
Improving skills related to medical equipment

An interactive computer training simulation
Gordon L. Voigt

Delft University of Technology
Faculty of Mechanical, Maritime and Materials Engineering

Department of BioMedical Engineering
Student number: 1066781

10th November 2010

Final thesis 3ME



Abstract

Background : Incidents with medical equipment have been observed by several studies [23, 5], and
the lack of proper training has been identified as one of the main reasons for the occurrence of
these errors [5]. Providing proper training is costly and logistically problematic for hospitals. Si-
mulations can successfully resolve some of these problems, as has been proven in aviation and
surgeons’ laparoscopic skills training [6]. The aim of this study is to develop a simulation meant to
train tasks related to operating medical equipment and to establish content-, face-, and concurrent
validity for this simulation.
Methods: An interactive simulation of an electrosurgical device was developed to enable users to
practice procedural and cognitive tasks on a computer. This gives the users the ability to indepen-
dently learn by doing. Content validity was established by asking 2 experts’ opinion concerning
the content of the simulation. A total of 18 certified operating room nurses participated in this
research. The participants were divided into two groups: (1) Simulation Trained (ST) and (2) Real
life Trained (RT). The ST group received 2 training sessions with the simulation, whilst the RT
group received a traditional hands on training. Before the ST group started using the simulation
the goals, content, and features of the simulation were explained. To determine face validity they
were asked to answer 16 structured questions concerning their first impression, training capacities,
and statements regarding the simulation (face validity). These questions could be ranked on a
mark ranging from 1 = very bad/useless to 5 = excellent/very useful and the statements had to
be answered with “agree”, “disagree”, or “no opinion”. To determine concurrent validity all par-
ticipants were individually tested on their skills, related to en electrosurgical device, prior to, and
after, having received their corresponding additional training. Errors were tallied and categorized
into 3 types: (1) connection, (2) identification, and (3) procedural errors, using an assessment
form. The results of the pre- and post test of ST group were compared with that of the RT group.
Results: Experts agreed that the content of the simulation complied with the reality. The results
of the questionnaire show that the nurses rated the training capacities of the simulation and their
first impression between a mean value of 4.0 for user friendliness and 4.4 for appearance and design
of the software. In response to statements, 8 out of 9 participants (88%) considered this simulation
useful for training procedural tasks related to the medical device, and all participants agreed that
the simulation was useful to train identification tasks. During the experiment a reduction of 7
errors was observed for the ST group after having received the simulation training (p = 0.038).
The RT group made 4 errors less after having received their additional training (p = 0.257).
Conclusions: Content-, face-, and concurrent-validity of the developed simulation has been establi-
shed. OR nurses considered the simulation useful for training tasks related to the electro-surgical
device. Participants of the ST group significantly improved their performance, while this was not
the case for the RT group.

1



Contents

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

List of figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

List of tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1 Introduction 9

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.2 Problem statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.3 Scope and objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4 Document overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2 Literature review 11

2.1 Errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.1.1 Concept of errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.1.2 Occurrence of errors in surgery . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.1.3 Factors influencing surgical error . . . . . . . . . . . . . . . . . . . . . . . . 13

2.1.4 Error prevention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2 Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2.1 Dreyfus’ five stage model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2.2 Anderson’s model of adaptive control of thought . . . . . . . . . . . . . . . 16

2.3 Learning Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3.1 Apprenticeship model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3.2 Adult learning theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3.3 Constructivism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 Simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.4.1 Potential benefits simulation training . . . . . . . . . . . . . . . . . . . . . . 20

2.4.2 Features of simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.4.3 Quality criteria for Computer Simulations . . . . . . . . . . . . . . . . . . . 24

2.5 Process of simulation development . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2



3 Simulation design process 29

3.1 The need . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.2 Content specification an task analysis . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.2.1 Medical Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.2.2 Task inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.3 Instructional framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.4 Assessment strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.5 Media selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.6 Simulation production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.6.1 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.6.2 Freestyle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.6.3 Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4 Evaluation method 39

4.1 Target group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.2 Content validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.3 Face validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.3.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.4 Concurrent validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.4.1 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

5 Results 43

5.1 Content validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.2 Face Validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.2.1 Questionnaire results part 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.2.2 Questionnaire results part 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.3 Concurrent validity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.3.1 Real life Trained group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

5.3.2 Simulation Trained group . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5.3.3 Simulation training versus real life training . . . . . . . . . . . . . . . . . . 48

5.3.4 Errors per power modi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3



6 Discussion 50

7 Conclusion and Recommendations 54

8 References and Bibliography 55

A APPENDIX: Theory slides simulation 58

B APPENDIX: Individual performance results 61

4



List of Figures

2.1 Rasmussens Skill, Rule & Knowledge model and Reasons Generic Error-Modeling
System [29] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2 Swis cheese model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.3 Model of factors influencing surgical errors . . . . . . . . . . . . . . . . . . . . . . 13

2.4 Dreyfus’ five-stage model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.5 Anderson’s model of Adaptive Control of thought . . . . . . . . . . . . . . . . . . . 16

2.6 Kolb’s learning styles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.7 The E-learning continuum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.8 Reality-Virtuality (RV) Continuum . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.9 Types of Virtual Reality systems [52] . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.10 “Scaffolding”: Decreasing feedback while increasing difficulty . . . . . . . . . . . . . 25

2.11 Epics description of the e-learning development cycle. . . . . . . . . . . . . . . . . 26

3.1 The ForceTriad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.2 Start up screen simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

3.3 Simulation theory presentations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.4 Pictures of monopolar adapter with different backgrounds . . . . . . . . . . . . . . 34

3.5 Pictures of monopolar laparoscopic cable with different backgrounds . . . . . . . . . 35

3.6 Screenshot Simulation during Freestyle . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.7 Screenshot Simulation during Training at Beginner level . . . . . . . . . . . . . . . 36

3.8 Screenshot feedback during Simulation . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.9 Screenshot Simulation during Training at Proficient level . . . . . . . . . . . . . . 37

3.10 Screenshot of feedback pop-up during proficient training . . . . . . . . . . . . . . . 38

4.1 Simulation training set-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

5.1 Errors observed during pre- and post tests . . . . . . . . . . . . . . . . . . . . . . . 45

5.2 Pre-Errors made by each individual . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.3 Post-Errors made by each individual . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.4 Pre- and Post errors RT group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

5.5 Pre-Errors made by each individual, RT group . . . . . . . . . . . . . . . . . . . . 46

5.6 Post-Errors made by each individual, RT group . . . . . . . . . . . . . . . . . . . . 46

5.7 Pre- and Post errors ST group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5



5.8 Pre-Errors made by each individual, ST group . . . . . . . . . . . . . . . . . . . . . 47

5.9 Post-Errors made by each individual, ST group . . . . . . . . . . . . . . . . . . . . 47

5.10 Pre- and Post errors of the RT and ST group . . . . . . . . . . . . . . . . . . . . . 48

5.11 Number of errors per power mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

6.1 ST Group results including and excluding adapter error . . . . . . . . . . . . . . . 52

6.2 RT Group results including and excluding adapter error . . . . . . . . . . . . . . . 53

A.1 Theoryslide 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

A.2 Theoryslide 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

A.3 Theoryslide 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

A.4 Theoryslide 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

A.5 Theoryslide 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

B.6 Errors nurse 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

B.7 Errors nurse 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

B.8 Errors nurse 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

B.9 Errors nurse 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

B.10 Errors nurse 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

B.11 Errors nurse 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

B.12 Errors nurse 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

B.13 Errors nurse 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

B.14 Errors nurse 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

B.15 Error nurse 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

B.16 Errors nurse 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

B.17 Errors nurse 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

B.18 Errors nurse 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

B.19 Errors nurse 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

B.20 Errors nurse 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

B.21 Errors nurse 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

B.22 Errors nurse 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

B.23 Errors nurse 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

6



List of Tables

3.1 Task inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.2 Specification overview Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.1 Target group characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.2 Questionnaire Face validity part 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.3 Questionnaire Face validity part 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

