module from any computer regardless of the time of day; they are thus 

provided with ample opportunity to practice relevant clinical skills and prepare for or review 

labs and clinical sessions. A review in 2012 reported that the majority of studies concluded 

computer based learning improved skill performance (Carillode Gea, Aleman, and Garcia, 

2012), making the e-learning tool developed by this study a potentially valuable teaching tool. 

Deliberate practice, which consists of experiences purposively sought after by an individual 
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which improve skill maintenance and acquisition, may be facilitated by the use of simulations 

such as online learning modules (McGaghie, 2008). Technologies such as simulation devices 

may be used to address knowledge gaps, improve performance, and master skills (Clapper 

and Kardong-Edgren, 2011). Use of the learning module is considered to be purposeful 

learning which contributes to deliberate practice. The ultimate result of deliberate practice is 

that students not only master a specific task but also gain a deeper understanding of a 

particular skill which allows them to anticipate additional steps and predict future problems 

(Clapper and Kardong-Edgren, 2011). 

Adequate practice time is a significant factor involved in correctly transferring skills to 

practice (Meyer, Lees, Humphris, and Connell, 2007). Learning modules improve critical 

thinking skills (Reinhardt, Mullins, Blieck, and Schultz, 2011) and allow students to develop 

clinical decision making through role-playing and reacting to critical decisions (Guhde, 

2011). Simulations allow faculty to inform students of errors that could potentially cause 

harm in a setting where there are no negative consequences to real patients (Jenkins, Blake, 

Brandy-Webb and Ashe, 2011). Virtual learning modules can also be used to evaluate 

student’s clinical competence and to fulfill course objectives (Suplee, Dunphy,and Solecki, 

2011). Repetitive practice on these learning modules enhances the retention of technical skills 

while increasing student accuracy (Aggarwal et al., 2006; Alinier et al., 2004; Andreatta et al., 

2006; Maran and Glavin, 2003). Simulation also boosts self confidence by allowing students 

to acquire clinical skills in a risk-free environment (Issenberg et al., 2005). 

Nursing students and nurses have reported satisfaction with online learning modules in 

several research studies (Gerkin et al., 2009; Parker and Myrick, 2009; Paterson et al., 2006; 

Ryan et al., 1999; Soon et al., 2000; Thurmond, 2003). Modules based on computer 

instruction have been demonstrated to be effective education tools for psychomotor skills in 

medical and nursing education (Gerard et al., 2006; Jeffries, 2000; Jeffries et al., 2003). 

Online modules have been successfully used to teach nurses how to use patient-controlled 

analgesia pumps and were effectively used to train anesthesiologists on the use of smart IV 

infusion pumps ( Paterson et al., 2006; Schreiber, 2007). Virtual reality simulation training 

has been shown to result in an effective transfer of skills to live patients (Park et al., 2007); it 

is also an effective supplement to standard surgical training (Gurusamy, Aggarwal, 

Palanivelu, and Davidson, 2009). Compared to novice nurses who attended a traditional class, 

those who participated in computer simulation education on Port-A-Cath techniques had a 

significant reduction in the rate of error and reported reduced fear of performing the skill 

(Tsai et al., 2008). Practice with a virtual IV pump is anticipated to improve nursing students’ 

ability to safely, knowledgeably, and confidently program IV pumps. 

This study is among the first to evaluate the efficacy of virtual IV pump simulations as a 

learning module. It was anticipated that using the e-learning simulation would improve 

student learning outcomes. These were measured by student satisfaction, confidence, and 

performance. 

 

 

Study Objectives 
 

Phase 1 (2008-2009): The aim of this pilot study was to develop an online virtual IV 

pump e-learning module for undergraduate nursing students and to evaluate the module in 

terms of 3
rd

 year nursing student confidence, performance and satisfaction. 
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Phase 2 (2009-2010): The aim of this follow-up study was to revise the virtual IV pump 

e-learning module based on the results of the phase 1 evaluation and to re-evaluate 3rd year 

nursing student confidence and performance of IV pump skills and satisfaction with the e-

learning module, as well as to evaluate the transfer of the IV pump skills to clinical practice.  

Phase 3 (2010-2011): The aim of this 3
rd

 trial was to revise the virtual IV pump e-

learning module further, based on results of the phase 2 evaluation, and to evaluate 

confidence and performance of IV pump skills and satisfaction with the e-learning module in 

a new user group, 2
nd

 year nursing students learning IV pump skills for the first time.  

 

 

METHODS 
 

As part of the second and third year clinical education courses students are required to 

review smart IV pump usage and in particular concentrate on programming secondary 

medication bolus infusions such as antibiotics and continuous medication infusions such as 

insulin drips. Students are expected to work through short scenarios in the simulation lab 

using physician order forms. 

