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ABSTRACT 

Automated Dispensing Cabinets (ADC) are increasingly becoming essential 

technology in hospitals. Currently, the available research on ADCs is primarily in two 

areas. One area is in the design and specifications of ADCs, and the other is their role in 

reducing medical and inventory errors. Regarding the latter, 'before-after' studies are 

predominant. ADCs are a relatively new addition to hospital equipment.  This means that 

there are fewer machine-human interaction studies. Machine-human interaction is 

important for assessing efficiency and errors, especially when taking into account the 

long working hours of the nurses along with its associated cognitive loads and fatigue.  

A study was devised that investigated the machine-human interrelationships of the 

hospital ADCs. Since these are expensive, this study uses a Virtual Reality Simulation 

(VRS) of a one particular brand. Experiments on machine-human interactions are carried 

out within the VRS. The first step of the study involved creating the VRS, and then it was 

evaluated to determine its usability. This was done by asking nurses, those who have had 

prior knowledge and experience with ADCs, to test out the VRS and provide feedback 

through a 10 question modified system usability survey (SUS). Nurses were given a task 

to complete within the VRS. This was one that is commonly done in a real world 

situation. At the conclusion of the study, the results from the usability data are used to 

report on the advantages, disadvantages, and the implications of creating a VRS of an 

ADC.  Recommendations for future research are also included in this thesis. 
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CHAPTER I 

INTRODUCTION 

 

  This thesis investigates how virtual reality would be beneficial in nursing 

education. There has been an increase in the need for alternative learning methods for 

nurses in the last two or three years (Brown and others 2004, 170-174, 164-169). VR has 

already been deemed an effective training tool in other fields, and there is reason to 

predict that it will also be useful in nurse education. To explore this idea, an automated 

dispensing cabinet (ADC) was reproduced in a virtual reality (VR) simulation and tested 

to determine if the VR could be an adequate training tool.   

 

Nurses and Alternative Learning Methods 

Major factors in health care today, as considered by Brown and others (2004, 164-

169) include the following;  

the nursing shortage and the need to increase enrollment into nursing programs, a need to 

supplement limited numbers of clinical sites, lower costs of simulation equipment, 

emphasis on evidence-based practice and competencies, acceptance of simulation as a 

useful tool, increasing awareness of the need to address patient safety, and the ability of 

simulation to enhance clinical practice.  

 

This has caused nursing education to consider alternative learning methods, and in 

regards to this thesis, explore simulation technology.    

Simulation technology is listed as the currently preferred alternative teaching 

method in nurse education (Horne and Medley 2005, 31-34). Simulation is defined as “a 
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superficial resemblance; a representation of a product, condition, or process in a different 

medium” and simulate is “to assume the appearance of falsely; to pretend to have, to 

reproduce a social or physical activity in computer terms to arrive at a solution” (Cayne 

1992, 927).  

According to Duncan, Pope, and Stewart (2009, 636-640) and Horne and Medley 

(2005, 31-34) nursing students feel they learn better when they actively participate in a 

procedure with a real patient. Simulation technology offers the advantage to simulate a 

real situation in which nursing students can participate. Other advantages are patient 

safety, active learning, situational diversity, and feedback and corrections. A student can 

practice a procedure repeatedly without harming a human. They can experience different 

scenarios that they might not be exposed to in a real situation. Students receive on the 

spot guidance in simulation technology which can save a patient’s life, and their 

performance can be reviewed. Limitations or areas where the student needs to improve 

can be presented to them also (Horne and Medley 2005, 31-34).     

 Simulation technology includes three basic levels; low-fidelity, moderate-fidelity, 

and high-fidelity. Fidelity is defined as the degree of accuracy depicted by the simulation, 

compared to the real experience (Brown and others 2004, 164-169; Horne and Medley 

2005, 31-34). Low-fidelity simulations do not always possess the reality or situational 

details that are required to transfer learning into the real world (Brown and others 2004, 

164-169). They are good for learning and practicing psychomotor processes. Some 

examples of these types of simulations are “intravenous (IV) training arms” and 

“intramuscular (IM) injection hips” (Broussard 2008, 521-524). Moderate-fidelity 
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simulations are more useful in terms of learning more difficult ideas and processes. They 

begin to include options such as sounds (heart and breath) (Broussard 2008, 521-524). 

High-fidelity simulations not only respond realistically but have a façade of reality. A 

‘Manikin’, or an advanced computer programmable mannequin, offers life like 

biometrics such as pulse, blood pressure, respiration, and vocal sounds (Horne and 

Medley 2005, 31-34). It is an example of a high-fidelity simulation (Brown and others 

2004, 164-169).  

Computer-based simulations are another medium of simulation technology. It is 

not a new medium but is increasingly being considered in nursing learning centers 

instead of the plastic mannequin models (Brown and others 2004, 164-169; Horne and 

Medley 2005, 31-34). The shift from the plastic mannequin models to computer-based 

simulations is largely founded on the fact that nursing students report to repeatedly have 

issues conceptualizing the mannequin as a real patient, and replicating knowledge to real 

world situations (Horne and Medley 2005, 31-34).  

Computer-based simulations can investigate a wide range of psychomotor 

processes, knowledge, and critical thinking skills. An advantage for this medium includes 

real-time, or without response delay (Brown and others 2004, 164-169). The benefit of 

having real time is the ability of the simulation to mimic a real world situation. Real time 

also gives students the ability to correct a mistake and learn from intermediate feedback 

and analysis (Horne and Medley 2005, 31-34; Brown and others 2004, 164-169).   

 Computer-based simulations use software programs to produce a simulation of the 

real world. The software itself can be any of the three levels of fidelity: low, moderate, 
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high. Convenience, another advantage of this medium, is achieved by the software 

program, which means that nursing students do not necessarily have to confine their time 

to class hours or nursing center hours depending on the location of the set up of the 

simulation (Brown and others 2004, 164-169).  

 

Virtual Reality  

According to Marín, Pérez, and Pérez (2007, 545-550) virtual reality is a 

computer interface that involves real time simulation, and the ability of interacting with 

one or more of the five human senses. A VR system is generally comprised of a 

computer, a virtual environment, and peripherals that allow a user to manipulate the 

virtual environment. Virtual reality simulations are categorized in terms of the display 

used (Marín, Pérez, and Pérez 2007, 545-550). These are desktop, projected, semi-

immersive, and immersive.  

A desktop VR setup uses the familiar computer monitor that can be seen in 

today’s commercial market. In conjunction with this monitor, 3d viewing can be achieved 

by the addition of stereoscopic glasses.  Modern desktop computers also have the ability 

to utilize haptic gloves, 3d mice, or joysticks instead of the conventional mouse and 

keyboard to explore a VE (Ausburn and Ausburn 2004).  

An example of a projected virtual reality simulation is a cave automatic virtual 

environment or a CAVE (See Figure 1). It is a room enclosed by screens. These screens 

display the VE. Stereoscopic glasses are used, as well as a position tracker to reload the 

VE location when the user walks around the room.  
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In the semi-immersive VE there is a tangible replication of the real world in 

addition to a portion that is intangible (i.e. VR). An example could be a flight simulator 

where there is a computer software program as well as a physical replication of a plane 

(See Figure 2). Immersive VE’s only have the intangible component. Like the projected 

category, an immersive VE tracks the users’ movement, but are displayed through a 

headset (See Figure 3) (Marín, Pérez, and Pérez 2007, 545-550).  

 

Figure 1 CAVE 
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Figure 2 Flight Simulator. Czech flight simulator (TL39) can be found at Moscow 

Aviation Institue. Photo by Sergey Khantsis. 

 

 

Figure 3 Immersive VE. Photo provided courtesy of the Naval Research Laboratory 

http://www.nrl.navy.mil/aic/ims/ 

 

http://www.nrl.navy.mil/aic/ims/


Texas Tech University, Colleen Linn, May 2012 

 

7 
 

Virtual reality simulations are by nature spatial and visual. Due to this, VR 

simulations based on navigational tasks, inspection tasks, and procedural training will 

provide the user with the best outcome. (Marín, Pérez, and Pérez 2007, 545-550). Virtual 

reality is used when interaction and movement are most critical and when trying to tie the 

simulation back to the real world (Tait 1992). Virtual reality simulations should be 

created specifically for the task needing to be completed or performed (Brooke 1996, 

189-194; Molina, Pérez, and Pérez 2007, 545-550). That is one of the reasons there is not 

currently a standard for creating virtual reality simulations and why there is a wide range 

of different types available (Ausburn and Ausburn 2004; Baggerman 2009, 161-181). 

Virtual reality is seen in a variety of fields, and the reasons are just as diverse. VR 

is currently found in architecture, law enforcement, medicine, military, and 

entertainment. The technology is used for accident examination, revealing potential 

hazards and how to stop them, business economics, evaluating equipment, and training 

(including safety training) (Ausburn and Ausburn 2008, 54-87; Marín, Pérez, and Pérez 

2007, 545-550). Desktop virtual reality technology is seen to be common for 

communication, designing, sales, and training (Tait 1992). An example of 

communication using VR’s is in internet relations. Virtual communities are a place where 

people can share common interests. (Dos Santos and Fraga 2002, 471-479). Real estate 

and travel/tourism are fields that are also known to use VR across the internet (Ausburn 

and Ausburn 2004).  