5.1 Results Part 1 Face validity Questionnaire . . . . . . . . . . . . . . . . . . . . . . . 43

5.2 Results Part 2 Face validity Questionnaire . . . . . . . . . . . . . . . . . . . . . . . 44

5.3 ST and RT group error scores for Pre- and Post test . . . . . . . . . . . . . . . . . 48

7



Acknowledgments

This report marks , not only the end, but also the beginning of an era in my life. I was fortunate
enough to enjoy the possibility of following an education and for that I would like to thank my
loving, and always supportive, parents Louis Voigt and Judith Voigt. Their believe in me gave
me the purseverance to succesfully complete this chapter in my life. I am grateful to Jenny and
Diederick for their guidance and advise during this research. It is an honor for me to especially
thank Martie van Beuzekom from the Leids University Medical Centre (LUMC) for her support
and opening doors which, without her, would still be closed. Also I would like to thank the
IcySolutions crew: Hicham, Arjen, and Tarek for the care with which they reviewed my numerous
concept reports; and for conversations that clarified my thinking on this and other matters. Their
friendship, personal guidance, and professional collaboration meant a great deal to me. My brother,
Donovan, my sister, Marsha, and my niece, Rachelle also provided spiritual support at critical and
opportune times: my thanks to them too. A colleague student graciously allowed me to use some
of his material as illustrations and examples in the first concepts of this report. In this regard,
I am indebted to Boaz Ruijf. I would also like to show my gratitude to Yvonne and Saskia for
making my experiments and observations possible at the LUMC. Arma and Charlie provided me
with lot of support making it possible for me to fully focus on my study. Thank you! Last, but
certainly not least, I would like to show my appreciation to the love of my life: Dewy. Thank you
for putting up with me those long, and sometimes frustrating, nights. I love you!

8



1 INTRODUCTION

1 Introduction

1.1 Background

Making errors is a part of normal human behavior [1]. However, when errors have significant
consequences or occur in high risk industries they become of paramount importance. Health care
is such a high risk industry where making errors can lead to human suffering and even death. The
report “To Err is Human, Building a Safer Health System” emphasized the occurrence of errors
in medicine [2]. It is estimated that each year at least 44,000 people die as a result of medical
errors in the United States, but this number may be as high as 98,000 [2]. Thus, even when the
lower estimate is used, more people die in one year as a result of a medical error than from motor
vehicle accidents. Another study [3] quantified that 10% of hospitalized patients are effected by
medical error. One of the most common sites where these errors occur is the operating room
(OR). As many as 50% of the errors that occur in healthcare are believed to be surgery related [3].
Different factors, which can cause human error in the OR, have been identified and categories often
mentioned as conditions for human errors include: Task requirements (e.g. prolonged attention
required), bad ergonomics (e.g. lack of standardization of control parts), and workplace lay-out
(e.g. bad equipment attainability) [5]. However, the lack of proper training is the most commonly
mentioned condition for the occurrence of errors [5]. Current training for OR personnel is still
largely mired in the 100-year-old apprenticeship model best exemplified by the phase “see one, do
one, teach one”. Personnel is trained during actual procedures and could compromise patient safety.
Evidence is mounting that this, long-established, approach to training is no longer acceptable in
the current ethical and professional climate.

1.2 Problem statement

This creates opportunities for alternative approaches of the traditional “learning by doing” training
method in clinical context. A good example of this development is the variety of virtual reality
(VR) simulators available for the training of surgeons’ psychomotor skills for laparoscopic surgery.
These simulators have proven to be successful [6] and are becoming increasingly implemented in
surgeons’ training curricula. Other examples, of alternative approaches to training in health care,
include the use of mannequins for intubation and communication training and role-play for different
procedures like baby delivery1. Both of these training methods are aimed at increasing training
frequency in a safe manner by applying the traditional way of learning by doing outside the OR.
However, no additional training is available for skills related to handling medical equipment. Er-
rors related to medical equipment have been observed by James Cooper [5] which examined 1089
critical incidents in the field of anesthetics. Another study by Verdaasdonk [23] quantified errors
related to medical laparoscopic equipment and found that in 87% of the observed procedures 1
or more errors occur with medical devices. This situation is still of present interest as a national
study conducted by the Dutch Health Inspectorate [7] in 2002 concluded that 50% of the 100 visi-
ted hospitals lack quality guidelines for introducing new equipment. Illustrative of the situation is
that none of the hospitals considered attendance at the introduction of a new device compulsory.
A follow-up study in 2005 reasserted most of the findings of the previous study.
Not all incidents in healthcare, like those with medical equipment, lead to adverse events which
directly endanger the patient’s health. For this reason, most incidents seem to have no conse-
quence at all, but if multiple errors occur at the same time or in sequence, the result can be an
adverse event. In a study conducted by James Reason [30], the system approach was used to study
major adverse events and accidents. He concluded that seemingly unimportant incidents occur
prior to major accidents or adverse events [30]. As mentioned, the lack of proper training has been
identified as one of the main conditions for the occurrence of medical errors. Therefore it is impor-
tant to identify the components of the current teaching and training methods applied in health care:

1www.MedSim.nl

9



1.3 Scope and objectives 1 INTRODUCTION

Current education and training in health care
Most health care personnel follow a vocational study, which is a combination of work and tea-
ching. In the first period of the study only theory courses and no practical assignments are given.
Gradually this ratio changes to more and more practical assignments and less theory. The theory
is tested by way of exams and written assignments and during the practical part of the study a
mentor judges the student on his or her work. The assigned mentor verbally and physically ex-
plains everything the learner needs to know about the subject at hand. This way of acquiring skills
and knowledge is also known as the apprenticeship model. In most hospitals this is the only time
learners get instructed and tested on their skills and knowledge. Training can be time consuming
and the acquired skills could diminish over time if the learner does not often apply their skills, e.g.
when they go on a vacation. To solve this problem the Leids University Medical Center (LUMC),
in the Netherlands, incorporated a yearly “refresh course” which covers the whole operating room
(OR) and its attributes, but the effectiveness of this type of instruction is not yet validated. These
findings indicate that there is a need for an additional training tool related to medical equipment
which reduces the number of errors with these devices.

1.3 Scope and objectives

The aim of this study was to develop a simulation meant to train basic tasks related to operating
medical equipment and to establish content-, face-, and concurrent validity for this simulation.
In this study the design, development, and validation of an “interactive training simulation” is
presented. Such a simulation can be used for training personnel outside the OR, thereby decrea-
sing risks for patients and increasing training frequency without the addition of extra personnel,
comparable with a simulation used in aviation. By face- and concurrent-validity the opinion and
the effectiveness of the simulation, compared to that of the “refresh course”, will be determined.
It is hypothesized that members’performance, trained with the developed training simulation, will
improve greater than members who receive the traditional way of training, because of the active
participation in the simulation, which is not the case during the “refresh course”.

1.4 Document overview

In the following chapter (chapter 2) of this thesis a literature review is presented which discusses
human errors, learning, learning theories, and training simulations’ features and potential bene-
fits. Also in chapter 2 the process of designing and developing a training simulation will briefly
be discussed and in chapter 3 this process is applied in designing and developing an interactive
simulation of an electro-surgical medical device. In chapter 4 the methodology used for the eva-
luation of the developed simulation is stated. The validation methods applied for the developed
simulation include content-, concurrent-, and face validity. Next in chapter 5 the results of the
validation methods are presented and discussed in chapter 6. Finally in chapter 7 conclusions and
recommendations for future work will be stated.