 

Table 1. A Comparison of Phase 1, Phase 2 and Phase 3 Methods 

 

 
Phase 1 Phase 2 Phase 3 

 

Participants 

 

Third year students  

Control group (n=26) 

Experimental group 

(n=17) 

 

Third year students 

Control group (n=24) 

Experimental group (n=29) 

 

 

Second year students 

Control group (n=42) 

Experimental group 

(n=16) 

Intervention Virtual IV Pump E-

Learning Module Version 

1  

Virtual IV Pump E-Learning 

Module Version 2 

Virtual IV Pump E-

Learning Module Version 

3 

Outcomes 

Measured 

 Self-confidence 

 Satisfaction 

  Performance 

 Self-confidence 

 Satisfaction 

 Performance 

 Transfer of skills 

 to practice 

 Self-confidence 

 Satisfaction 

 Performance 

 
Phase 1 Phase 2 Phase 3 

Instruments  IV Pump Skills 

Self-Confidence Survey 

 Virtual IV Pump 

Educational Module 

Satisfaction Survey 

 IV Pump Skills 

Performance Checklist 

 IV Pump Skills Self-

Confidence Survey 

 Virtual IV Pump 

Educational Module 

Satisfaction Survey 

 IV Pump Skills 

Performance Checklist 

 Clinical Instructor 

Feedback Form 

 Objective Structured 

Clinical Examination (OSCE) 

 IV Pump Skills Self-

Confidence Survey 

 Virtual IV Pump 

Educational Module 

Satisfaction Survey 

 IV Pump Skills 

Performance Checklist 
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A virtual IV pump e-learning module modelled after the infusion devices used by a major 

clinical placement agency was developed with input from nursing instructors. The e-learning 

module permitted students to practice IV infusions prior to lab by allowing them to work 

through case scenarios and press the buttons found on the real IV pumps. 

The original version of the e-learning module was the first attempt to use Ver X software 

to mimic the basic operations of an IV pump. In Phase 2participants were provided with a 

series of random questions that they could answer by interacting with the virtual IV pump. 

The final version of the e-learning module used in Phase 3 was created with Ver X+1 

software, included revamped drug and infusion tables, and provided students with example 

questions. Table 1 provides an overview of the three study phases, which are described 

individually in greater detail below. 

 

 

Ethics 
 

Ethical approval for the three stages of this study was granted by the Queen’s Health 

Science Research Ethics Board. Informed consent was obtained from all study participants. 

 

 

Outcome Measures 
 

In all three phases of the study, the same measurements tools were used to determine the 

self-reported outcomes of self-confidence performing IV pump skills and satisfaction with the 

IV pump e-learning module. Actual performance of the IV pump skills was evaluated with 

performance checklists in the nursing laboratory during all three phases and with a clinical 

instructor feedback form in the clinical area during phase 2 only. All of the outcome 

measurement tools were developed by the researchers and are described individually in 

greater detail below.  

Self-confidence survey: All participants completed the IV Pump Skills Self-Confidence 

Survey, developed by the researchers based on their considerable teaching experience and the 

course objectives.  

This 10-item, 5-point Likert scale (1 = strongly disagree to 5 = strongly agree) was used 

to measure student confidence when performing expected IV pump skills in the laboratory 

and clinical settings. Internal consistency for the scale was good (Cronbach’s alpha = .828). 

Validity was established through peer review by the laboratory and clinical instructors 

teaching in the course. Although there are reliable and validated tools available that measure 

self-confidence in learning related to simulation there were no tools found that specifically 

measured self-confidence with performing IV pump skills, and thus the study tool was 

developed. 

Satisfaction survey: Participants in the experimental group also completed the Virtual 

IV Pump Educational Module Satisfaction Survey, an 11-item Likert scale (1 = strongly 

disagree to 5 = strongly agree). This survey was developed by the investigative team, and also 

included a section which had students self report the amount of time they spent reviewing the 

IV pump e-learning module prior to their laboratory session. Internal consistency for the scale 

was good (Cronbach’s alpha =.870). Similar to the self-confidence survey, validity was 
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established through peer review by the laboratory and clinical instructors teaching in the 

course. 

Performance Checklist: In addition to the self-report tools, students were evaluated 

using the IV Pump Skills Performance Checklist developed by the investigative team. The 

checklist, which was based on teaching experience and course objectives, evaluates 35 

behaviours critical to competent practice with IV pumps. The IV Pump Skills Performance 

Checklist is organized into three sections which use preprinted orders to evaluate participants’ 

ability to program the following: (1) a basic IV infusion of normal saline at 75cc/hour; (2) a 

secondary medication bolus infusion of 1g of Ampicillin; and (3) a continuous titratable 

medication infusion of Heparin.  

This checklist is currently used in Objective Structured Clinical Exams (OSCEs) which 

are a mandatory evaluation component of clinical laboratory courses in Queen’s School of 

Nursing. For the study, nursing research assistants were trained by the researchers to rate the 

participants.  

For the purpose of the study only, raters were asked to time student performance of each 

of three skills using a stopwatch. Ample space is allotted on the checklist so that evaluators 

may indicate the time taken for students to complete each skill and to write comments. 

Interrater reliability testing of the checklist was not performed as checklist items were scored 

as either “done” or “not done” and students received 1 point for each item they completed 

correctly. 

Criterion-based checklists such as the one used in this study have high interrater 

reliability and are a valid, objective, consistent evaluation (Beard, 2005; Beard et al., 2005; 

Wales and Skillen, 1997; Wilbur, 1989). Performance checklists, which are most valuable 

when performance criteria are clearly identified and when specific competencies can be 

subdivided into their relevant actions and behaviours, are often used to instruct students and 

evaluate their skills (Accreditation Council for Graduate Medical Education and American 

Board of Medical Specialties, 2000; Morgan and Irby, 1978; Wilbur, 1989). This type of 

checklist also identifies consistent errors committed by students and can thus be used as a tool 

for improving future educational activities (Wales and Skillen, 1997). 