Desktop VR has many benefits. It has low maintenance cost due to current 

available technology. It has the capacity for multiple viewers at one time (Ausburn and 
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Ausburn 2004; Ausburn and Ausburn 2008, 54-87; Marín, Pérez, and Pérez 2007, 545-

550; Mason 1996; Tait 1992). It allows for different types of input and output controls. 

This diversity gives multiple interaction possibilities within a VR (Mason 1996). Desktop 

VR also have some advantages over immersive VR. Desktop VR setups do not use 

headsets which mean that screen resolution and detail is better (Marín, Pérez, and Pérez 

2007, 545-550; Tait 1992). Immersive VR that use headsets are listed to have some 

disadvantages. The headsets can cause disorientation due to sensor lag, and motion 

sickness is also reported (Ausburn and Ausburn 2004; Ausburn and Ausburn 2008, 54-

87; Mason 1996; Tait 1992).  

 

The Study 

Marín, Pérez, and Pérez (2007, 545-550) say that both immersive and non-

immersive categories of VR are effective for learning and training. All simulations might 

have value, but there is not a standard of validation for them (Ausburn and Ausburn 

2004; Ausburn and Ausburn 2008, 54-87; Brown and others 2004, 164-169).  The 

majority of experts agree that more research is needed to state whether or not specific 

skills learned from a simulation transcend to real world situations (Alinier and others 

2006, 359-369). Effective training depends on factors such as engagement and 

stimulation of reasoning skills, and the transfer of knowledge to the real world (Marín, 

Pérez, and Pérez 2007, 545-550). Brown and others (2004, 170-174) state that “Many 

teaching tools in nursing education have been adopted through intuition, experience, and, 

sadly, habit but have never been validated.” This thesis purposes a validation idea and for 
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a simulation regarding nursing education. The research questions are can a low-fidelity 

desktop virtual reality simulation of an Automatic Dispensing Cabinet (ADC) have an 

acceptable level of usability like an Automatic Dispensing Cabinet (ADC) in the real 

world, and does a higher evaluation of the simulation mean a faster completion time? The 

hypotheses are yes to both research questions, and that studying usability could be used 

as future ideal for validation in VR simulations for nursing education. 
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CHAPTER II 

LITERATURE REVIEW 

 

First, this chapter gives a literature review of current research and information 

about virtual reality being used in health care. Second, this chapter presents background 

information and research dealing with automated dispensing cabinets. Lastly, usability 

(effectiveness, efficiency, and satisfaction) of a system is discussed.  

 

Virtual Reality  

In an attempt to quantify the inefficiencies of current medical training methods, 

the National Institute of Medicine performed a study to compare the number of deaths 

that are due to breast cancer and AIDS (combined) and the number of deaths due to 

medical mistakes. The study found that deaths due to medical mistakes far outnumbered 

the deaths attributed to breast cancer and AIDS combined. In addition, the number of 

deaths from medical errors even outweighs the number of deaths due to motor vehicle 

accidents, which are the eighth highest cause of death in the USA (Small, Wolpe, and Ziv 

2000, 491). Virtual Reality medical simulations are offered as a solution to decrease 

medical errors. They provide an alternative to traditional training methods and help put to 

ease the growing concerns for patient safety (Bell, Duffy, and Robert 2006, 3219-3224). 

Medical simulation can be loosely defined as a computer simulation of anything 

dealing with the medical profession. A few examples to indicate the scope of medical 



Texas Tech University, Colleen Linn, May 2012 

 

11 
 

simulating are listed here: management tasks, lab results, X-rays, CAT scans, MRI’s, 

physical exams, surgeries, and so on (Small, Wolpe, and Ziv 2000, 491). Whether or not 

VR technology based medical simulations will replace the existing traditional training 

methods or only become an additional aid for training is not known. There are multiple 

benefits in either case.  

Virtual reality medical simulations can incorporate special stereoscopic displays 

and haptic systems for a high-fidelity system. The majority of VR setups for medical 

students have haptic systems (Bell, Duffy, and Robert 2006, 3219-3224). Built in 

innovative haptics systems allow beginning residents to learn new or unfamiliar 

procedures and also allows practicing physicians to study new procedures that have been 

developed since they completed their training (Dawson and Kaufman 1998, 479-483). 

Modern day medical simulations can assist the advancement of surgical skills. Virtual 

Reality technology based medical simulations is a great training tool for surgeons. The 

cost of training and the risk to patients will decrease while the efficiency of surgeons will 

increase if VR training is implemented in medical programs (Bell, Duffy, and Robert 

2006, 3219-3224).  

An anesthesia simulator by CAE-link is designed to simulate changes within a 

patient’s physiology that occur when anesthesia is administered. It allows normal and 

abnormal signals to be relayed to the team when they make changes without patient risk 

(Dawson and Kaufman 1998, 479-483). In surgical training the type of surgeries that are 

available during residency do not necessarily cover all the procedures students need to 

experience. Even after a six year residency there is no guarantee that a resident will have 



Texas Tech University, Colleen Linn, May 2012 

 

12 
 

exposure to a full range of procedures. Increased difficulty is encountered because 

students are taught at least two ways for each procedure, which doubles the skills that 

have to be learned (Bell, Duffy, and Robert 2006, 3219-3224). A benefit of VR 

simulations is that they provide the ability to train for specific operations on demand.  

Medical state licensing requires all physicians to continue their medical education 

(CME). Seminars are given across the country to discuss new procedures and other 

additional medical information. A physician is then expected to use the new knowledge 

upon returning to work. Very few physicians are able to accomplish applying the new 

procedures. Simulators can decrease the risk to patients by allowing these physicians to 

practice before applying the newly learned techniques gone over during the lecture 

(Dawson and Kaufman 1998, 479-483).  

The VR interfaces for simulations are more promising and make for a more 

believable practice environment because they offer built in haptics or force feedback for 

high-fidelity. It contributes to higher face validity. VR software can be customized to 

include pass/fail criteria (Bell, Duffy, and Robert 2006, 3219-3224). With training in a 

VR medical simulated environment there is potential to overcome the lack of diversity 

associated with traditional training, as well as the opportunity to test many situations, on 

many different patients, under many different conditions (Dawson and Kaufman 1998, 

479-483). VR based medical simulations can incorporate equipment failures or 

situational errors (Bell, Duffy, and Robert 2006, 3219-3224). Training is not only limited 

to procedures but can also teach a resident how to react and how to fix those errors. VR 

simulators can also provide practice on how to deal with common distractions that occur 
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in the workplace. Common distractions that could be included are high “workload, 

distractions, and ambiguous information” (Small, Wolpe, and Ziv 2000, 491). 

  

Nursing Education 

Nursing students usually lack a broad range of exposure to uncommon procedures 

during clinical settings because of extraneous factors. Some of those factors are because 

national health care monies have been reduced over the years, and not enough faculty 

nurses are present. This means that a patient will spend less time in a hospital, as well as 

less staff to care for them. Yet nurses are expected to give prompt and effective care 

(Dawson and Kaufman 1998, 479-483).  In this regard, simulations in nursing education 

have been deemed an effective learning tool. Students enrolled as an undergraduate 

nursing student at a private university listed skills they felt they had learned from the use 

of simulations. The skills they listed, in the order of most often selected, are; “critical 

thinking, improvement in nursing skills, confidence, and facilitating teamwork” (Hunter 

and Ravert, 2010). Simulations dealing specifically with virtual reality have education 

benefits for both student nurses, and currently practicing nurses.  

Virtual reality simulations in nursing education is increasing because of the 

benefits it offers (Brown and others 2010, 314-317; Hansen 2008). VR can compensate 

for multiple learning styles of a student body (Hunter and Ravert 2010). VR simulations 

can allow professors and teachers to record and evaluate student performance. 

Corrections can be shared with the individual or a class as whole (Brown and others 

2010, 314-317). They also lend the ability to adjust to the education level of the student 
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(Hunter and Ravert 2010). VR will also continue to increase as costs go down (Brown 

and others 2010, 314-317; Hansen 2008). VR in nursing education is presented in a wide 

variety of forms including across the internet. 

News Center (2011) states that UT Dallas and UT Arlington College of Nursing 

collaborated to create a virtual learning environment that is accessible online for a 

low/moderate-fidelity experience. The main benefits for online education are to lower 

cost and to train more quickly. Uncommon and life threatening procedures can be 

practiced without harm to a patient. Nursing students from other locations can learn or 

practice procedures online. The VE also allows nurses to focus on Neonatal care. There 

are different scenarios, levels, and extraneous factors that can occur in this online VE. 

Factors can include dealing with a patient’s family, stress, or being tired (News Center 

2011). Other extraneous factors that could be included into a virtual environment are 

“bomb threats, treating battlefield causalities, or dealing with violent patients” (Brown 

and others 2010, 314-317). 