10



2 LITERATURE REVIEW

2 Literature review

This chapter is aimed at providing the necessary knowledge and information, needed, for designing
and developing a training simulation. Key issues concerning error and the actual learning process
of humans should be clear. In addition to what generally is meant by the actual learning process, it
is also important to know how computer simulations can contribute its features, in such a way, that
it provides an effective and efficient learning environment. This chapter discusses these issues. In
the first part of this chapter human error and factors which can cause them are discussed. Next, the
question What is Learning? together with different views on how the human learning cycle works,
are discussed. Thirdly simulation technologies are analyzed. This analysis states the different
features of simulations, the potential benefits, and quality criteria of good educational software
according to literature. Finally, the process is explained of designing and actually developing a
training simulation according to theoretical models.

2.1 Errors

2.1.1 Concept of errors

To understand why errors occur generically the psychologist Rasmussen developed the Skill, Rule
& Knowledge model (Fig. 2.1) [29]. He defined three levels of human behavior where errors could
occur:

. Skill-based : At the skill level, actions are automatic, and are enacted by way of “stored
patterns of pre-programmed instructions”. These actions are frequently performed and are
often said to “come naturally” to the operator. However, these skills can be acquired with
practice. An example of an everyday skill is walking. Many tasks from the health care
personnel can be considered as a sequence of skilled acts. For example, when an experienced
operating room (OR) nurse hands over an instrument to the surgeon smoothly, without
conscious control over his or her movements.

. Rule-based : On a rule level, tasks are completed using stored sets of rules. These rules consist
of familiar, rehearsed patterns of actions. Tasks which use rule-based cognitive mechanisms
require a greater degree of thought than skill-based tasks, as the rules which need to be
applied to complete the situation must be selected. An example of rule-based behavior in a
hospital is the choice by an OR nurse which instrument to hand off to the surgeon, requires
rule-based behavior.

. Knowledge-based : On a knowledge level, unfamiliar tasks are performed with a high degree
of conscious thought as the operator attempts to devise a novel solution to a situation which
has not previously been encountered.

Reason [30] used Rasmussen’s classification as a framework for his categorization of errors, atta-
ching a specific type of error to the three levels of cognitive performance: errors in execution of
skill-based tasks were termed lapses, and errors in execution of rule and knowledge based behaviors
were termed mistakes in his Generic Error-Modeling System. Lapses characteristically relate to an
error in the actual execution of the task, whilst mistakes are more abstract errors, relating to errors
in planning (where a strategy not suitable for the situation is carried out), or in problem-solving.
In the case of lapses, the plan is correct but the actions are carried out incorrectly, leading to an
error; whereas in the case of mistakes, the actions are carried out correctly, but it is instead the
plan which is incorrect.
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Figure 2.1: Rasmussens Skill, Rule & Knowledge model and Reasons Generic Error-Modeling
System [29]

2.1.2 Occurrence of errors in surgery

During surgery the mentioned error types also have the potential of occurring. Correctly perfor-
ming surgery involves a combination of good decision making (pre-operatively, operatively and
post-operatively), team performance and communication (surgical, anaesthetic, nursing and other
essential staff members), and technical skill. It is believed that the combination of these skills and
a high patient volume operating rate achieve a reduced patient mortality and morbidity [32, 31].
It is unlikely that no errors will occur during this process, not even in the most simple situations.
However, these surgical errors are seldom solely responsible for an adverse event. Examples of
adverse events are infections, secondary surgical burns, and sometimes even death. James Reason
believes that an adverse event is a result of multiple errors sequentially occurring [4]. He stated
that seemingly unimportant incidents occur prior to major accidents or adverse events. Prevention
of future accidents starts with investigating the occurrence of these minor incidents in order to
design adequate defenses. The “cheese model” (Fig. 2.2), after the theory postulated by Reason
[4], clarifies how these defenses in a system can influence the occurrence of adverse events. In
complex environments, such as the OR, several defense mechanisms (cheese slices) secure the sa-
fety of the patient. Examples include the design of equipment, experience of the personnel, and
the use of certain protocols. Weaknesses in these defenses clear the way for incidents (represented
in the model as holes in the defenses). According to the model, because effective defenses exist
on different levels, not all incidents in the OR lead to adverse events that endanger the patients
health. For this reason, most incidents seem to have no consequence at all, but if all occur at the
same time or in sequence, the result can be an adverse event. In a complex environment (such
as the OR) a chain of events may cause an accident trajectory (large arrow) and lead to adverse
events.

Figure 2.2: Swis cheese model [30]
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2.1.3 Factors influencing surgical error

Surgical processes are bound by many factors which can influence the final satisfactory or unsa-
tisfactory patient outcome. Performing highly skilled surgical tasks involves a cognitive cascade of
complex processes for the surgeon and his team [33]. Sudip [34] developed a theoretical model of
how errors may occur in surgery (Fig. 2.3).

Figure 2.3: Model of factors influencing surgical errors

Sudip believes this model is applicable to the whole patient pathway and the concept was developed
after studying migration of protocols in industry environments [34]. This section explains individual
factors, which are believed, to influence surgical error:

. Organizational environment : Factors in the organizational environment may play an impor-
tant role in patients’ safety. Research has shown that poor patient referral rates can lead to
reduced patient volumes and increases the mortality and morbidity rates [32, 31]. Medical
personnel who do not perform operation-specific tasks in sufficiently large numbers may suf-
fer from a procedure specific technical error rate. Moreover, the surgical unit or firm may not
be familiar of the care of the particular specialized surgical patient. It has also been shown
that in anaesthesia the combination of faulty equipment, lack of trained staff, etc. can lead
to errors occurring during an operation [35].

. Hospital environment : The hospital environments are the various areas where surgical de-
cisions are made and care is provided outside the theater environment. These can be in
the outpatient department, endoscopy suite, casualty, recovery, high dependency or intensive
care units, the ward and multi-disciplinary meetings. These surgical interfaces are where
errors can occur and may involve many health care professionals.

. Surgical team: The surgical team may be under pressure to complete the operation list on
time, there may be factors influencing the operation e.g. inexperienced assistant, or time
pressures influencing the course of the operation e.g. life threatening emergency in casualty.

. The theater team: The theater team is important as decisions made for example by the key
players e.g. surgeon, anaesthetist and scrub nurse if not in unity or in collaboration can
influence the operation being performed, errors occurring and possibly the eventual patient
outcome.
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. Patient and relatives pressures: The surgeon may be under pressure from relatives or the
patient to have a successful outcome. This may be due to unrealistic expectations or previous
complications or errors occurring to the patient.

. Patient factors: All patients are not the same, and so all the operations surgeons perform
are also heterogeneous. Factors like ASA grade, surgical pathology, etc. all can influence
the technical skill and performance of the surgeon as well as the post-operative recovery and
eventual patient outcome [36].

. Surgeons work and personal stresses: Surgeons can be subjected to various stressful factors
which can influence their performance in decision making, team interaction and technical
skill. Work related stresses include fatigue due to sleep deprivation, high workload and long
commutes; hierarchical bullying, time constraints, and poor supervision for trainee surgeons,
communication and teamwork.

Although this thesis solely focuses on error reduction while using medical equipment, all the men-
tioned factors have the potential to effect the errors related to medical equipment. Therefore it is
important to be aware of all these possible “interferences”.

2.1.4 Error prevention

A number of approaches can be used to prevent incidents, related to medical equipment, from
happening: (1) redesigning of equipment, (2) the use of protocols and checklists, and (3) additional
training. These 3 possibilities will now briefly be discussed:

1. Redesigning equipment : The redesign of equipment and systems is expensive and a slow
process. Nevertheless, there are already systems available in operating rooms which might
solve some of the problems related to medical equipment. However, not many hospitals have
the financial resources for OR’s of the future. Furthermore, increasing high-tech applications
often create unforeseen problems.

2. Protocols & checklists: Another way to deal with reducing medical errors is to use checklists
or protocols. Verdaasdonk [38] showed that the number of errors reduced with the use of a
checklist focused on medical equipment. However, the use of this checklist does not take into
account the competence of the users of the device, which is the focus of this study.