Clinical Instructor Feedback Form: In order to evaluate the transfer of IV pump skills 

learned using the virtual IV pump e-learning module to the clinical setting, the Clinical 

Instructor Feedback Form was developed. During actual clinical rotations, the clinical 

instructors observed each student each time they were required to initiate a basic infusion, a 

secondary medication bolus or a continuous medication infusion. The instructors rated the 

students as requiring total assistance from the instructor (0 points), partial assistance (1 point), 

or no assistance/performed independently (2 points). The clinical instructors were blinded to 

the students’ participation in the control group versus the experimental group. It was not 

feasible to perform interrater reliability testing in the clinical setting; however, it was felt that 

the 3 categories were explicit.  

Data Analysis: In all three phrases of testing the collected data were entered into the 

SPSS 17.0 database or a later version of the program and was confirmed by a second research 

assistant. In order to illustrate outcomes associated with usage of the learning module, 

standard univariate measures such as standard deviations and means were conducted. To 

compare groups the Mann-Whitney U test was used for ordinal data and the independent t-test 

was used for scale data. In addition, Pearson correlations were also conducted to analyze 

possible relationships between outcome variables. 
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Phase 1 Methods 
 

The methods and results of phase 1 of the study have previously been reported in Clinical 

Simulation in Nursing (Luctkar-Flude, Pulling and Larocque, 2012). To summarize, 71 

students enrolled in a third year clinical skills course were approached as potential study 

participants with the goal of achieving a convenience sample of 30 students for the initial 

phase of the study, which was considered a pilot project. Research suggests a sample size of 

20 to 25 is adequate if the aim of the pilot study is to demonstrate intervention efficacy in a 

single group and a sample size of 30 is reasonable for a pilot study where the purpose is 

preliminary survey or scale development (Hertzog, 2008; Johansonand Brooks, 2010). A total 

of 43 students, who accounted for 59.7% of the target population, agreed to participate in the 

study. Fall term participants were assigned to the control group (n=17) and winter term 

participants were assigned to the experimental group (n=26). 

Control group participants worked through the usual case studies in their lab sessions, 

completed the normally assigned readings, and demonstrated their ability to program 

infusions on a smart IV pump. Participants also completed a survey detailing their feelings of 

confidence when programming IV pumps and their experience in the clinical setting. Each 

individual’s performance was observed and rated on a checklist by a research assistant during 

a laboratory session. 

In addition to the “usual educational experiences” provided to the control group, the 

experimental group participants were given unlimited access to the virtual IV pump e-

learning module. They were evaluated and completed the same survey as the control group 

and also completed an additional survey pertaining to their satisfaction with the virtual IV 

pump. 

 

 

Phase 2 Methods 
 

All nursing students taking the third year clinical education course in the winter term 

were approached as potential participants. Students undergoing the first six week clinical 

rotation in the winter term were recruited into the control group, whereas participants in the 

second six week rotation of the winter term were recruited into the experimental group. 

Participants in the control and experimental group completed a survey detailing their 

experiences with IV pumps in the clinical setting and their preparation for their IV pump 

skills lab. For both groups, student competence in IV pump skills was evaluated by an 

Objective Structured Clinical Exam (OSCE) which is a compulsory course component that is 

a standard feature of the course. Students were required to program a secondary medication 

bolus and a continuous medication infusion for the purposes of the OSCE and these results 

were included in the study. Students were not required to program a basic infusion. Clinical 

instructors also evaluated students on their IV pump skills and communicated results to the 

investigative team in the 5
th
 and 6

th
 weeks of the clinical rotation. 

In addition to completing the required IV pump skills lab, students in the experimental 

group also completed the e-learning module prior to attending the lab. While they completed 

the same self confidence survey as the control group, the experimental group also completed 

a survey which focused on the usefulness and ease of use of the virtual IV pump learning 
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module. The same survey allowed students to rate their satisfaction with the learning module. 

This feedback was used to modify the educational module so as to better suit students’ needs. 

 

 

Phase 3 Methods 
 

One hundred and two second year nursing students rotated through a winter semester 

clinical skills course with a simulation lab component during the third and final phase of this 

study. In this course students learned how to use smart IV pumps for the first time. This 

included programming continuous and secondary IV infusions. Students worked through case 

studies in order to practice applying these skills to real world settings. All of the students in 

the clinical course were approached as potential study participants, and were randomly 

assigned to the experimental or control group. 

In previous phases of this study students in the experimental group did not always 

complete the e-learning module.To compensate for participant non-compliance the class was 

randomly assigned to experimental or control groups with 60 potential participants in the 

experimental group and 42 in the control group. Of these, 58 students chose to participate. 42 

of these students did not complete the IV pump learning module and were thus considered to 

be the control group, whereas 16 students completed the learning module and were 

considered to be the experimental group. 

Students in the control group completed a survey detailing their experience with IV 

pumps in the clinical setting and any preparations made prior to their skills lab. Their 

competency with smart IV pumps was evaluated in a consolidation lab during the sixth week 

of the winter term. 

Two weeks prior to their IV skills lab, students in the experimental group were given a 

password to access the online learning module. While students were reminded that preparing 

for the lab was mandatory, they were informed that their participation in the study was 

voluntary and that they could choose not to be evaluated in the lab or refuse to fill out the 

surveys detailing their preparation prior to the skills lab.  