Nursing students now have course in online low/moderate-fidelity virtual reality 

worlds created in SecondLife or SL for short (Hansen 2008). SL is where “users 

manipulate onscreen representations of themselves in a highly realistic environment” 

(Brown and others 2010, 314-317).  Professors at St. George’s Medical School in London 

and Coventry University use SL to encourage guest lecturers or students from around the 

world to collaborate. For example, students can learn exactly how to interact with a 

patient who complains of having pain in their chest in a low/moderate-fidelity SL 

environment (Hansen 2008). 
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SL is also used in public health departments. Nursing students usually do not have 

knowledge or experience in dealing with public health departments. Nursing students are 

required to have community hours during their clinical time frames. However, there is no 

guarantee that they will be in a public health department. Also, the public health 

departments are in need of nurses. A university’s online nursing program decided to 

implement SL to encourage a change to help the public health departments. The 

programs’ goals are to help recruit nurses and provide nursing students access to 

knowledge about public health. SL also provides nursing students with knowledge that 

they may not have been able to achieve through a public health clinical rotation.  SL is 

listed to provide the nursing students with the following skills; “monitoring health status 

to identify community health problems, diagnosing and investigating health problems and 

health hazards in the community, and enforcing laws and regulations that protect health 

and ensure safety” (Schmidt and Steward 2010, 74-78). The program requires the 

students to use a set number out of all the scenarios provided. They encourage students to 

use more than the required number of scenarios in SL by giving them clinical hours. The 

university also added virtual locations such as homeless shelters or refugee camps. The 

program requires nursing students to visit these virtual locations as well (Schmidt and 

Steward 2010, 74-78). SL has been described as a “pre- or post- learning tool” (Hansen 

2008). Public health nurses have indicated that these SL simulations would not only be 

good for nursing students, but new public health nurses as well (Schmidt and Steward 

2010, 74-78).       
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Practicing nurses also receive benefits from virtual reality in the area of 

developmental disabilities (Brown and others 2010, 314-317). There is an increase in the 

need for nurses in the area of developmental disabilities. Nurses that currently work with 

developmental disabilities stated that they did not receive proper education for it. Peoples 

with developmental disabilities also suffer from other health issues. Therefore, proper 

care is extremely important, especially with children. Attention to this problem brought 

three “nurse practitioners from different universities, a physician’s assistant faculty 

member, parents of children with developmental disabilities, and educational specialists” 

to help change that. They created a low/moderate-fidelity VR training tool that can be 

distributed on a CD (Boyd and others 2008, 66-73). Virtual reality provides practicing 

nurses with the ability to increase novice skills without using expensive supplies or 

endanger patient safety (Brown and others 2010, 314-317). The CD has two different 

scenarios written about two children with Down syndrome. The nurses are encouraged to 

select the proper care that is needed to complete the scenarios (Boyd and others 2008, 66-

73).    

Practicing nurses are used in experimental procedures with virtual reality 

simulations. Nurses need to be well prepared on how to perform an intravenous 

cannulation before they try the procedure on a patient. This procedure can cause “trauma 

and discomfort” if not preformed correctly. In the past this procedure was carried out by 

doctors and has been slowly moving towards nurses. Nurses currently practice with a 

plastic model, but now a high-fidelity VR, CathSim ITS, is available to use. The CathSim 

ITS simulation is compared to the plastic arm method with volunteer nurses. Nurses were 
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split up into two different groups. One group used the plastic arm and the other used the 

CathSim ITS to practice. At the end of training, the nurses were tested on their 

knowledge. The plastic arm group received 100% and the VR group 92.86%. According 

to Chang, Chung, and Wong (2002, 73-78) the possible reason the plastic arm group’s 

score was higher was because the nurses had an average experience that was higher than 

the nurses in the VR group. One had experience in intravenous cannulation, and one in 

venepuncture, and one had both. However, the researchers could not state which teaching 

method was better despite the differences (Chang, Chung, and Wong 2002, 73-78).  

Nurses are using virtual reality simulations outside of their field as well. Low-

fidelity virtual reality simulation mockups of hospitals are being sent to clients, and to 

current users, which includes nurses, for design feedback. Nurses help provide 

information and design development to improve the efficiency of hospitals. Evidence-

based design guidelines for hospitals are few are far between. A literature review from 

Arns, Dunston, and McGlothlin (2007) found only 57 out of 360,000 articles that 

discussed improvements for designing hospitals.  

Even though nurses have used reality simulations for a wide variety of aspects, 

the full potential of VR has not been explored yet. Some of these aspects are not in the 

scope of what a nurse does. Areas that have not been explored are the daily trials and 

tribulations of nurses. These could also be pacified by the use of VR simulation 

technology. 
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Automated Dispensing Cabinet 

According to “Best practices for a safe health care system” an ADC, or automated 

dispensing cabinet, is defined as “an automated, computer-controlled dispensing device 

that stores drugs directly on the nursing unit so that they are immediately available to the 

nurse.”  Essentially, an ADC is a storage cabinet that is controlled by a computer (See 

Figure 4). An ADC can be used for both medications and supplies (Paparella 2006, 71-

74).  

Cost reduction, proper billing, safety, and security are benefits of using ADCs for 

medications and supplies (Erickson and others 2007, 2037-2043; Paparella 2006, 71-74). 

An ADC provides a hospital with a way to effectively track what medications or supplies 

are being used, who is taking them out, and which patient they are going to. Therefore, 

proper billing is enforced and associated costs are reduced. An inventory log of what is 

placed inside of an ADC also keeps track of how many items are left in the cabinets. It 

provides security by requiring nurse credentials to access the ADC. This means that only 

authorized personnel are allowed to take out medications or supplies.  
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Figure 4 ADC. Top, multiple dispensing cabinets; Bottom, close up of ADC software 

screen.  

 

  An ADC requires a log in name and password (or a finger print identification 

swipe). A user logs in by typing their user name on the roll out keyboard, which is 

located below the ADC software screen, and pressing their finger on the finger print 

identification swipe, which is located next to the screen (See Figure 4 Bottom and Figure 
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12). Once the user has logged on, they can then select items for a patient. The ADC 

software has the ability to search for a patient’s name, or to scroll through a list of names. 

The same applies for items stored within. When the user clicks the ‘find item’ button and 

types in a medication or supply, a green light will flash underneath where the item is 

located within the ADC.  

Pedersen’s, Scheckelhoff’s, and Schneider’s (2009, 926-946) ASHP, the 

American Society of Health – System Pharmacists, conducted a survey to see the number 

of hospitals that use ADCs and the change over the years. The survey took into 

consideration nursing stations with ADCs that had medications, i.v. solutions, and sets. It 

uncovered that the number of hospitals that use ADCs has been increasing from forty 

nine percent in 1999 to eighty three percent in 2008. They stated that the size of the 

hospital determined whether or not they were more likely to use an ADC. If the hospital 

had more than 300 beds then ninety percent of them used ADCs. If the hospital had less 

than 50 beds then only sixty four percent of those used ADCs.  

The majority of research dealing with ADC use is in terms of medications.  ADCs 

are effective in the reduction of medication errors in the dispensing stage (Bailey and 

others 2007, 315-321). Patient safety, efficiency, cost, and regulation all increased with 

the use of an ADC. Storage and dispensing of supplies in an ADC was not included in the 

research literature.    

During the dispensing stage of medicine, 11 percent of errors can be reduced by 

the implementation of ADCs (Bailey and others 2007, 315-321). The “medication-use 

process” is described from Dong and others (2007, 90-96) as “prescribing, transcribing, 
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dispensing and administration” of medication. There is a 5 percent error recorded during 

the entire “medication-use process”. Within the 5 percent, there is a breakdown of 40 

percent of errors in the prescribing phase, 40 percent in the administration phase, and 20 

percent in the transcribing and dispensing phase.  The data that revealed the errors were 

collected from medical and intensive care units between the years 2000 - 2005. All errors 

were collected monthly, and only when the unit contained greater than or equal to 1000 

patients in a day. If there was a unit that had less than 1000 patients in a day when an 

error occurred, it was not recorded into the 5 percent. The data was collected in the form 

of questionnaires. They were given to the personnel working at the time the errors were 

recorded. These people consisted of “registered nurses, licensed practical nurses, nursing-

unit clerks, pharmacists, pharmacy technicians, physicians, and physician assistants” 

(Dong and others 2007, 90-96). Even though ADCs can prevent some dispensing errors, 

they themselves are not devoid of errors.   

Understanding current errors or problems associated with ADCs is important for 

avoiding medical mishaps (Greenall and others 2007, 332-334). In a study carried out 

from October 2004 to January 2005 in an acute/tertiary 613 bed university hospital, out 

of 1,112 orders and 18,404 doses monitored, there were 18 filling errors and 4 dispensing 

errors pertaining to the use of ADCs (Caldwell and Scott 2007, 1427-1431). During this 

study the description of errors they listed were wrong medication and wrong dose of a 

medication.  Since humans are responsible for stocking and restocking an ADC, human 

error is listed as a potential cause in those two types of errors. When this type of human 
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error occurs it can result in dispensing errors (Caldwell and Scott 2007, 1427-1431; 

Greenall and others 2007, 332-334).  