3. Additional training : As stated in the introduction part of this thesis, the lack of proper
training has been identified as one of the main reasons for the occurrence of errors related to
medical equipment. Training provides learners with the opportunity to create a standardized
safety culture among OR personnel. The current way of training can be time consuming
and knowledge and skills can fade over time. Recurrent training is therefore needed. The
addition of a computer simulation could resolve these problems related to the traditional way
of training.

This brief discussion states that an additional effective training tool can have a very high added
value in the process of reducing medical error related to medical equipment. This additional
training method should be focused on improving humans’ skills and knowledge related to medical
equipment. The skill and information acquisition (learning) of humans and in what way this can
most effectively be done is the point of discussion in the following sections of this chapter.
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2.2 Learning

Generally, learning is defined by psychologists as “any relatively permanent change in the behavior,
thoughts, and feelings of an organism, human, or other animal that results from experience” [8].
This change in behavior, thoughts, and feelings is thought to be a process. Fitts and Posner [9]
suggested that the learning process is sequential and that we move through specific phases while
learning. He defined three stages to learning a new skill:

. Cognitive phase: identification and development of the component parts of the skill - involves
formation of a mental picture of the skill

. Associative phase: linking the component parts into a smooth action - involves practicing
the skill and using feedback to perfect the skill

. Autonomous phase: developing the learned skill so that it becomes automatic - involves little
or no conscious thought or attention whilst performing the skill

2.2.1 Dreyfus’ five stage model

This idea of humans moving through different phases is supported by Dreyfus [10]. He described
skill acquisition in a five stage model (Fig 2.4) with increasing difficulty. According to Dreyfus
learners start of at a novice level and ideally end up at the “mastery” level.
When a person is new to performing a certain task he or she is a novice. The task environment

Figure 2.4: Dreyfus’ five stage model of the mental activities involved in directed skill acquisition

is decomposed into context-free features that can be recognized without the benefit of experience
(non-situational recollection). The novice is then given rules for determining an action on the
basis of these features. To improve, the novice needs monitoring, either by self-observation or
instructional feedback, so as to bring his behavior more and more completely into the conformity
with the rule. With increased experience in real situations the novice proceeds to the stage of
competence. The student now sees the features of the task environment in their context, and
recurrent meaningful patterns come to light. These patterns are now recognized by singling out
perspicuous examples, recollection is now situational. The third stage is proficiency. After enough
practice the student now recognizes whole situations and their relevance to the achievement of a
long-term goal. Aspects can now appear more or less relevant to the achievement of this goal.
Recognition is now holistic instead of decomposed. The fourth stage is expertise. In previous
stages the student always needed some sort of analytical principle (rule, guideline) to connect
the knowledge about the general situation to that of the specific situation. Now the student has
experienced so many situations that each specific situation immediately dictates an intuitively
appropriate action. In the fifth stage mastery occurs. Experts only sometimes and temporarily
move up to this fifth stage. The expert is intensely absorbed in his work and ceases to pay
conscious attention to his performance, which results in even higher level performance. When
designing training aids, it is important to keep at least the first four developmental stages of the
student in mind, to facilitate the student’s advancement to the next stage. When this is not done,
the student could never improve to higher levels or even fall back to a lower level.
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2.2.2 Anderson’s model of adaptive control of thought

Dreyfus’ idea is that when moving from one phase to the other or advancing from one level to a
higher one, people acquire skills effectively. Anderson’s [11] model of Adaptive Control of Thought
(ACT) (Fig 2.5) can shed some more light on how this skill acquisition works. The model describes
not only skill acquisition but also the acquisition of knowledge. It describes the way the human
brain organizes information. Anderson distinguishes between:

. Declarative knowledge: “knowing that”, basically facts

. Procedural knowledge: “knowing how”, knowing how to use knowledge

Where declarative knowledge is relatively easy to acquire - you just listen to what a teacher says
or read a book - procedural knowledge takes some more effort. Anderson describes the learning
process as compilation of knowledge, consisting of two components, composition and procedurali-
sation. Composition means that a series of several productions are reduced to fewer ones so that
steps in the thinking process can be skipped. Proceduralisation means that declarative knowledge
is incorporated in productions and procedures. When teaching people skills, it is important that
you make sure they acquire the right procedural knowledge. This means that students not only
have to remember their facts (declarative knowledge) right, but should also make the right proce-
dural connections between those facts. These procedural connections are formed when the person
performs a task more and more over time.

Figure 2.5: Anderson’s model of Adaptive Control of Thought

Both Dreyfus and Anderson state that proceeding to a higher level of task execution can only be
reached by practice. To be able to make the right procedural connections to move up to higher
levels of task execution, a person has to practice a task. While practicing, the student moves
through different stages of task execution. Just practice does not make perfect. The way the
student practices, the amount of instructional feedback, and the level of the student has to change.
These changes have to be considered when designing training methods. In the following section
different theories on how humans acquire knowledge and skills effectively are discussed.
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2.3 Learning Theory

Unlike Dreyfus’ and Anderson’s model, which discuss human behavior, a theory refers to an event
clarification made-up of integrated principle statements that attempt to make a predication about
something. Thus, reasoned definitions of learning theory are presented as a forecast explanation
about learning based on a set of integrated principles and categorized by the variance in the main
belief sets to predict learning. In simple terms: learning theories describe the way of the know-
ledge arrangement. In pedagogy four studying theories are essentially discussed: Adult learning,
Behaviorism, Cognitivism, and Constructivism. As stated in the introduction of this thesis the
current method of training medical personnel is the apprenticeship model. In terms of learning
theory this training model is closely related to adult learning theory and constructivism. For this
reason the current teaching/training method of health care, the apprenticeship model, and these
two learning theories will briefly be discussed.

2.3.1 Apprenticeship model

The current training of health care personnel is largely mired by the apprenticeship model which is
best exemplified by the phase “see one, do one, teach one”. Most of their training is done on the
job. While working, an experienced worker guides the apprentices and teaches them the trade. The
necessary theoretical knowledge is given in the form of lectures prior to the “on the job training”.
This methodology of acquiring skills is a proven and effective method, but when taking issues like
patient safety and costs into account it might not be the optimal method for training.

2.3.2 Adult learning theory

All the learners in hospitals are adults (18+) and proponents of the adult learning theory state that
adults do not learn like children. Adult learning theorists contend that adults are self-motivated,
self-directed individuals who prefer learning that involves active participation, practical experience,
variety, feedback, and real world problem solving. One of the theorists of the adult learning theory
is David Kolb [12]. Kolb believes that all people learn in a four-step pattern which is illustrated
in fig 2.6. Kolb first showed that learning stages could be seen as a continuum:

. Concrete Experience (CE): being involved in a new experience

. Reflective Observation (RO): watching others or developing observations about own expe-
rience

. Abstract Conceptualization (AC): creating theories to explain observations

. Active Experimentation (AE): using theories to solve problems, make decisions.

Although Kolb thought of these learning stages as a continuum which learners moves through over
time, usually each learner prefers one stage above the other. So during the design of any kind
of learning environment we need to take these styles into account. Kolb’s learning theory identi-
fies four distinct learning styles (preferences), each representing the combination of two preferred
stages. These four styles of thinking are illustrated in fig 2.6 by a two-by-two matrix. Kolb named
these four styles: diverging (CE/RO), assimilating (AC/RO), converging (AC/AE), and accom-
modating (CE/AE) [28]. Ideally the learning process represents a cycle where the learner “touches
all the bases”, i.e. a cycle of experiencing, reflecting, thinking, and acting [12]. But this is not
always possible. When comparing these different styles to the current learning style, related to
medical equipment in hospitals, we see that this is closely related to the accommodating learning
style (Learning by doing) defined by Kolb. Whereas the teaching method applied for theoretical
knowledge closely corresponds with the assimilating learning style.
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Figure 2.6: Kolb’s learning styles

2.3.3 Constructivism

Constructivists believe that learning occurs through practical application which builds upon prior
knowledge [13]. New knowledge must be “realized”,“learned”,“experienced”, and integrated into
the already available knowledge structure [14]. This is also the case in the current way of educating
and training medical personnel. These learners first acquire theoretical knowledge, in the form of
lectures, and apply this knowledge in their actual working environment.