The experimental group completed the same survey as the control group, with additional 

questions pertaining to the ease of use and benefits of the learning module. The survey also 

allowed students to rate their satisfaction with the virtual IV pump. As with the control group, 

the experimental group’s competency with IV pumps was evaluated in the sixth week of the 

winter term. 

After the consolidation lab in week six, control group participants were given access to 

the online learning module. Those that chose to use it completed a survey about the learning 

module and were evaluated again in the twelfth week of the winter semester. 

 

 

Phase 1 Results 
 

Results for the first phase of the study have already been reported, and can be viewed in 

more detail in a previously published paper (Luctkar-Flude, Pulling, and Larocque, 2012). 

Nursing students who participated in this pilot study were generally confident with 

programming IV pumps; however there was a group of students who were not confident 
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performing the more advanced skills of programming a secondary or continuous medication 

infusion.  

Students who completed the online virtual IV pump e-learning module were satisfied 

with the module, and found it easy and convenient to use; however they did not feel it 

enhanced their knowledge, skill or confidence. Students who completed the learning module 

were significantly more likely to perform better at programming a continuous medication 

infusion. They were also more confident and had higher total performance scores, although 

these differences were not statistically significant. 

 

 

Phase 2 Results 
 

A total of 53 students participated, with 24 in the control group and 29 in the 

experimental group. Participants ranged from 20 to 31 years of age, with the mean age being 

22.12 years (SD=2.74); of these 7.7% were male and 90.4% were female. When completing 

the IV Pump Skills Self-Confidence Survey most students reported that they felt confident 

when performing all IV pump skills (see Table 2). Even so 42.3% of all students lacked 

confidence when programming a secondary medication infusion. In addition, 48.1% were not 

confident when programming a secondary medication bolus in the clinical setting, and 23.0% 

were not confident when programming a continuous medication infusion in their clinical 

placements. 

Individual item confidence scores for all study participants ranged from 1 (disagree) to 5 

(strongly agree) in regards to performing the IV pump skills that were evaluated in practice 

sessions. Individual item confidence scores for all study participants ranged from 1 (strongly 

disagree) to 5 (strongly agree) in regards to student performance of IV pump skills in the 

clinical area. Mean confidence scores of individual items for all study participants ranged 

from 3.48 to 4.44.  

This indicates that overall students were somewhat confident with each of the IV pump 

skills measured by the survey. Total self-confidence scores ranged from 26.0 to 49.0 

(SD=4.59) out of a total possible score of 50. 

The Mann-Whitney U test for ordinal data and 2 independent groups showed that there 

was no statistical difference between the control group and the experimental group confidence 

scores for individual survey items. The independent samples t-test for interval data and 2 

independent groups also determined that there was no statistical difference between the 

control group and the experimental group when comparing their total self-confidence scores 

(See Table 3). 

In terms of satisfaction with the e-learning module, the majority of students thought that 

the module enhanced their ability to program a basic infusion, a secondary medication 

infusion, and a continuous medication infusion. 71.4% felt that the module would be an 

excellent preparation activity prior to the IV pump skills lab and an excellent review activity 

after the IV pump skills lab was completed.  

However, only 39.3% of students thought that the virtual IV pump was convenient and 

only 32.1% thought that it was easy to use. These findings differ from the results obtained 

during the initial trial of the virtual IV pump in 2008-2009 (see Table 4).  

 

 



 

Table 2. Phase 2 Self-Confidence Survey Results  

 

 

Survey Item: 

I feel confident with… 

Control Group (N=42) Experimental Group 

(N=16) 

Total Group (N=53) 

Confident* Not 

Confident** 

Confident* Not 

Confident** 

Confident* Not 

Confident** 

1 Priming IV set 100% 0% 96.5% 3.5% 98.1% 1.9% 

2 Programming basic infusion 100% 0% 96.4% 3.6% 98.1% 1.9% 

3 Programming secondary medication 50% 50% 64.3% 35.7% 57.7% 42.3% 

4 Programming continuous medication  87.5% 12.5% 82.1% 17.9% 84.7% 15.3% 

5 Feel prepared for clinical after IV skills lab 91.7% 8.3% 82.1% 17.9% 86.6% 13.4% 

6 Priming IV set in clinical 87.5% 12.5% 85.7% 14.3% 86.5% 13.5% 

7 Programming basic infusion in clinical 95.8% 4.2% 89.3% 10.7% 92.3% 7.75 

8 Programming secondary med in clinical 50% 50% 53.6% 46.4% 51.9% 48.1% 

9 Programming continuous med in clinical 79.2% 20.8% 76.0% 25.0% 77.0% 23.0% 

10 Using other technical devices in clinical 66.7% 33.3% 64.3% 35.7% 65.3% 34.7% 

*Confident = 4 (agree) or 5 (strongly agree) **Not confident = 1 (strongly disagree), 2 (disagree), or 3 (neutral). 
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Table 3. Phase 2 Mean Total Self-Confidence Scores 

 

 Control Group 

Mean (SD) 

(n=24) 

Experimental Group 

Mean (SD) 

(n=29) 

Independent samples t-test 

for equality of means 

   t df Sig. 

(2-tailed) 

Total self-

confidence 

score* 

39.92 

(4.33) 

39.71 

(4.88) 

.158 49.93 .875 

*Total self-confidence scores possible range is 5-50. 