The same type of error is discussed by Abraham and others (2010, 49-57). Five 

case studies during 2008 were listed in an academic hospital with 386 beds providing 

multiple services including both pediatric and adult care. These five cases happened 

because of lookalike and similar name issues. Three out of the five errors were because 

they were placed in the same refrigerator in the central pharmacy. The first case involved 

a newborn baby being injected with adult strength medication instead of the same named 

neonatal medication. The mistake initially occurred when the ADC was restocked. The 

medications were stored side by side in the pharmacy refrigerator. The nurse did not 

notice the difference in adult verses neonatal packaging until after the injection. Both 

medications have the same name and look alike to one another. After this error occurred, 

the pharmacy separated adult and neonatal medications from each other. The second case 

that occurred was because two similar looking medicines with different names (one for 

adult the other neonatal) were placed in the same refrigerator in the pharmacy. The nurse 

had taken it out of the ADC but noticed before the administration of the medication 

occurred. Another situation exactly as this one occurred one month later. Apparently in 

this type of a case the two medications were always suppose to be kept separate, but one 

had accidentally been misplaced. During the third case, the pharmacy refrigerator had 

been arranged alphabetically. The adult and neonatal had the same name and therefore 

accidentally grabbed when the pharmacist restocked the ADC. The error was found 

before it was given to the neonatal patient. In the fourth case a vaccination ordered for a 
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two month old baby was wrongly dispensed. The two vaccinations that were mixed up 

have similar names and packages. The medication was for children older than twelve. 

Once again they were stored in the same pharmacy refrigerator. The fifth case occurred 

with a neonatal only four hours old. However, the wrong medication was not noticed 

until after three injections had already been given to the patient. No harm had come to the 

baby, but could have if other look a-like medications, which were found in that ADC, had 

been picked. The initial error had been made by the pharmacist restocking the ADC. 

Other types of same name medication errors have been documented (Paparella 2006, 71-

74).  

Where items are placed within the ADC could also contribute to dispensing 

errors. That is why Greenall and others (2007, 332-334) and Bailey and others (2007, 

315-321) suggest avoiding placing items that look alike or have similar names in the 

same ADC. A nurse took the wrong medication because similar drug names were listed 

in the software of the ADC machine (Paparella 2006, 71-74). Another example is if items 

overflow into other bins below or next to it because too many are added to a bin 

(Caldwell and Scott 2007, 1427-1431; Greenall and others 2007, 332-334).  

 To recap, medical errors associated with an ADC include human error, packaging 

errors, labeling errors, and system or equipment errors. Human errors include stocking, 

restocking, not following procedures, selecting the wrong medicine from the ADC, 

grabbing the wrong medicine, selecting the wrong concentration of medicine, and 

grabbing the wrong concentration. Only one article mentions a human-ADC software 

interaction error in which the wrong drug was chosen because the nurse selected the 
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wrong name from the ADC screen (Paparella 2006, 71-74). The errors listed in current 

research deal with medication dispensing use of ADCs, and do not discuss storage or use 

of supplies.  

Patients are spending less time in hospitals meaning there is added pressure to 

give accurate and efficient care (Dawson and Kaufman 1998, 479-483). VR simulators 

are being introduced as an alternative training method to increase a student’s ability to 

provide care. VR Simulators can be pricey, but the pay back rate needs to be further 

analyzed to distinguish what level would specific skill sets would be worth training on a 

VR simulator. An example would be in the area of fidelity (more lifelike). The level of 

fidelity with their associated costs would need to be analyzed to see the various pay back 

rates. Not every educational course needs a high cost/high fidelity VR simulation to 

effectively train a person (MacRae and Richard 2006). This is when the usability of a 

system is discussed.  

 

Usability  

Usability is “not a quality that exists in any real or absolute sense. Perhaps it can 

be best summed up as being a general quality of the appropriateness to a purpose of a 

particular artifact” (Brooke 1996, 189-194).  This means that usability is subjective to the 

purpose or goal of the end product. Depending on the outcome that is desired, the tasks 

within the system should reflect those desires. The SUS, or the System Usability Scale, 

designed by Digital Equipment Co Ltd., Reading, United Kingdom examines if a system 

has “effectiveness – the ability of users to complete tasks using the system, and the 
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quality of the output of those tasks, efficiency – the level of resource consumed in 

performing tasks, and satisfaction – users’ subjective reactions to using the system” 

(Brooke 1996, 189-194).   

The SUS is a five point Likert scale composed of ten questions. The questions 

were designed to avoid ambiguity and force the reader to actively respond (Brooke 1996, 

189-194). The questions were also designed so that they were “significantly correlated” 

to one another (Bangor, Kortum, and Miller 2008, 574-594). Results of individual 

questions do not indicate the usability of a system, rather the entire score is used for 

determining usability (Bangor, Kortum, and Miller 2008, 574-594; Lewis and Sauro 

2009).  

SUS scores can be valued in two different ways. The first is a typical grade scale 

found in education where anything below a 70 is failing. The second considers 50-70 as a 

gray area that can be considered acceptable depending on the system being evaluated. 

Bangor, Kortum, and Miller (2008, 574-594) say that different systems have shown 

different ranges of scores.  

The SUS score, regardless of the type of system, is considered a reliable and 

robust tool (Bangor, Kortum, and Miller 2008, 574-594; Stetson and Tullis 2004). SUS is 

noted to be the only questionnaire in 2004 to address all users’ preferences and to have 

the “most reliable results” (Stetson and Tullis 2004). This is the reason SUS was chosen 

for this thesis.     
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CHAPTER III 

METHODOLOGY 

 

This research is focused on the usability of an automated dispensing cabinet (ADC) 

simulation. ADCs are typically found in nursing stations of hospitals. This study was 

devised from a need for nursing students to have experience using an ADC before they 

reach in-hospital experience. The methodology described in this chapter included 

creating an ADC simulation, constructing a training simulation, and devising an 

experimental process with which a volunteer could provide feedback. The experimental 

task was formulated and nurse volunteers were asked to complete it within the ADC 

simulation.  The task was one that they already know, and have performed in a real life 

situation. After the task was completed, the volunteers were asked to fill out a 

questionnaire to discern the usability of the ADC simulation. Before beginning the 

experiment, appropriate requirements and permissions were obtained from Texas Tech 

Institutional Review Board (Project: 502547).  

 

Simulations and Experimental Process Development 

The first step in developing a virtual reality simulation was to decide what setup, 

including hardware and software, is optimal for the type of simulation being created and 

its intended purpose. Certain features like head sets, stereoscopic displays, or desktop 

verses immersion may be added if it is vital to the transfer of knowledge, or left out if it is 



Texas Tech University, Colleen Linn, May 2012 

 

27 
 

not applicable for the task. The task, or scenario for this experiment, is a psychomotor 

skill set that a nurse uses daily on the job. Low-fidelity was listed as appropriate to gain 

knowledge of or practice psychomotor processes (Brown and others 2004, 164-169). 

Low-fidelity provided two benefits for this experiment: availability and cost. Standard 

desktop computers found on today’s commercial market can be purchased cheaply. The 

availability and wide use of these computers endow them with low maintenance costs.   

The hardware set up included a desktop Dell Optiplex 980 with an Intel Core i5 

CPU at 3.33GHz with 4GB of RAM and a 250GB hard drive. The video card was an ATI 

Radeon HD 3400 series card and the 19-inch monitor had a resolution of 1280x1024. The 

operating system was Windows XP with Service Pack 3 installed. This desktop was 

found in the same nursing institution that the volunteers were selected from. The 

keyboard and mouse used in this experiment were factory standard and were sold with 

the Dell Optiplex 980 (See Figure 5). 

There are multiple ways to navigate within a virtual reality. Choosing the best 

tools for navigation depends on the type of simulation, and the outcome that is required 

from the simulation. The three most common tools used for navigation with low-fidelity 

desktop computers are joystick, mouse, and keyboard. For this experiment, the mouse 

was used as a virtual hand to click on geometry, and the keyboard was chosen to move or 

navigate within the simulation. This decision was made because the experiment required 

very simple movements and how the software was configured.  
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Figure 5 Setup. Photo shows a volunteer performing the task in the ADC simulation. 

 

The software programs used to for this experiment were EON Reality Studio 

6.1.1, Autodesk 3DS Max 8, and Adobe Photoshop CS. EON Reality Studio 6.1.1 

provided the interactivity and navigation. The EON Reality software was selected 

because it is an object-oriented program, scalable, viewed easily, and allowed importing 

of content from different software programs. Object-oriented programs assign an object, 

or graphic icon, with specific programming code.  This gives a person without computer 

programming knowledge the ability to use the software. Although, EON Reality allows 

for scalability by providing options to use haptics or stereoscopic viewing for high-

fidelity simulations, they were not used for this experiment. EON Reality can be viewed 

easily in the sense that the actual software program is not needed on a computer to view a 

simulation created in EON Reality. A simulation can be viewed by a smaller file sized 

viewer or imbedded into a website. EON Reality provides a plug-in for 3DS max 8 called 
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EON raptor. The plug-in sets up a base file in EON Reality using the content that was 

created in 3DS max 8. The base file includes basic set up for navigation, cameras, and 

generic lighting. Autodesk 3DS Max 8 was used as an asset development software tool to 

create the 3D virtual geometry for this thesis because of the advanced skills of the 

researcher in 3DS Max, and the EON Reality plug-in. Adobe Photoshop CS was used to 

edit photos, images, or bitmap textures. 