The idea of constructivism and adult learning is globally accepted and therefore largely applied in
the current educational method of schools and universities in the form of lectures and internships.
The problem of applying these theories in the healthcare sector is the fact that it is not always
ethical to train during actual procedures, because this could comprise patient safety. Another
problem is the low frequency of training. The training possibilities are also limited to the amount
of procedures and the availability of tutors and/or equipment. Alternative training environments
could solve these problems.
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2.4 Simulations

Simulations applied for educational/training usage (also known as virtual learning environments)
are generally defined as artificial environments that are carefully created to manage individuals’
experiences of reality. Jones [20] defines a simulation as an exercise involving “reality of function in
a simulated environment”. Cannon-Bowers [17] notes that an essential feature of simulations and
other synthetic learning environments (e.g., virtual reality) is, “the ability to augment, replace,
create, and/or manage a learners’ actual experience with the world by providing realistic content
and embedded instructional features”.
There are a number of constructs that conceptually overlap with simulations. For instance, games
represent a specific type of simulation that features competitive engagement, adherence to a set of
rules, and a scoring system [17]. Thavikulwat [18] notes that games and simulations are terms that
are used relatively interchangeably (e.g., simulation-based games). Also, virtual worlds represent
very elaborate simulations that allow for interactions among multiple players as well as between
players and objects in the world [17]. For the remainder of this thesis-report the term simulation-
based training is used to refer broadly to all types of computer-based simulations that are used to
create synthetic learning environments.

Simulation-based computer training programs are also often said to be part of the Electronic-
Learning domain. A graphical presentation of all available computer educational media available
in this domain is shown in figure 2.7. In this representation the different educational media are
put alongside the, so-called, learning pyramid.

Figure 2.7: E-learning continuum, adapted from: Charles Merril, 1960 Education Media

At the lowest level of the continuum the static options of learning media are shown. According
to this graph these options have the lowest effect on what humans remember. These options of
media are often called Learning Management Systems (LMS), which facilitate the management
and offering of digital content, e.g. Blackboard and It’s Learning. However important, these LMS
merely organize digital information. These types of educational media are more “interpassive” than
interactive [15], and typically, these programs rarely support more than multiple choice questions,
mappings, and quizzes. To move from the “interpassivity” of today’s virtual learning environments
to real interactivity (and thereby moving up on the e-learning continuum), the emphasis should
be on the development of interactive, pedagogically well-designed, and domain-specific educational
software, also known as simulations.

These simulations apply computer technology which is often called Virtual Reality (VR). A more
recent development in technology which is also being developed and used for educational purposes
is mixed reality (MR). Both of these technologies will now briefly be discussed:
Virtual Reality :
Many different definitions exist for VR. For example Gaddis [39] defined VR as: “a computer
generated simulation of the real or imagined environment or world”. According to Fitzgerald
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and Riva [40] the basis for the Virtual Reality idea is that a computer can synthesize a three-
dimensional (3D) graphical environment from numerical data and by using visual and auditory
output devices, the human operator can experience the environment as if it were part of the world.
This computer generated world may be either a model of a real-world object, such as a house; or
an abstract world that does not exist in real sense but is understood by humans, such as a chemical
molecule or a representation of a set data; or it might be in a completely imaginary science fiction
world. Although these definitions give some explanation of what VR is they do not cover all
of the possibilities one can explore by use of VR. VR can be used for much more than “just”
representation of objects or environments. Not only can VR, as part of computer science, allow
computer-based models of the real world to be generated, but VR can also provide humans with a
means to interact with these models through new human-computer interfaces and, thus, to nearly
realistically experience these models. This actively interacting with the created environment is a
key feature of VR and is allowed by the use of external input devices (mouse, joystick or typical
VR peripherals such as Dataglove [41]) responding to the user’s reactions and motions. VR is at
the same time a technology, a communication interface and an experience.

Mixed reality :
Another more recent development virtual computer technology is mixed reality. Mixed reality (MR)
refers to the incorporation of virtual computer graphics objects into a real three dimensional scene,
or alternatively the inclusion of real world elements into a virtual environment. The former case
is generally referred to as augmented reality (AR), and the latter as augmented virtuality (AV).
The difference between AR and AV can be explained by the so-called Reality-Virtuality (RV)
Continuum. This concept was first introduced by Milgram [42], who generally defines a Mixed
Reality environment as being “... anywhere between the extrema of the RV Continuum”, where
the Reality-Virtuality extends from the completely real to the completely virtual environment with
AR and AV in between (figure 2.8).

Figure 2.8: Reality-Virtuality (RV) Continuum [42]

Azuma [43] has defined three characteristics that are integral to an augmented reality interface.
Firstly, it combines the real and the virtual. Secondly, it is interactive in real time. Third, it
is registered in three dimensions. Mixed reality comprises concepts and technologies to design
innovative user interfaces where physical and digital artifacts co-exist in the same computer-based
environment. Mixed Reality is focused on merging real and virtual worlds, combining a variety of
techniques to mix and/or link real with virtual objects [42]. 3D modeling, tracking, haptic feedback,
simulation, rendering and display techniques are core elements of Mixed Reality applications. Early
developments were mostly based on blending computer generated virtual worlds or simulations with
real-life video. Later on, interfaces were developed, which sense and generate real-life data being
exchanged between virtual objects and their physical counterparts. The use of MR as training
application is still in the experimental stage and can also be very time consuming and costly [61].

2.4.1 Potential benefits simulation training

Whether VR or MR technology is used to develop simulations in both cases the developed simu-
lations may have many benefits compared to “conventional” teaching. Some of these potential
benefits are:

. Experiential and active learning : Simulations provide experience with new technologies
through actual use: learning in simulations requires interaction, thus encouraging active
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participation rather than passivity. Students and trainees assimilate knowledge more effecti-
vely when they have the freedom to move and engage in self-directed activities within their
learning context. Finding and structuring content autonomously, they invest mental effort
for the construction of conceptual models that are both consistent with what they already
understand and with the new content presented. According to McGuire [45] this active pro-
cess allows students to reach understanding of the world through an “ongoing process of
making sense out of new information-by creating their own version of reality instead of sim-
ply receiving the author’s view”. The effective adaptation of old knowledge to new one leads
to understanding and, when the students are in charge of this process of “accommodation”,
success is also intrinsically motivating. Simulation of the real world provided by VR offer
students the opportunity to learn while they are situated in the context where what they
learn is to be applied; this results in more meaningful and effective learning, as compared with
learning out of context [46, 47]. Nicaise and Crane [48] point out how, within constructivist
perspective, physical engagement with material is central in the learning process. Students
reach an understanding of the material under study through object manipulation and buil-
ding of physical artifacts. To the extent that “immersion in a virtual world allows the same
kind of natural interaction with objects that participants engage in the real world” [49],
action in VEs can support this process of knowledge construction.

. Visualization and reification: Virtual learning environments can be an alternate method for
presentation of material, new forms and methods of visualization. Its use can be very impor-
tant in domains where information visualization is needed, such as manipulating and rearran-
ging information using graphic symbols; it is useful also when it is needed to make perceptible
the imperceptible (e.g., as a means to teach abstract physics and biological concepts which are
part of health-care professionals curricula). For example, researchers at George Mason Uni-
versity and the University of Houston [50] developed “NewtonWorld” and “MaxwellWorld”.
These systems provide immersive learning environments in which students may explore the
kinematics and dynamics of motion, electrostatic forces, and other physical concepts.