 

Table 4. A Comparison of Phase 1, Phase 2, and Phase 3 Satisfaction Survey Results 

 

 

 

Survey Items 

Satisfied* 

Phase 1 Trial 

(2008-2009) 

Third Year 

Students 

(n=17) 

Phase 2 Trial 

(2009-2010) 

Third Year 

Students 

(n=29) 

Phase 3 Trial 

(2010-2011) 

Second Year 

Students 

(n=16) 

 

1 

 

Module enhanced knowledge 

of programming IV pump 

 

52.9% 

 

60.7% 

 

53.3% 

2 Module enhanced skill in 

programming IV pump 
47.1% 64.3% 53.3% 

3 Module enhanced confidence 

in programming IV pump 
47.1% 60.7% 53.3% 

4 Virtual IV pump was 

convenient to use 
82.4% 39.3% 60.0% 

5 Virtual IV pump was easy to 

use 
82.4% 32.1% 73.3% 

6 Virtual IV pump was realistic 
64.7% 64.3% 86.7% 

7 Enhanced programming a 

basic infusion 
47.1% 60.7% 53.3% 

8 Enhanced programming a 

secondary medication 
29.4% 50.0% 60.0% 

9 Enhanced programming a 

continuous medication 
29.4% 50.0% 66.7% 

10 Excellent preparation activity 

prior to IV pump skills lab 
88.2% 71.4% 73.3% 

11 Excellent review activity after 

IV pump skills lab 
76.4% 71.4% 80.0% 

 

As shown by the Mann-Whitney U test for ordinal data and 2 independent groups (p 

<0.05), students using the “improved” version of the virtual IV pump in phase 2 of the trial 

reported that the e-learning module was significantly less convenient and less easy to use than 

students who used the original version of the pump in phase 1 of the trial. 

The majority of students in the experimental group spent 19 minutes or less reviewing the 

virtual IV pump educational module. The number of minutes spent reviewing the IV pump 
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module was significantly correlated with student independence with programming basic 

infusions in the clinical area (Spearman’s rho = .221, p = .043).  

Participants using the “improved” version of the virtual IV pump in Phase 2 of this study 

spent more time using the virtual pump than participants who used the original version in 

Phase 1 (see Table 5).  

As shown in Table 6, there were no significant differences between the control and 

experimental groups on the OSCE performance evaluation which took place at the end of the 

clinical rotation. Overall, experimental group participants had higher total IV pump clinical 

skills scores and performed more IV pump skills independently in the clinical area than 

control group participants. These differences, however, were not statistically significant. 

Based on feedback provided by their clinical instructors, the experimental group participants 

scored significantly higher than control group participants on programming basic infusions in 

the clinical area, as can be seen in Table 7, and they programmed more basic infusions 

independently in the clinical setting. While the difference was not statistically significant, 

experimental group participants also scored higher on programming secondary medication 

boluses and programmed more secondary medication boluses independently in the clinical 

area. There was no difference in scores between the two groups in regards to programming a 

continuous medication infusion in the clinical area, but there were few opportunities for 

students to practice this skill.  

 

Table 5. A Comparison of Time Spent Reviewing the E-Learning Module 

 
 Phase 1 2008-2009 Third 

Year Students (n=17) 

Phase 2 2009-2010 Third 

Year Students (n=28) 

Phase 3 2010-2011 

Second Year Students 

(n=16) 

Time Spent Frequency Percentage Frequency Percentage Frequency Percentage 

<10 minutes 
9 52.9% 3 10.7% 5 31.3% 

10-19 minutes 
6 35.3% 14 50.0% 6 37.5% 

20-30 minutes 
1 5.9% 6 21.4% 4 25.0% 

> 30 minutes 
1 5.9% 5 17.9% 1 6.3% 

 

Table 6. Phase 2 IV Pump Performance Checklist Results from the Laboratory OSCE 

 
Score ControlGroup 

Mean 

(SD)(n=25) 

Experimental 

Group 

Mean 

(SD)(n=28) 

Independent samples t-test for 

equality of means 

t df Sig. (2-tailed) 

Secondary Medication 

Bolus 
83.33 

(26.74) 

82.14 

(20.10) 

.097 12.76 .924 

Continuous Medication 

Infusion 
94.12 

(15.79) 

93.65 

(17.26) 

.089 35.42 .930 

IV Pump Skills 

TotalScore 
90.67 

(20.03) 

90.77 

(18.33) 

-.020 48.98 .984 

  



 

Table 7. Phase 2 Clinical Instructor Feedback Form Results: Transfer  

of IV Pump Skills to Clinical Practice and Independence Performing IV Pump Skills in the Clinical Setting 

 

Score Control Group Observations Experimental Group 

Observations 

 

 
% Performed 

Independently 

Mean Rank 

(Sum of Ranks) 

% Performed 

Independently 

Mean Rank 

(Sum of 

Ranks) 

Mann-

Whitney 

U Test 

Z Asymp 

Sig 

(2-tailed) 

Basic Infusion 

Score  

75.6% 39.13 

(1604.50) 

93.2% 46.60 

(2050.50) 

743.500 -2.236 .025 

Secondary Medication Score 46.2% 36.69 

(1431.00) 

66.7% 45.00 

(1890.00) 

651.000 -1.851 .064 

Continuous Medication 

Score  

40% 6.80 

(34.00) 