The environment, or in this experiment, the virtual room in which the virtual 

ADC resides, was recreated from floor plans from a nursing station of a nearby geriatric 

center. Cabinets, faucets, door, and fridge locations are identically modeled to the nursing 

station of the geriatric center. Thus, an authentic location was reproduced for the ADC 

simulation. Since the volunteers would be selected from a specific nursing institution, and 

that institution used Pyxis brand ADCs, that was the brand selected to be translated into a 

3D model for the simulation (See Figure 4). All the 3d modeling was completed in 3DS 

max 8. Before this 3d content was exported into the standalone (.eoz) EON Reality 6.1.1 

file, textures were added to the content.  

 Since the majority of real-time software programs take considerable CPU power 

to process dynamic shadows, they were omitted in lieu of better processing/run times. To 

compensate, a process called texture baking was applied to the 3d content before it was 

exported. Texture baking is a process in 3DS Max in which shadows processed by a 

radiosity solution are captured, or burned, into a new texture map. The new texture map 

is saved, and reapplied to the same geometry. This combination was then exported using 
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the raptor plug-in for 3DS max 8 to simulate shadows in EON Reality. Once this base file 

was set up, additional 3D content was added to it. 

The additional 3D content was also created in 3DS max 8, and then imported into 

the base EON Reality file. The content included the instruments, signage, and virtual 

ADC software screens. The instruments were basic in terms of geometry and polygon 

count, and contained a detailed image applied as a texture map. The signage and the 

virtual ADC software screen contained a single plane, or one polygon, in which textures 

were applied. The next step was to set up interactions.        

There are multiple ways how an interaction could be set up in EON Reality. To 

find the best solution, a map of the functions of a real ADC was devised (See Figure 6). 

To map out the functions, a scenario describing a task was planned out with the 

assistance of a senior nurse practitioner and professor in a college of nursing. The 

scenario was developed so that the volunteer, a nurse, will already have the knowledge to 

complete the task (See Appendix A). This scenario consisted of a written script that they 

would read. Not all functions of an ADC were incorporated into the virtual reality ADC. 

Only the functions vital to carry out the task delineated in the scenario were added to the 

ADC simulation.  
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Figure 6 ADC Functions Map. Functions are diagramed by how they are achieved in the 

software of an ADC. 

 

 

The next step was to construct a training simulation. The training simulation 

allowed the volunteers to familiarize themselves with the EON Reality software. It was 

designed according to necessary actions required within the ADC simulation.  
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The training simulation kept the same dynamics as the ADC simulation. Those 

dynamics included; a similar virtual environment, navigation, and interactions. The 

virtual room that was in the ADC simulation was used in the training simulation, but all 

extra 3D models were taken out of the room (See Figure 7). A simple virtual box with the 

same dimensions as an ADC was placed where the virtual ADC would have been. The 

camera/starting location for the training simulation was in the same location as it was in 

the ADC simulation. The same view transitions were presented to them. The volunteers 

used the arrow keys on the keyboard to move around. Items and objects that needed to be 

selected or clicked were done by pressing the left mouse button.  

 

 

Figure 7 Training Simulation. Screen capture of the beginning view in the simulation 

 

 

 

The development of both simulations was not without errors. They had to be 

understood and fixed so a usable simulation could be achieved for the experiment. The 

errors and their solutions are discussed in the next section.  
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Errors and Solutions 

 In the process of developing the simulation, four errors were encountered. They 

were incorrect texture maps, flashing geometry, move node error, and view transition 

error. This section describes these errors and the solutions that fixed them.    

While creating the 3D content of instruments, signage, and virtual ADC screens, 

an error occurred. The error was that the texture maps were displayed incorrectly. Only 

the 3D instruments had this error. The texture maps on the 3D instrument geometry in 

3DS Max 8 were properly arranged to replicate the real objects. However, when viewing 

them with EON Reality raptor or importing into EON Reality, the texture maps were 

rotated. This was corrected by mirroring or flipping the textures on the horizontal axis in 

Adobe Photoshop CS. The modified textures were then reapplied in 3DS Max 8, before 

putting the content into EON Reality to solve the error. 

The next error was a ‘flashing’ of geometry when a volunteer moved within the 

ADC simulation. Geometry seemed to disappear and then reappear when a volunteer was 

navigating around the simulation (See Figure 8). One idea was that the file size was too 

large. The correction was to limit the file size by removing all other geometry not 

required for the ADC simulation. The 3D model initially included multiple corridors 

from the geriatric center. These corridors were deleted and only the geometry essential to 

the simulation were left. The file size only dropped 0.3MB, and the ‘flashing’ geometry 

still remained. EON Reality support suggested the .png file format was being incorrectly 

displayed because of the large file size. In the EON Reality software, png file formats 

allow for transparency which could explain why the geometry was disappearing and then 
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reappearing. The final solution included using an override file format option, called DDS 

DXT1, within EON Reality Studio software. This option changed the previous .png 

(portable network graphics) texture maps to .dds (DirectDraw Surface) file format. The 

next error that occurred had to do with the ‘move’ feature in EON Reality.    

 

Figure 8 Flashing Geometry. Top, arrow points to missing cabinet and refrigerator door; 

Bottom, arrow points to missing cabinet and refrigerator door.  
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 The move node, a feature that acts as a ‘door’, moving geometry to a location, and 

then bringing it back to the original location, and two options. One option was to move 

the geometry according to its relative location within 3D space, or the other option was to 

move the geometry according to the absolute location of the 3D space. The option for 

relative movement when used would move the geometry incorrectly. After some 

troubleshooting, it did not seem to be moving the geometry by any specific factors. The 

solution was an adjustment of subtracting the objects’ absolute location from its current 

position in EON Reality Studio. The new coordinates were then added to the object to 

correct the error. The next error discussed deals with view transitions.   

  A camera changer in EON Reality Studio changed the volunteers’ position in 3d 

space, or in other words the view presented on the display, to a designated location set up 

by the researcher. The camera changer would change the view when the volunteer clicked 

with the mouse on the virtual ADC’s software screen for the first time. The volunteer was 

then positioned directly in front of the ADC. This ensured that the volunteer would see 

the ADC’s software’s screen, which was where the majority of the tasks were carried out. 

The view transition was put in place to ensure that if a volunteer had issues with 

navigation it would not affect whether or not the volunteer could finish the simulation. 

Since the prime focus of this experiment was the usability of the simulation based on the 

scenario, the issue of could the volunteer see the ADC software screen ranked higher than 

the issue of like the real world navigation within the simulation. The error with the 

camera changer was that it would not allow the volunteer to ‘walk’ or move with the 

mouse or joystick after the volunteer had switched views. However, the keyboard 
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functions did continue to work after the cameras’ position was changed. This was due to 

how EON Reality configured the camera changer. The decision to use the keyboard for 

navigation instead of a mouse or joystick fixed this error.  

 

System Usability Scale 

To evaluate the usability of the ADC simulation the SUS, or system usability 

scale, originally created by Digital Equipment Corporation, was used. The scale was 

modified for appropriateness of the experiment (See Appendix B). The SUS was chosen 

for this experiment because it addressed three aspects; effectiveness, efficiency, and 

satisfaction. The scale also has a high validity in multiple reviews (Brooke 1996, 189-

194). The next section discusses errors that were found while creating the ADC 

simulation. The next section describes the pilot test.   

 

Pilot Test  

The pilot test was carried out to determine if there were any ambiguous 

statements, directions, or tasks. An experienced nurse practitioner was asked to complete 

the training session, carry out the experimental task (described in the scenario) within the 

simulated ADC, and fill out the SUS questionnaire. Feedback from the pilot study was 

used to make a correction to the scenario (See Appendix C). The following sentence was 

added; “Normal saline flushes are in the lock box in the patients’ room. Assume you have 

collected the medication…”  
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The Experiment 

The volunteers for the experiment were nurse faculty and faculty associates from 

a large university who were currently engaged in clinical practice. An email was sent 

inviting interested persons to participate (See Appendix D). Fourteen nurses volunteered 

to participate in the experiment.  

 The experiment composed of using the training simulation, performing the 

experimental task in the ADC simulation, and completing the ten question SUS 

questionnaire. The training simulation was estimated to take no longer than five minutes 

to complete, the ADC simulation was estimated at fifteen minutes, and the survey was 

estimated at five minutes. On an average, the entire study was estimated to not take more 

than twenty five minutes to complete. The start of the study began with training in the 

VR desktop simulation.  