. Learning in contexts impossible or difficult to experience in real life: Virtual reality allows
observation and examination of areas and events unavailable or impossible (e.g., “traveling”
inside human body, moving among molecules) by other means. Furthermore, it allows ex-
treme close-up examination of an object, as well as observation from a great distance. VEs
can also be a good solution when teaching or training using the real thing is dangerous (e.g.,
there is risk of injury to the patient), or for logistic reasons (e.g., the possibility of training
without moving from the laboratory or the clinic). VR can furthermore provide effective
training in situations requiring the use of equipment prohibitively expensive or impossible to
obtain otherwise.

. Motivation enhancement : Interacting with a VR model can be as motivating, or even more
motivating than interacting with the real thing, for example, using a game format. It can be
a good solution to make learning more interesting and fun, for example, when working with
boring material.

. Collaboration fostering : Shared VR can encourage collaboration and foster the learning of
skills that can be better developed through shared experiences of a group in a common
environment. It is most useful when the experience of creating a simulated environment, or
model is important to the learning objective.

. Adaptability: VR learning offers the possibility to be tailored to learner’s characteristics and
needs (different students are characterized by different learning rates and styles). Learners
are allowed to proceed through an experience at their own pace, and during a broad time
period not fixed by a regular class schedule. Furthermore, well designed VEs can flexibly
present trainees a broader, deeper set of experiences than those that can be found in the
“standard” educational environment.

. Evaluation and assessment : VR itself offer a great potential as a tool for evaluation, since
every session in the virtual environment can be easily monitored and recorded by trainers
and teachers, thus facilitating assessment tasks [51].
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These are all potential benefits and not self-evident. Computer simulations have different features
which can be used to achieve these benefits which will be discussed next.

2.4.2 Features of simulations

As mentioned in the previous section, VR has different features which can be included in the design
of a simulation depending on its purpose of development. These features include: Interactivity
& Navigation, Haptic/kinesthetic feedback, and Immersion & presence. These features will now
briefly be discussed:

. Interactivity and navigation: Basically, VR is about using computers to create images of 2D
or 3D scenes with which one can navigate and interact. By the term navigate, we imply the
ability to move around and explore the features of a scene such as a building; while interact
implies the ability to select and move objects in a scene, such as a chair. Interactivity not only
changes the role of the user from that of observer to participant, but also promotes learners’
active learning. During the studying experience, interaction can offer the learner various
controls, such as interacting with the virtual environment and manipulating characters or
objects in the virtual environment. A VR system can be designed with or without interaction,
and with this in mind two different visions of designing VR can be identified [44]: (1) Virtual
Reality as only a presentation of virtual objects to all of the human senses in way identical
to their natural counterpart, (2) A human-computer interaction paradigm in which users are
active participants within a computer-generated three-dimensional world. To enable a user to
interact with the environment different tracking devices and interactive devices can be used.
Examples are force balls (cricket ball-sized objects fixed to a platform and incorporating strain
gauge sensors) and conventional mice (Similar to the standard desktop pointing devices, but
incorporating a 6 degree of freedom sensor). Depending on the application the choice is made
to implement interactivity or not and if so, which device to use.

. Haptic/kinesthetic feedback : Another feature of VR is Haptic/kinesthetic feedback. Haptic
technology refers to technology that interfaces to the user via the sense of touch by applying
forces, vibrations, and/or motions to the user. This mechanical stimulation may be used to
assist in the creation of virtual objects (objects existing only in a computer simulation), for
control of such virtual objects, and to enhance the remote control of machines and devices
(teleoperators). Kinesthetic feedback is the knowledge people have about the position and
movement of their bodies based on nerves in their joints and muscles (also known as proprio-
ception). Such feedback may play a role in hand-eye coordination, the use of input devices,
and reaction to output devices that cause the body to move. Haptics are gaining widespread
acceptance as a key part of virtual reality systems, adding the sense of touch to previously
visual-only solutions. Most of these solutions use stylus-based haptic rendering, where the
user interfaces to the virtual world via a tool or stylus, giving a form of interaction that is
computationally realistic on today’s hardware. One can say that haptic feedback contributes
to the “realness” of the virtual world and that reduction in sensory feedback requires some
readjustments in performing routine tasks. Without that feedback many actions can become
difficult or even impossible.

. Immersion and presence: Immersion and presence represent distinct concepts. Mel Slater
[52] defines the terms this way: Immersion refers to the objective level of sensory fidelity a
VR system provides, while presence refers to a user’s subjective psychological response to a
VR system. Immersion is objective and measurable-one system can have a higher level of
immersion than another. Presence, on the other hand, is an individual and context-dependent
user response, related to the experience of “being there“. Different users can experience
different levels of presence with the same VR system, and a single user can experience different
levels of presence with the same system at different times, depending on state of mind,
recent history, and other factors. Three main categories by the sense of immersion can
be identified. These categories include non-immersive systems, semi-immersive projection
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systems and fully-immersive systems. While many researchers are studying the psychological
phenomenon that is called presence, it might be more practical of studying immersion’s effects
since its control level can be measured and because this approach could have a large real-world
impact.

Although it is difficult to categorize all VR systems, most configurations fall into three main
categories, and each category can be ranked by the sense of immersion [52]. These categories
include: (1)non-immersive (Desktop) systems, (2)semi-immersive projection systems, and (3)fully
immersive systems as shown in figure 2.9.

Figure 2.9: Types of Virtual Reality systems [52]

1. Non-immersive systems: Non-immersive systems, as the name suggests, are the least immer-
sive implementation of VR techniques and therefore a user has a low or no sense of immersion
when using this kind of system. Using the desktop system, the virtual environment is viewed
through a portal or window by utilizing a standard high resolution monitor. Interaction
with the virtual environment can occur by conventional means such as keyboards, mice and
trackballs.

2. Semi-immersive systems: Unlike non-immersive systems a semi-immersive system can deli-
ver a medium to high sense of immersion. Instead of mice or keyboards as input devices a
semi-immersive system uses joysticks or data gloves as input devices for the user to navi-
gate/interact with the environment. A semi-immersive system will comprise of a relatively
high performance graphics computing system which can be coupled with a large screen mo-
nitor, a large screen projector system or multiple television projection systems. Using a wide
field of view, these systems increase the feeling of immersion or presence experienced by the
user. However, the quality of the projected image is an important consideration. It is impor-
tant to calibrate the geometry of the projected image to the shape of the screen to prevent
distortions and the resolution will determine the quality of textures, colors, the ability of
define shapes and the ability of the user to read text on-screen.

3. Fully-immersive systems: The most direct experience of virtual environments is provided by
fully immersive VR systems. These systems are probably the most widely known VR imple-
mentation where the user wears some form of head-coupled display, such as head mounted
display. All fully immersive systems will give a sense of presence that cannot be equaled by
the other approaches discussed earlier, but the sense of immersion depends of several parame-
ters including the field of view, the resolution, the update rate, and contrast and illumination
of the display. Although fully-immersive systems deliver a higher sense of immersion than
none and semi immersive systems, empirical studies [53] show that various components of
immersion provide other benefits and that full immersion is not always necessary.

Because of the wide range of possibilities, which technology has to offer, it is important to distin-
guish between good and bad quality criteria for designing effective educational software. This is
the subject of discussion in the following section.
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2.4.3 Quality criteria for Computer Simulations

A study by Reichert [15] suggests that the emphasis of educational software is in danger of neglec-
ting the desired pedagogical added value. And for this reasons Reichert proposed five high-level
quality criteria which good education software must satisfy:

. Content based on fundamental ideas: The production of educational software is expensive.
Therefore, long-lived content should be at the center of interactive learning environments.
Fundamental ideas guarantee the selection of content which is cognitively demanding, rele-
vant, and long-lived. Schwill [16] summarized the concept of fundamental ideas as follows: A
fundamental idea, with respect to some domain, is a schema for thinking, acting, describing,
or explaining which is applicable in different areas, may be demonstrated and taught on every
intellectual level, can be clearly observed in the historical development and will be relevant
in the longer term, and is related to every day thinking. In this thesis-report a simulation
is proposed for training skills related to medical equipment. Because medical equipment is
very expensive hospitals are inclined to use these devices as long as possible. Therefore a
simulation for such a device complies with this criteria.