55.6% 7.89 

(71.00) 

19.000 -.537 .591 

Score Control Group Observations 

Mean (SD) 

Experimental Group 

Observations 

Mean (SD) 

Independent samples t-test 

for equality of means 

t df Sig. (2-tailed) 

IV Pump Clinical Skills 

Total Score 

79.36 

(20.86) 

86.49 

(21.44) 

-1.61 87.55 .112 

 

 



 

Table 8. Phase 3 Self-Confidence Survey Results 

 

Survey Item:  

I feel confident with… 

Control Group 

(N=42) 

Experimental Group 

(N=16) 

Total Group 

(N=58) 

Confident* Not 

Confident** 

Confident* Not 

Confident** 

Confident* Not 

Confident** 

1 Priming IV set 81.0% 19.0% 93.8% 6.3% 84.5% 15.5% 

2 Programming basic infusion 78.6% 21.4% 81.3% 18.8% 79.3% 20.7% 

3 Programming secondary medication 52.4% 47.6% 68.8% 31.3% 56.9% 43.1% 

4 Programming continuous medication  57.1% 42.9% 62.5% 37.5% 58.6% 41.4% 

5 Feel prepared for clinical after IV skills lab 90.5% 9.5% 81.3% 18.8% 87.9% 12.1% 

6 Priming IV set in clinical 71.4% 28.6% 50.0% 50.0% 65.5% 34.5% 

7 Programming basic infusion in clinical 78.6% 21.4% 56.3% 43.8% 72.4% 27.6% 

8 Programming secondary med in clinical 42.9% 57.1% 43.8% 56.3% 43.1% 56.9% 

9 Programming continuous med in clinical 50.0% 50.0% 37.5% 62.5% 46.6% 53.4% 

10 Using other technical devices in clinical 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 

*Confident = 4 (agree) or 5 (strongly agree). 

**Not confident + 1 (strongly disagree), 2 (disagree), or 3 (neutral). 



Evaluating a Virtual Intravenous Pump E-Learning Module  183 

Table 9. Phase 3 Mean Total Self-Confidence Scores 

 

 

 

 

Control Group 

Mean (SD) 

(N=42) 

Experimental 

Group 

Mean (SD) 

(N=16) 

Independent samples t-test for 

equality of means 

t df Sig. 

(2-tailed) 

Total self-confidence 

score* 
37.50 

(6.31) 

37.63 

(8.22) 

-.055 22.091 .957 

*Total self-confidence scores possible range is 5-50. 

 

Table 10. Phase 3 Performance Checklist Scores and Times 

 

IV Pump Skill 
Control Group 

Performance 

Score 

Mean (SD) 

(n=42) 

Experimental 

Group 
Performance Score 

Mean (SD) 

(n=16) 

Independent samples t-test for 

equality of means 

t df Sig. 

(2-tailed) 

Basic infusion 
10.00 (1.27) 10.19 (.98) -.597 35.004 .554 

Secondary med infusion 
9.48 (2.30) 10.56 (1.09) -2.426 53.019 .019 

Continuous med infusion 
9.71 (2.32) 10.50 (.89) -1.862 55.953 .068 

Overall performance 
29.19 (3.98) 31.25 (1.43) -2.896 55.956 .005 

 
Control Group 

Time to 

complete skill 

(seconds) 

Mean (SD) 

Experimental 

Group 

Time to complete 

skill 

(seconds) Mean 

(SD) 

   

Basic infusion 
165.64 (55.12) 133.56 (33.17) 2.176 56 .034 

Secondary med infusion 
345.14 

(111.39) 

276.13 (102.10) 2.243 29.469 .033 

Continuous med infusion 
227.10 (94.55) 153.50 (59.80) 3.523 42.926 .001 

Overall performance time 
737.88 

(204.99) 

563.19 (161.72) 3.403 34.284 .002 

 

 

Phase 3 Results 
 

Similarly to phase 2, most study participants in phase 3 reported that they felt confident 

in performing all of the IV pump skills (see Table 8). A chi squared analysis showed that 

although there was no significant difference, when compared to the control group students in 

the experimental group were more confident when programming basic infusions, secondary 

medication infusions, and continuous medication infusions. While students in the 

experimental group were less confident in their ability to perform essential skills relevant to 
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programming IV pumps, the difference was not statistically significant. Both groups of 

students were uncomfortable performing these skills in the clinical area and less than 50% of 

participants reported that they felt confident when programming secondary and continuous 

medication infusions. Total self-confidence scores did not differ between the experimental 

and control group (see Table 9). 

Students in the experimental group scored higher than those in the control group on 9 out 

of 11 items related to programming a basic IV infusion. These differences, however, were not 

statistically significant. 

Students in the experimental group also scored higher than those in the control group on 

11 out of 12 items related to programming a secondary medication infusion and 11 out of 13 

items related to programming a continuous medication infusion. These differences were not 

statistically significant; however experimental group participants did score significantly 

higher on the skill of programming a secondary medication infusion than control group 

participants (p=.019). These students also had higher overall performance scores than control 

group participants (p=.005).The experimental group performed all of the IV pump skills in 

significantly less time than control group participants (see Table 10). 