The training simulation was used to allow the volunteers familiarize themselves 

with navigation using the keyboard arrow keys, and clicking objects with the mouse. The 

training simulation was opened by the researcher. The volunteer was given as much time 

as needed to familiarize themselves with the simulation. The volunteer could ask 

questions, and repeat the simulation as many times as they felt necessary. The volunteers 

were given two tasks to complete within the training simulation. 

The instructions for the training simulation were visible on the screen (See Figure 

7). They described the two tasks and how to achieve them. The first task was to click on 

the area that said ‘click here’ (See Figure 7). This task prepared the volunteers on how 

they would click on the ADC screen within the ADC simulation to activate it. Once this 
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task was completed the volunteers’ location was repositioned so that they were in front of 

a rectangular 3D object that has the same dimensions as the virtual ADC (this was to 

replicate the movement that would be seen in the ADC simulation). The next task asked 

the volunteer to click on the red box (See Figure 9). To see the red box, the volunteer had 

to navigate to the side in the simulation by using the left arrow key on the keyboard.  

Once the first box was selected, the simulation prompted the volunteer to click on another 

color, and so forth until all the colored boxes had been selected. After completing the 

training simulation, the volunteers were asked to complete the experimental task within 

the ADC simulation. 

 

 

Figure 9 Training Simulation Task Two 

 

 

Before beginning the experimental task in the ADC simulation, a written version 

of the scenario was given to the volunteer (See Appendix C). This scenario explained the 

task that was to be completed. It described a patient, a dilemma, and a physician’s orders. 

The goal for the volunteers was to use the virtual reality ADC simulation as they would 
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do in a real life situation to collect the items necessary to fulfill the physician’s orders. 

The volunteer was given as much time as needed to complete the scenario’s task and the 

time was recorded. To collect the items and complete the task, the volunteer had to carry 

out a series of sub-tasks that included logging into the virtual ADC software, selecting 

the required items, and logging out.  

The first sub-task in the simulation was for the volunteer to virtually walk up to 

the ADC. It can be seen in Appendix E with all subtask screen captured images. This was 

done using the arrow keys on the keyboard. The second was to activate the ADC 

software. To complete this, the volunteer used the mouse to click on the virtual screen of 

the ADC. The third was to login to the ADC software. Accomplishing this subtask 

required the volunteer to click the virtual keyboard with the mouse, click in the text box, 

type their user name, and click the finger print identification swipe. The fourth was to 

click the take and return option on the ADC software’s touch screen in the ADC 

simulation. Sub-task five had the volunteer select a patient to vend for from the list on the 

ADC’s screen, and then click the ‘select items’ button. The sixth sub-task was the 

take/return concept. This concept included having the volunteer click a virtual door with 

the mouse to open it, and then click on the take buttons located directly below the items 

to fulfill the scenario. Sub-task seven was for the volunteer to close the open doors. The 

eighth, or final sub-task, was to close the ADC software by clicking on the exit button on 

the screen. When the volunteers said they were finished, they were asked to complete the 

SUS questionnaire. The findings from the SUS questionnaire are discussed in chapter 

four.   
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CHAPTER IV 

RESULTS 

 

 This chapter analyzes the data collected using the methodology described in 

chapter three. The data that was collected in three forms: volunteers’ responses to the 

survey, recorded completion times, and informal observations by the researcher. The data 

was collected to answer two research questions. The first was ‘does a low-fidelity 

desktop virtual reality ADC have acceptable usability scores?’, and the second was ‘do 

higher SUS scores mean fast completion times?’ The expected response was yes to both 

questions. The first research question used the SUS score from the volunteers’ 

questionnaires and informal observations, and the second question was answered by 

determining if there was a relationship between time and SUS score.   

 

Data Comparison 

The SUS score is “a single number representing a composite measure of the 

overall usability” (Brooke 1996, 189-194). The scores can range from 0-100. For this 

experiment the range was from 10-85. The median score was 43.75, the mean score was 

48.21, the mode was 35, and standard deviation was 19.74. The general or more widely 

accepted evaluation of a SUS score is to apply a grade scale like the one commonly used 

in education, where an A is 90 to 100, B is 80 to 89, and etc. A less common, but equally 

validated, evaluation is separated into below 50, between 50 and 70, and above 70. Below 
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50 is considered unacceptable. The scores between 50 and 70 are the marginal scores. 

Any score above 70 is considered acceptable. The marginal scores mean that there was 

still room for improvement. However, depending on the field in which it was used it 

could be acceptable or unacceptable. This experiment used the standard of 70 or above as 

acceptable in accordance with the findings from Bangor, Kortum, and Miller (2008, 574-

594). As can be seen on Figure 10 the Graph of SUS Scores, 57% of the volunteers rated 

the simulation as not usable. A total of 29% fell within the marginal zone and 14% above 

70. In total, there were 43% of volunteers that rated the simulation above 50. The next 

step was to see how the SUS scores for an ADC compare to the acceptable levels.  

A two-tailed t test compared the mean value of the volunteers’ SUS scores to the 

acceptable score of 70 (See Table 1). The analysis showed that there was a significant 

difference between the mean of the sample and the acceptable SUS score, t(13) = - 4.129, 

p < .001. The mean SUS score was below the acceptable range, and usability was not 

achieved.   
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Figure 10 Graph of SUS Scores 

 

Table 1 One-Sample Statistics and T Test of SUS Scores  

(Sig. (2-tailed) displays a probability from the t distribution) 

 

 N Mean Std. Deviation Std. Error Mean 

SUS Score 14 48.2143 19.74424 5.27687 

 

Test Value = 70 

t df Sig. (2-tailed) Mean Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

SUS Score - 4.129 13 .001 -21.78571 -33.1857 -10.3857 
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Table 3 lists all 10 questions from the SUS questionnaire, corresponding 

averages, and percentages of volunteers with the same responses. Question 5 and 6 dealt 

specifically with the perceived comparisons between the real and the ADC simulation. 

The ADC simulation would have had acceptable usability if the SUS scores were 

acceptable, and questions 5 & 6 had strong responses descriptively speaking. Regarding 

question 5, half of the volunteers agreed to it. This was greater than the number that 

disagreed, and the number who had no preference. Thus, slightly more people agreed that 

the simulation had functioned in a manner similar to a real ADC. Question 6 asked the 

volunteers if they found the simulation to be inconsistent to a real ADC. Over half 

disagreed to question 6. This indicates that more volunteers disagreed with the question 

and found the simulation to be consistent with a real ADC. 

Question 5 and 6 showed a slight preference for the simulation. However, a t test 

performed on the SUS scores showed that the mean of the volunteers differed than the 

acceptable range for means. Thus, the results suggest that the usability of the ADC 

simulation was not acceptable.  

The other research question was to see if a volunteer with faster completion times 

also had a higher SUS score. A Pearson’s correlation coefficient was computed to 

characterize the relationship between the SUS scores and completion times (See Table 2 

and Figure 11). The data showed that r was negative and that the correlation was not 

statistically significant (r = - .13, p = .658).  
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Table 2 Correlations Between SUS Scores and Time 

 

 SUS Score Time 

SUS Score Pearson Correlation 1 -.130 

Sig. (2-tailed)  .658 

N 14 14 

Time Pearson Correlation -.130 1 

Sig. (2-tailed) .658  

N 14 14 

 

 

Figure 11 Graph of SUS Scores and Completion Times in Seconds 
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A general debate concerning usability questionnaires is if generalizations about a 

system as a whole can be determined from individual questions or if the composite 

usability score is needed (Bangor, Kortum, and Miller 2008, 574-594; Lewis and Sauro 

2009). Overall, there was a higher percentage of volunteers who felt they would like to 

use the simulation often, that others would learn it very quickly, and that it had accurate 

functions. However, there was also a high number that said it was difficult to use.  

More volunteers agreed to question 10 than any other question (9 out of 14). It asked the 

volunteers if they felt they needed to learn a lot before they could get going with the 

simulation (See Table 3). This could be in part of the fact that the volunteers were asked 

to use a training simulation beforehand. One could categorize the training simulation as 

an aspect that would fall under ‘learning’. However, the responses to questions 7 

contradicted this. The volunteers might have felt others would have learned the 

simulation easily because they themselves were not computer savvy. The next section 

discusses the informal observations noticed by the researcher.   
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Table 3 Questions with Responses 

 

Questions         

Strongly 

Disagree 

Answer=1 

Somewhat 

Disagree 

Answer=2 

Neutral 
(Did Not 

Disagree or 

Agree) 
Answer=3 

Somewhat 

Agree 

Answer=4 

Strongly 

Agree 

Answer=5 

Average 
Answer 

Median 
Answer 

Mode 
Answer 

1. I think I would 
like to use this 

ADC simulation 

frequently. 

1   (7 %) 2   (14 %) 5   (36 %) 4   (29 %) 2   (14%) 3.29 3 3 

2. I found the 

ADC simulation 

unnecessarily 
complex. 