. Incorporating different cognitive levels: Ideally, educational software offers a broad range
of tasks on different cognitive levels. This criterion complies with what was mentioned in
section 2.1 about learning theories. The proposed simulation therefore should incorporate
these different levels.

. High degree of interactivity : A high degree of human-machine interaction characterizes good
educational software. By interactivity Reichert meant true interaction between the learner
and the software and not reading a web page or watching an animation. True interaction was
defined by Laurel [21] as follows: “You either feel involved in the computer representation
or you do not”. The crucial point is the ability to interact with the representation, and not
how often the software feigns communication with you. There are different classifications of
interactivity levels. In this thesis a model by Schulmeister [22] is used which defines six levels
of increasing human-computer interaction.

- Level one means no interaction at all, but only a display of information

- Level two lets users navigate through the representation of information

- Level three offers multiple representations of the content

- On level four, the user can modify parameters of the representation

- Additionally, on level five, the user can manipulate the content itself

- Level six means the user can create and manipulate objects and watch the system react
Ideally the simulation should match the simulated object as best as possible. This will be
taken into account in the design of the simulation.

. Feedback : The software’s feedback with respect to the actions of the user can assist their
learning process. Reichert defined two levels of feedback, “implicit” and “explicit”. With
implicit feedback, the learner must interpret the output that the software produced while
they interacted with it. Explicit feedback denotes an automated tutor which takes on the
role of the teacher. The tutor points the learners to mistakes they make, provides support
when the learners stumble or shows them different solutions.

. Visualization and usability : It takes time to familiarize oneself with the user interface of any
software. Since the user interface is not the subject itself, it should be as self-explanatory as
possible. However, as of yet, there is little if any discussion on usability in learning software
context, on what could be called the “learnability” aspects of electronic media.

Increasing problem difficulty (cognitive level) makes the learning more challenging, engaging and
effective. It is believed that when increasing the level of difficulty less feedback should be given to
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get an effective learning method. This is also called “scaffolding” (figure 2.10). Scaffolding means
decreasing the amount of feedback (prompting, guidance) over time and hereby allowing the final
skill level to be elicited by naturalistic cues (combination of two of the quality criteria mentioned
above).

Figure 2.10: “Scaffolding”: Inversely proportional increase and decrease of difficulty and amount
of feedback provided. Adapted from: Davil M. Merrill

The implementation of all of these quality criteria should result in an effective virtual learning
tool. But first the simulation needs to be developed. For this reason the process of the simulation
development will be discussed next.
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2.5 Process of simulation development

There are a number of different instructional design methods available in literature [54, 55] but
each of these creative processes have roughly the same outline: Analysis, Design, Development,
Implementation and Evaluation [56]. This outline is also applicable to the design of training
simulation. But the application of this model into the process of training simulation development
requires that some more details on the exact stages of the process to be described. A British
company, called Epic which develops e-learning, describes the process of developing training using
a more useful model(figure 2.11). This model [54] describes the cycle of training development
from a performance gap/training need to implementation of the developed training program. The
usefulness of this model is due to its clear and functional steps. The phases of this model give a
clear overview and insight in what actually should be done to get a training simulation. In this
paragraph each of the stages of this cycle will briefly be described.

Figure 2.11: Epics description of the e-learning development cycle [54]

. Need : A need for training or education first needs to be identified before attempting to
design or develop any type of additional training or education. The performance gap is a
tool which can give more insight in the current level of knowledge and/or skills of a specific
target group. Having identified this gap designers can than determine the instructional goals
for the training.

. Task analysis:When the specific needs for the training simulation are expressed, the task(s)
that should be taught need to be described very well. The training simulation should be
able to teach students a skill without the addition of a mentor or teacher. So the designer
of the simulation should know in advance when interventions/feedback is necessary. The
designer should consider all possible scenarios in which a learner can interpret the simulation.
Furthermore, a detailed description of the tasks should be made. For e-learning a teacher
should consider all possible scenarios in which a student can use and interpret the lesson.
Furthermore, a detailed description of the task(s) should be made.

. Content specification: With the need and task analysis complete the content of the training
can be specified. Questions like What should be described and how? and What other infor-
mation should be given, and how? should be answered in this stage. All the information
concerning the content of the medical device can be collected from 3 sources: (1) Literature,
(2) Manufacturer, and the (3) Hospitals which use the equipment. What kind of information
can be adapted from each of the sources is summarized below.

1. Literature: From literature we can identify the working principle, hazards of working
principle, and research done on the use of the device (e.g. effectiveness)
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2. Manufacturer manual: There are a variety of manufacturers which produce the same
technology of equipment. But each of them has their own design and sometimes even
their own additional features. Therefore the user’s manual is an important information
source. Features which should become clear from the manual include: device interface
and interaction (settings and connection ports), effects of selected settings/options (e.g.
effects on human tissue), procedural (order of steps for setting up system), and hazards
of handling specific device (do’s and don’ts for device in question).

3. Hospitals: Each hospital has its own experiences and/or difficulties with the use of a
medical device. Furthermore, cables and other accessories (available and compatible
instruments/cables etc) are often hospital specific.

. Instructional framework : The instructional framework describes how the lesson will be
taught. Different tasks require different forms of instruction. A number of different ins-
tructional models exist, and all are based by addressing the, so called, learning theories.
These theories were discussed in chapter 2.2. These instructional frameworks can serve as
guideline/checklist for good instructional design.

. Assessment strategy : Which skills to be trained should now be clear. But how will these be
assessed? Will they even be assessed in the training simulation? In this stage, the assessment
should be described. What information will be assessed and how will it be done. Will your
assessment focus on short term or long term retention? And will your assessment be part of
the e-lesson or will it be done differently?

. Media selection: According to Epic, only now the decision for training simulation or conven-
tional learning should be made and choices should be made about how the simulation content
should be displayed. The actual design of the simulation should be done in this stage.

. Production: In this stage the rough materials for the e-lesson (e.g. pictures, video, audio,
text, simulations) are acquired and put together to form the actual simulation. It is important
that all the factors concerning the simulation (not only learning, but also teaching, technical
specifications etc.) are considered during design.

. Evaluation: To be sure that the intended effects are achieved with the e-lesson, user tests
should be performed. However well designed and thought-out a lesson is, there are always
things that certain users will perceive differently. Especially with simulations it is important
to find these problems and make changes in the simulation to prevent learners from learning
the wrong things.

. Implementation: Perfection can be the goal, but probably never reached. When the e-lesson
has proven to work well enough it can be implemented into the curriculum. It is important
that the designed e-lessons are subjected to a testing period, even when testing was done
before implementation. After implementation the lesson is taken more seriously and problems
that were considered small before can now get a higher level of importance.
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2.6 Summary

In this chapter the basic idea behind the actual learning process and skill acquisition was stated.
People move through different phases when acquiring knowledge and for humans to acquire skills
effectively it is important to expose them to different cognitive levels which increase in difficulty.
Just practice does not make perfect. The way the student practices, the amount of instructional
feedback, and the level of the student has change. The current applied apprenticeship model is
a training method which is effectively applied in a variety of fields. The problem of applying
this model in the healthcare sector is the fact that it is not always ethical to train during actual
procedures, because this could comprise patient safety. Another problem is the low frequency of
training. The training possibilities are also limited to the amount of procedures and the availability
of tutors and/or equipment. Implementing the apprenticeship model in a computer simulation can
help to resolve these issues. To achieve this, quality criteria proposed for educational computer
simulations need to be satisfied: Content based on fundamental ideas, Incorporation of different
cognitive levels, High degree of Interactivity, Provide Feedback to user, Visualization and usability
(user friendly). To achieve this succesfully the different features of virtual reality technology need
to be applied accordingly. Furthermore, to develop a simulation certain steps need to be taken.
These steps were described and include determining the need, media selection, and the actual
development.
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3 Simulation design process

Having discussed the actual learning process and important criteria for the design of an educational
simulation, the next step is to actually design and produce the simulation. In this chapter the
different stages for designing and producing a training simulation will be followed. These stages
include: (1) Identifying the need, (2) Performing a task analysis, (3) Content specification,(4)
Choosing an instructional framework, (5) Determining an assessment strategy, (6) Media selection,
(7) Production of the simulation, and (8) Evaluation of the simulation. The final step of actually
implementing the simulation in the current curriculum for the learners is not subject of this thesis.
All the mentioned stages will be discussed in the order of which they are mentioned.