The majority of the students were satisfied with the IV pump educational module (see 

Table 4). Students agreed that it was convenient, easy to use and realistic. The majority of 

students thought that the learning module enhanced their knowledge, skill and confidence in 

programming an IV pump. This included programming a basic infusion, secondary 

medications, and continuous medications. 73% of students thought the module was an 

excellent preparation activity for the IV pump skills lab and 80% thought it was an excellent 

review activity. 

 

 

DISCUSSION 
 

The three phases of this study focused on developing an e-learning module where 

students could interact with a virtual IV pump and transfer the acquired skills to clinical 

practice. The researchers hoped to encourage deliberate practice, with the intention of 

improving skill performance by providing students with an additional resource that they could 

use to independently pursue their own learning.In each phase of the study researchers 

attempted to improve upon any perceived weaknesses with the learning tool that were 

observed in earlier phases of the study. While the researchers were discouraged to see that 

students’ believed ease of use declined in Phase 2 of the study, it was encouraging to note that 

ease of use ratings rose again when students encountered the final version of the virtual IV 

pump. In all phases the experimental group believed the e-learning module was an effective 

teaching tool, which speaks to the importance of further developing student simulation 

experiences. 

 

 

Self Confidence 
 

A good proportion of third year nursing students in phases 1 and 2 of our study were not 

comfortable with the basic IV pump skills that are encountered in clinical settings on a 
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regular basis. While these skills were taught in second year, even upon completion of their 

third year clinical skills course some students were still not confident in performing them. 

Nursing students in phase 1 of the study who had the opportunity to review the online IV 

pump educational module reported higher self-confidence performing the majority of the 

essential IV pump skills than students who did not review the learning module. Although not 

statistically significant, these results suggested further improvements to the module, and 

follow-up testing with a larger group might contribute to significant increases in nursing 

student confidence with IV pump skills; however this was not the case with phase 2 or 3 of 

the trials which indicated no significant differences between groups. Inadequate sample sizes 

and inadequate time spent reviewing the e-learning modules are potential explanations for 

these non-significant results.  

Other researchers have found that e-learning does contribute to learner self-confidence 

performing clinical skills. Second year nursing students who participated in computer-assisted 

instruction (CAI) scored significantly higher on self-efficacy measures after an 8 week 

surgery rotation than the control group with no CAI (Madorin and Iwasiw, 1999). Staff nurses 

who completed an online computer-based training module on patient controlled analgesia 

pumps reported the module was enjoyable, satisfying and helped build their confidence 

(Paterson et al., 2006). As well, simulation in general has been found to boost self-confidence 

by allowing students to acquire clinical skills in a risk-free environment (Issenberg et al., 

2005). 

 

 

Satisfaction 
 

Satisfaction with a learning experience may influence how much time and energy a 

student devotes to the experience which may impact their learning outcomes. Results of the 

satisfaction survey indicated the majority of students in the experimental group believed that 

the learning module enhanced their understanding of IV pump programming in all phases of 

this study. By the second and third versions of the e-learning module the majority of students 

also reported that it enhanced their ability to program IV pumps in the clinical setting and 

enhanced their confidence. Newer versions of the e-learning module were thus in general 

perceived by students to be more effective teaching tools. 

Even so, students in Phase 1 indicated that the learning module was significantly more 

convenient and easier to use than students in Phases 2 and 3 of the study. In fact, students 

using the “improved” version of the virtual IV pump in Phase 2 of the trial reported that the 

virtual IV pump was significantly less convenient and less easy to use than students who used 

the original version of the pump in Phase 1. Despite concerns over ease of use the majority of 

students in all three phases of the study believed the e-learning module wasboth an excellent 

lab preparation activity and a good review activity.  

When comparing student opinion of the IV pump learning module over the three phases 

of this study, differences in overall satisfaction scores were not statistically significant. While 

satisfaction with four of the measured outcomes declined, satisfaction with seven of the 

measured outcomes increased between phase 1 and phase 3. Overall, changes to the virtual IV 

pump between phases 1 and 3 increased student satisfaction and improved the efficacy of the 

learning tool. As well, more students reported that the virtual IV pump was realistic by the 

third phase of the study. 
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The overall satisfaction with the virtual IV pump module is consistent with the literature 

reports of satisfaction with e-learning (Gerkin et al., 2009; Parker and Myrick, 2009; Paterson 

et al., 2006; Thurmond, 2003). Nursing students who reviewed the online IV pump learning 

module in our study were generally satisfied with the ease and convenience of its use. Several 

research studies with nurses and nursing students have also indicated the convenience and 

flexibility of online learning contributes to their satisfaction (Atack, 2003; Atackand Rankin, 

2002; Billings et al., 2001; Billings, 1999; Kelly et al., 2009). 

 

 

Time Spent Using the Learning Module 
 

Adequate practice time is a significant factor involved in correctly transferring skills to 

practice (Meyer et al., 2007). Students in our study spent similar amounts of time using the 

virtual IV pump in all three trials, generally spending less than 20 minutes reviewing the e-

learning module. Students did report spending more time using the virtual IV pump in phases 

2 and 3. Only 32.1% of participants in Phase 2 found the virtual IV pump easy to use, and it 

was this group who spent the greatest amount of time with the virtual IV pump. In 

comparison 82.4% of participants in Phase 1 believed the learning module was easy to use 

and this group spent substantially less time using the learning module. It is thus unknown 

whether students spent more time using the learning module in the later phases of the study 

because they believed it enhanced their learning or because they found it difficult to use.  