0   (0 %) 4   (29 %) 2   (14 %) 7   (50 %) 1   (7 %) 3.36 4 4 

3. I found the 

ADC simulation 
easy to use.  

2   (14 %) 6   (43 %) 3   (21 %) 3   (21 %) 0   (0 %) 2.5 2 2 

4. I think that I 

would need the 

support of a 
technical person 

to be able to use 

this ADC 
simulation. 

1   (7 %) 2   (14 %) 5   (36 %) 2   (14 %) 4   (29 %) 3.43 3 3 

5. I found that the 

simulation had 
accurate 

functions when 

compared to a 
real ADC. 

1   (7 %) 2   (14 %) 4   (29 %) 3   (21 %) 4   (29 %) 3.5 3.5 5 

6. I found the 

simulation was 

inconsistent to a 
real ADC. 

2   (14 %) 6   (43 %) 5   (36 %) 0   (0 %) 1   (7 %) 2.43 2 2 

7. I think that 

most people will 
be able to learn to 

use the simulated 

ADC very 
quickly. 

0   (0 %) 2   (14 %) 4   (29 %) 7   (50 %) 1   (7 %) 3.5 4 4 

8. I thought the 

simulated ADC 
was difficult to 

use. 

2   (14 %) 2   (14 %) 3   (21 %) 5   (36 %) 2   (14 %) 3.21 3.5 4 

9. I felt confident 

in using the 
simulated ADC. 

2   (14 %) 4   (29 %) 6   (43 %) 1   (7 %) 1   (7 %) 2.64 3 3 

10. I needed to 

learn a lot before 
I could get going 

with this ADC 

simulation. 

1   (7 %) 1   (7 %) 3   (21 %) 5   (36 %) 4   (29 %) 3.71 4 4 
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Observations of Volunteer Behavior in the ADC Simulation 

The researcher noticed four behaviors that either all or most of the volunteers 

displayed. They are as follows: initially did not click the virtual keyboard, initially did 

not click in the text box, tried to click on the ‘find item’ button, and did not open the 

virtual doors. This section describes these observations in detail.  

The first common behavior was that the volunteers exhibited difficulty logging 

onto the ADC software screen in the simulation. A lot of the volunteers did not click on 

the roll out virtual keyboard on the first click of the mouse. The subtask that included 

clicking the keyboard before the volunteer could login was added to the simulation to 

correspond to the real ADC. The keyboard in the real world ADC was on a roll out panel 

(See Figure 12). The reason most volunteers might have initially missed this virtual task 

can be contributed to the fact that they were already sitting in front of a functional real 

keyboard. An additional virtual keyboard might have been ambiguous. There was also a 

feature in the real ADC that allowed the volunteer to use a touch screen keyboard. This 

feature was disabled in lieu of the idea that most people are more familiar with a real 

keyboard and would opt out of using a touch screen keyboard. This is an important issue 

to be considered when creating desktop virtual reality simulations. Virtual replication of 

input devices that are physically being used can cause confusion.  
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Figure 12 ADC Roll Out Keyboard. Top, keyboard is not out; Bottom, keyboard is rolled 

out.  

 

The next observation was that many volunteers tried to start typing their login 

name without clicking in the text box first. It was quickly remedied when the volunteers 

realized the text was not being registered in the simulation. When they noticed, they 
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clicked in the text box and retyped their login information. This might have occurred 

because in the real ADC the volunteer could freely start typing when the login screen 

showed up. However, this was not the case in this simulation because EON Reality did 

not have that capability associated with the input text box feature. The volunteer had to 

click in the text box to make it active for use.  

Another common behavior was that the majority of volunteers clicked on the ‘find 

item’ button that was located on the ‘vend for’ virtual ADC software screen page. This 

button was not active in the simulation because the virtual ADC cabinet was not 

completely full. There was only one out of the seven possible cabinet doors filled with 

supplies. The ’find item’ button, if activated, would have allowed the volunteer to 

visually see where the supply or medicine was located with a flashing green light that 

was located directly under the item needed. The high number of volunteers clicking on 

the ‘find item’ button could contribute to a lower usability score for the simulation.  

The fourth observation was that none of the volunteers opened the virtual doors of 

the ADC machine before they started selecting items. Perhaps they did not notice the 

doors because the items were visible behind the virtual glass doors. When they tried to 

click on the first items’ take button it caused the ADC door to open instead of selecting 

the item. When the volunteer noticed that the first item had not been registered on the 

virtual ADC software screen, the volunteer went back and clicked the take button again 

for that specific item. This might be attributed to the fact that the virtual glass doors were 

not realistic enough for the volunteer to heed the ADC as having doors. Or it could have 

been because opening the door for a real ADC in itself was a subconscious action. The 
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volunteer might have overlooked this task also because it was a minor task to the function 

of an ADC main goals; dispensing. All the volunteers failed to close the virtual doors as 

well. A few, after logging out of the virtual ADC software, would continue to move 

around in the simulation and would notice the door standing ajar and then try to close it.  
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CHAPTER V 

CONCLUSION 

 

Virtual reality (VR) in nursing education is an important field that needs more 

research (News Center 2011). Virtual Reality has already been deemed an effective 

training tool (Ausburn and Ausburn 2004; Molina, Pérez, and Pérez 2007, 545-550). VR 

simulations have been debated as to how they should be evaluated appropriately across 

all fields of study (Ausburn and Ausburn 2004; Baggerman 2009, 161-181). There is 

currently no standard for evaluation. Creating an effective virtual teaching tool has many 

steps. The first step described in this experiment was to construct a comparable platform 

to the real world. Currently, there are not any educational requirements for operating an 

ADC. Nurses receive on the job training. Would there be fewer mistakes involving 

ADC’s if there was pre-training, or education required for people whose jobs require 

them to use an ADC?  

A virtual reality simulation should be based on what outcome is needed, or what 

the user of the simulation should learn/retain (Brooke 1996, 189-194; Molina, Pérez, and 

Pérez 2007, 545-550).  This thesis’s research objectives were to investigate if a low-

fidelity desktop virtual reality simulation of an ADC could have acceptable usability 

scores, and to see if there was any correlation between the times it took the volunteers to 

complete the experimental task in the simulation and their SUS score. In this chapter the 

evaluation of the simulation, limitations, and ideas for future experiments are discussed.  
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Creating a Desktop Virtual Reality of an ADC 

The experiment would have been a success if usability scores were acceptable and 

the results from question 5 was high (agreeing) and question 6 was low (not agreeing). 

Careful scrutiny of the data revealed below acceptable usability scores. Even though 

question 5 and question 6 were in favor of the simulation performing like a real ADC, it 

was not statistically validated. Some of the reasons for this ambiguity are discussed next.  

 

Reproducing an ADC into a Desktop Virtual Reality  

The EON Reality software responded in a manner similar to a website. Certain 

features of the software were strictly view dependent. This means that the feature in 

question had to take into consideration the resolution of the screen it was being viewed 

on, just as a website will look slightly different on a different sized screen. The text fields 

in EON Reality studio responded the same as a search box on a website. The mouse had 

to be clicked in the text field before it would activate. This created a minor difference 

between the simulation and the real ADC. In the real ADC the volunteer could start 

typing immediately. EON Reality Studio may not have been the best software selection 

for this experiment. A possible solution for this issue could be acquiring knowledge in 

Visual Basic, the language that EON Reality uses, and to rewrite the code in which the 

text field responds. In addition, all of the volunteers ignored the virtual ADC doors. More 

research would be needed to understand why the volunteers failed to open or close the 

doors.  
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Performing Real World Task in a Desktop Virtual Reality  

The second sub-task, clicking on the virtual keyboard, caused the volunteers to 

have trouble getting started in the ADC simulation. They failed to realize it was 

necessary to continue. Eliminating this need or incorporating a virtual only keyboard, 

where the volunteer would have to click on the virtual keyboard with the mouse to enter 

in the login user name, could be a solution. Another idea could be setting up the desktop 

computer in a location with a desk that has a roll out panel to place a keyboard on. In this 

solution the researcher would make sure the panel was rolled in before each volunteer 

used the ADC simulation.  A couple of the volunteers, when they were confused in how 

to proceed, would try pushing with their fingers on the desktop screen. Another addition 

to the ADC simulation could be the ‘find item’ button. Since a lot of the volunteers tried 

clicking on this button to use the feature it provided, does it mean that if it was 

incorporated into the ADC simulation the SUS scores would have been higher? Or would 

question 5 have more volunteers ranking it higher, and question 6 have more volunteers 

ranking it lower? 

 

Limitations and Future Studies  

 Hardware used with the ADC simulation was a standard dell computer, keyboard, 

and mouse. Limitations associated with using a desktop for virtual reality simulations is 

the concern of immersion (Ausburn and Ausburn 2004; Tait 1992). On the other hand, 

literature states that immersion is not always necessary for a simulation to be useful in 
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training (Ausburn and Ausburn 2004; Molina, Pérez, and Pérez 2007, 545-550). Future 

studies could incorporate different levels of immersion to see if it is needed for the 

usability of an ADC simulation.   