Repetitive practice on e-learning modules enhances the retention of technical skills while 

increasing student accuracy (Aggarwal et al., 2006; Alinier et al., 2004; Andreatta et al., 

2006; Maran and Glavin, 2003). This concept is supported by results from phase 2 of our 

study in which the number of minutes spent reviewing the IV pump module was significantly 

correlated with nursing student independence with programming basic IV infusions in the 

clinical setting. This result is also an important indicator of the transfer of e-learning skills to 

clinical practice.  

 

 

Performance 
 

While the results were not always statistically significant, students in all three phases of 

the study outperformed the control group on the majority of performance objectives 

measured, pointing to the efficacy of the virtual IV pump as a teaching tool. In Phase 1 of the 

study, data indicated that compared to the control group, experimental group participants 

completed more skills objectives successfully and overall had superior total performance 

scores as measured by the IV Pump Skills Performance checklist. In Phase 2 the experimental 

group participants scored higher in their total IV Pump Clinical Skills Score and performed 

more IV pump skills independently in the clinical area than control group participants, but the 

differences were not statistically significant. In Phase 3, experimental group participants had 

higher overall performance scores than control group participants (p=.005) and performed all 

of the IV pump skills in significantly less time than control group participants. 

Over all three phases of the study reviewing the virtual IV pump module was correlated 

with higher overall performance scores (p=.049) and lower overall performance times 

(p=.003). Student interaction with the learning module was also correlated with shorter time 
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spent programming basic infusions (p=.034), secondary medication infusions (p=.035), and 

continuous medication infusions (p=.005). Higher self-confidence scores were correlated with 

higher satisfaction scores (p=.012), higher secondary medication infusion scores (p=.010), 

higher overall performance scores (p=.050), and shorter programming times for secondary 

medication infusions (p=.017). Greater time spent reviewing the virtual IV pump module was 

correlated with higher self-confidence scores (p=.039). 

Our study findings also suggest that modifications to the original e-learning module 

resulted in improved learning outcomes. By Phase 2 of our study experimental group 

participants scored significantly higher than control group participants on programming basic 

infusions in the clinical area as indicated by programming more basic infusions independently 

in the clinical setting. While not statistically significant, Phase 3 experimental group 

participants scored higher than control group participants on 9/11 items related to 

programming a basic infusion. Similarly, while not statistically significant, the Phase 2 

experimental group participants also scored higher on programming secondary medication 

boluses and programmed more secondary medication boluses independently in the clinical 

area. By Phase 3 this difference reached statistical significance.  

Also, by Phase 3 experimental group participants correctly programmed basic IV 

infusions, secondary medication infusions and continuous medication infusions more quickly 

than controls. Experimental group participants in Phase 3 also scored higher than control 

group participants on 11/13 items related to programming a continuous medication infusion. 

Although these findings in Phase 3 were not statistically significant, it is possible that 

modifications to the e-learning module may have contributed to improving student 

performance. The lack of significant findings and the similarity of scores between the 

experimental and control groups may be attributed to small sample sizes and relatively few 

opportunities for students to practice programming continuous medication infusions in the 

clinical setting. 

All of these results combined suggest that modifications to the e-learning module used in 

Phase 1 contributed to the improved performance of the experimental groups in subsequent 

phases of the study. One of the most important results of our study are the data from Phase 2 

indicating that the skills learned through interaction with the e-learning module were 

transferable to practice. Although computer instruction has been demonstrated to be an 

effective education tool for teaching psychomotor skills in medical and nursing education 

(Carillo de Gea, Aleman and Garcia, 2012; Gerard et al., 2006; Jeffries, 2000; Jeffries et al., 

2003), to date there are few studies that have been able to demonstrate the link between 

simulation learning modalities and actual clinical performance (Paterson et al, 2006; Park et 

al., 2007; Tschannen et al., 2012).  

 

 

LIMITATIONS 
 

Limitations to the study include the small sample size, which may have contributed to the 

lack of significant findings. The relatively small class sizes at the School of Nursing limited 

the number of students who were eligible to participate in the study. Furthermore, it is 

possible that the student population that refused to participate was heterogeneous to the 

students who enrolled in the study.  
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The limited amount of time that students in the experimental group spent using the e-

learning module may have further confounded results and may have contributed to the lack of 

significant findings. 

 

 

CONCLUSION 
 

Changes made to successive versions of the e-learning module contributed to the 

development of a potentially useful teaching tool. Students reported that they preferred to 

have simulation experiences as a component of their education and believed that this teaching 

method was relevant and useful. These results suggest there is value in including the virtual 

online IV pump in the nursing skills lab as an additional resource for students to practice IV 

pump skills, and for remediation with students having difficulty with these skills. 

There is a need for nursing students to have increased practice time in the clinical setting, 

and simulation activities which mimic skills and scenarios used in the real world may be a 

useful supplementary tool which can be used to increase students’ practical experience. The 

literature, however, presents conflicting evidence about the ability of e-learning tools to 

improve student skills and provide skills which are transferable to practice. As our results also 

suggest the transfer of skills acquired through e-learning to the clinical setting there is 

evidence that practice with a virtual IV pump simulation may contribute to improved patient 

safety in clinical practice which is the overarching goal of this research. Further research is 

needed to determine the efficacy of simulation activities, and to provide evidence for its role 

in the educational system. 
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