EON Reality Studio had a few limitations in regards to creating a simulation of an 

ADC. Chapter four listed the limitations of EON Reality in detail. The first dealt with 

camera changer and the second the text box feature. A camera changer was used in the 

ADC simulation to make sure the volunteers would be able to see the virtual screen. The 

limitation of the camera changer in EON Reality was that it would not let the volunteers 

‘walk’ after the camera changer had been activated. Hence, the keyboard was used for 

navigation. The second, the text field in EON Reality, required a volunteer to actively 

click in the text box to be able to type within it. Ultimately another limitation was the 

need for heavy scripting knowledge to manipulate either of these EON Reality features.  

The volunteers were selected for having experience with a real ADC. This will 

ensure that the experiment will avoid complications from different designs or functions 

from different manufacturers. Also, since the volunteers would have knowledge of a real 

ADC, it gave the experiment a control to test against. However, this also might have 

given them a high expectation of the ADC simulation and therefore was dissatisfied with 

the low-fidelity simulation that was presented to them. This limitation could contribute to 

them rating the simulation with a low SUS score.  

An additional limitation to this study was the small number of participants. 

Volunteers were few and hard to find. Having a limited number of participants could 

have caused an incorrectly represented data sample. Using students or offering an 
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incentive to participate might be a solution to the limited number of volunteers. Another 

way to help justify if the sample selection was a true sample could be by collecting 

background information about the volunteers. 

Background information questions that could be included in future studies are 

general demographics and experience details. General demographics about the volunteers 

would be useful for this experiment. Initially this info was not collected because they 

seemed irrelevant to the task at hand. During the experiment, a few of the volunteers had 

complications with understanding tasks and communicating effectively. Additional 

information that should be collected are; age, general computer knowledge, how often 

they use the computer, what they use a computer for, how long have they been a nurse, 

how long have they been using ADC’s, how long they had been using the ADC model 

used in the experiment, and their experience level with an ADC. A lot of volunteers 

stated they had a hard or difficult time using the ADC simulation. Questions that could 

have been answered with background questions are how many of those same volunteers 

have issues with computers in general, or ADCs? The time it took for the volunteers to 

complete the ADC simulation could be compared to the time it would take the same 

volunteer to complete the same task in the real environment. That could help answer 

questions and give the experiment additional quantitative data to analyze. The problems 

listed in reproducing a virtual ADC and performing tasks in the ADC simulation should 

be addressed in future studies.   

This thesis set out to create a virtual reality simulation of an ADC and measure its 

usability for possible integration into nursing education. The simulation did not meet the 
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standards. Nevertheless, the experiment can be used to assist future developments of 

medical computer simulations and those that would want to use simulations for nursing 

education and training.  
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APPENDIX A 

ORIGINAL SCENARIO 

 

 

Joe Sims, 16 years old, is admitted to the emergency room complaining of pain rated as 

an 8 (on a 1-10 scale) located in his right lower quadrant. The Physician has ordered 

1000ml of RL to infuse at 250ml/hour and Amikacin 750 MG IVPB STAT while Joe is 

prepared for surgery. Along with a 1000ml bag of RL, select the appropriate items from 

the automatic dispensing cabinet needed to initiate the IV therapy. 
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APPENDIX B 

SUS MODIFIED SURVEY 

Questionnaire 

Participation in this research project is strictly voluntary. If at any time you no longer 

want to continue with the research there will be no penalty. Withdrawing at any stage is 

acceptable, including skipping questions, or stopping before completion.  This 

questionnaire on average should take 5 minutes.  

Your answers to the questionnaire will not be identifiable by name. Only Dr. Saif Haq or 

the researcher, Colleen Linn, will see your answers. Any publication of this research 

project will not list names of the participants.  

Dr. Saif Haq will answer any questions you have about the study. For questions about 

your rights as a subject or about injuries caused by this research, contact the Texas Tech 

University Institutional Review Board for the Protection of Human Subjects, Office of 

Research Services, Texas Tech University, Lubbock, Texas 79409. Or you can call 

(806)742-3884. 

Please circle only one number. The rankings for each question is from 1, strongly 

disagree, to 5, strongly agree. Please return this questionnaire to the researcher when you 

are finished.    

 

 

 

       Strongly            Strongly 

       Disagree                                Agree 

 

1. I think I would like to use this ADC               1            2            3            4            5 

simulation frequently. 

 

 

2. I found the ADC simulation unnecessarily     1            2            3            4            5 

      complex.  

 

 

3. I found the ADC simulation easy to use.         1            2            3            4            5 

 

 

4. I think that I would need the support of a        1            2            3            4            5 

technical person to be able to use this ADC                                                   

simulation. 
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5. I found that the simulation had accurate          1            2            3            4            5 

functions when compared to a real ADC. 

 

 

6. I found the simulation was inconsistent to       1            2            3            4            5 

a real ADC.  

 

 

7. I think that most people will be able to learn   1            2            3            4            5 

to use the simulated ADC very quickly.  

 

 

8. I thought the simulated ADC was difficult      1            2            3            4            5 

to use.  

 

 

9. I felt confident in using the simulated ADC.   1            2            3            4            5 

 

 

10. I needed to learn a lot before I could get         1            2            3            4            5 

going with this ADC simulation.  
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APPENDIX C 

SCENARIO AFTER PILOT TEST 

 Joe Sims, 16 years old, is admitted to the emergency room complaining of pain 

rated as an 8 (on a 1-10 scale) located in his right lower quadrant. The Physician has 

ordered 1000ml of RL (Ringer’s lactate solution) to infuse at 250ml/hour and Amikacin 

750 MG IVPB STAT while Joe is prepared for surgery. Normal saline flushes are in the 

lock box in the patients’ room. Assume you have collected the medication now select 

the appropriate items from the automatic dispensing cabinet needed to initiate the IV 

therapy.  
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APPENDIX D 

EMAILS TO SOLICIT VOLUNTEERS 

 

Email to Faculty: 

To faculty and faculty associates from Lubbock campus who are currently engaged in 

clinic practice:  

We’d like to welcome you to participate as a volunteer in a research project. The research 

project titled “Desktop Virtual Reality: Step One” is composed of three parts. In the first 

part you will be asked to use a training virtual reality simulation on a desktop computer. 

This simulation will help you get familiar with navigation and tasks within the program. 

During the second part you will be asked to use a virtual reality simulation of an 

automatic dispensing cabinet (ADC, or more commonly known as a Pyxis). A general 

real life task will be given to you to complete in this virtual reality simulation. Lastly, you 

will be asked to complete a 5 min survey. The research project will take place in the F. 

Marie Hall SimLife center in office room 371. Please make an appointment by emailing 

Meghan Reid, M.S. Section Coordinator Administrative Assistant to Sharon Decker at 

meghan.reid@ttuhsc.edu. Dates available will be stated upon approval of IRB. There will 

not be any financial compensation to anyone that participates.  

Sincerely,  

Dr. Sharon Decker 

 

 

Email to TNA: 

To members of the Texas Nurses Association district 18 who are currently engaged in 

clinic practice: 

We’d like to welcome you to participate as a volunteer in a research project. The research 

project titled “Desktop Virtual Reality: Step One” is composed of three parts. In the first 

part you will be asked to use a training virtual reality simulation on a desktop computer. 

This simulation will help you get familiar with navigation and tasks within the program. 

During the second part you will be asked to use a virtual reality simulation of an 

automatic dispensing cabinet (ADC, or more commonly known as a Pyxis). A general 

real life task will be given to you to complete in this virtual reality simulation. Lastly, you 

will be asked to complete a 5 minute survey. The research project will take place in the F. 

Marie Hall SimLife center in office room 371. Please make an appointment by emailing 

Meghan Reid, M.S. Section Coordinator Administrative Assistant to Sharon Decker at 

meghan.reid@ttuhsc.edu. Dates available will be stated upon approval of IRB. There will 

not be any financial compensation to anyone that participates.  

Sincerely,  

Dr. Sharon Decker 

 

mailto:meghan.reid@ttuhsc.edu
mailto:meghan.reid@ttuhsc.edu
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APPENDIX E 

SUBTASKS’ SCREEN CAPTURED IMAGES 

 

Circles in the images denote the location in the simulation that volunteer needed to click 

or type to proceed to the next subtask. 

 

 
 

Figure 13 Start of Simulation. This is a screen capture of what the volunteer first saw. 
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Figure 14 Subtask One. The volunteer walked up to the ADC. 

 

Figure 15 Subtask Two. The volunteer activated the ADC. 
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Figure 16 Subtask Three. The volunteer logged into the ADC. 

 

Figure 17 Subtask Four. The volunteer selected the take/return option in the ADC. 
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Figure 18 Subtask Five. The volunteer selected the patient in the ADC.

 

Figure 19 Subtask Six A. The volunteer selected the items for the scenario. 
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Figure 20 Subtask Six B. The volunteer selected the items for the scenario. 

 
 

Figure 21 Subtask Seven. The volunteer closed the ADC door. 
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Figure 22 Subtask Eight. The volunteer exited the ADC software. 

 

 

 

 