3.1 The need

As mentioned in the introduction, the need for additional training, focused on medical equipment,
is definitely present. The need for additional training related to medical equipment was also
expressed by the Leids Universitair Medical Center (LUMC) in the Netherlands. In collaboration
with the LUMC a further deapth analysis was made concerning this problem. The steps taken will
be discussed in the following sections.

3.2 Content specification an task analysis

In this section of the thesis a task analysis will be conducted to state in detail which tasks should
be trained by the simulation. In order to determine the task analysis the following questions need
to be answered:

. Which medical device should be simulated?

. Which “knowledge” and which “abilities” is the learner supposed to acquire?

In this paragraph these questions will be answered. First the choice of the medical device is
explained and subsequently the task inventory is discussed.

3.2.1 Medical Device

The operating room consists of a variety of medical equipment such as ultrasonic devices and in-
sufflators. For this research the medical device chosen to be simulated is an electro surgical device
named ForceTriad (figure 3.1) produced by the company Valleylab (manufacturer of energy-based
medical system). The decision to simulate this specific device was taken in collaboration with the
LUMC and is based on their personal experience that users have difficulties understanding and
using this device.

Electro surgery & ForceTriad
The ForceTriad is an electrosurgical device. Electrosurgery is the application of a high-frequency
electric current to biological tissue as a means to cut, coagulate, desiccate, or fulgurate tissue. High-
frequency current passes heats up biological tissue to get a desired clinical effect. The ForceTriad
has 3 different power modi to do so. The main difference between these modi is the path the
current travels:

. Monopolar: Monopolar is the most commonly used electro surgical modality. This is due to
its versatility and clinical effectiveness. In monopolar electro surgery, an active electrode is
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Figure 3.1: Picture of the ForceTriad

in the surgical site. A patient return electrode is somewhere else on the patients’ body. The
current passes through the patient as it completes the circuit from the active electrode to
the patient return electrode.

. Bipolar: In bipolar electro surgery, both the active electrode and the return electrode func-
tions are performed at the site of surgery. The two sides of the forceps2 perform the active
and return electrode functions. Only the tissue grasped is included in the electrical cir-
cuit. Because the return function is performed by one side of the forceps, no patient return
electrode is needed.

. Ligasure The Ligasure mode is a combination of bipolar electro-surgery and mechanical force.
This combination makes it possible to seal vessels. The ligasure modi is therefore also called
a vessel-sealing technique.

2Forceps are hinged instruments used for grasping and holding objects/tissue
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3.2.2 Task inventory

The concept of task inventory is a way to identify the essential items that need to be learned in
order to accomplish the particular goal. Although the surgeons are the ones who apply the different
power modi (electrical current) to human tissue, it is the operating room nurse who makes the
FT ready for use. The OR nurse performs all the necessary steps before the surgeon can use the
different possible power modi. The task inventory is focused correctly setting up the FT. Correctly
setting up the ForceTriad means being able to start-up the device for the 5 different possible modi:

. Monopolar Laparoscopic surgery

. Monopolar Open surgery

. Bipolar Laparoscopic surgery

. Bipolar Open surgery

. Ligasure vessel sealing

To start-up the device a variety of tasks need to be executed. The global tasks for starting up the
system for each of the power modi are (according to the user guide from ValleyLab):

. Turn on the energy platform and verify that the self-test is successfully completed.

. If using a footswitch, connect it to the footswitch receptacle on the rear panel.

. In case of monopolar surgery, apply the patient return electrode to the patient and connect
it to that patient return electrode receptacle on the front panel.

. Connect the instrument cable to the appropriate instrument receptacle on the front panel.

. Verify or change the mode and power settings.

Using this list as basis these tasks have been summarized into an assessment form consisting of 23
items (table 3.1) which has been used for assessing the performance of the OR nurses. Wrongfully or
not executing one of these twenty-three tasks means an error has been made. Errors are categorized
in the following manner:

. Identification: Wrongfully identifying cables, instruments, and/or foot pedals

. Protocol: Not executing tasks in the correct order

. Connection: Wrongfully connecting cables, instruments, and/or foot pedals

As mentioned in the previous chapter, these two stages of the simulation development answer not
only the question What should be described and how?, but also What other information should be
given, and how?. The training simulation should describe a medical device and give trainees the
possibility to test and/or train their skills related to the device. This includes being able to select
different cables and/or foot pedals, but also selecting the settings and power buttons available on
the device. Additionally the simulation should respond accordingly as it would in real life making
the simulation as real as possible. For this stage video recordings and pictures were made of the
device and all the corresponding cables and foot pedals. Using this information the response of the
medical device became clear. Additional information about what the learners are required to know
was acquired from the expert nurse3 of the LUMC. The participants of this research were certified
OR nurses and are only required to know the global working principle of the device. Together with
the nurse manager the level of knowledge was determined and summarized into 5 slides showing
text and animations about the theory (appendix A). These slides will be presented as part of the
total simulation.

3The expert nurse is responsible for providing additional training for OR nurses
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Table 3.1: Assessment form

Procedure Task Correct Wrong

Global Turn on energy platform x
Wait for self test x
Connect than settings x

Monopolar laparoscopic
Identify adapter x
Connect adapter x
Identify cable x
Connect cable x
Identify RE cable x
Connect RE cable x
Identify foot pedal x
Connect foot pedal x

Monopolar open
Identify cable x
Connect cable x

Bipolar laparoscopic
Identify cable x
Connect cable x
Identify foot pedal x
Connect foot pedal x

Bipolar open
Identify cable x
Connect cable x

Ligasure
Identify cable x
Connect cable x
Identify foot pedal x
Connect foot pedal x

3.3 Instructional framework

For the design of the training simulation no existing instructional framework was used. The design
of this simulation is based on the adult learning theory (section 2.3) and the mentioned quality
criteria (section 2.4.3). Learners should be able to interact and recieve feedback during training.
These features together with the oncorporation of different cognitive leveld (as discussed in section
2.2) are believed to result in an effective training simulation.

3.4 Assessment strategy

The assessment of the learners will be done by using the assessment form presented in table 3.1.
The choice for not doing any kind of assessment in the simulation itself was based on the fact that
this demands a higher level of programming and increases the complexity of the program. Not
only is this time consuming, but the scope of this research is to show that by exposing users with
this simulation their performance in real life will improve and therefore the assessment is done in
real life.
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3.5 Media selection

The simulation was developed in the program Adobe R©Flash R©Professional CS4. The choice for
this program was made on the possibilities this program has and personal preference. For the
design of the simulation the results of the task inventory were used (which functions, procedures,
and tasks should be learned and which type of errors can occur). Choices in the design are based
on the learning theories and quality criteria mentioned in chapter 2.

3.6 Simulation production

After starting up the simulation the user interface gives the learner 3 options(figure 3.2) to choose
from:

. Theory: In this part of the simulation theoretical background knowledge about the ForceTriad
is presented. In principle theoretical (declarative; see chapter 2) knowledge can be acquired
using words/text [57]. Therefore it was decided to present the theoretical knowledge in the
form of a presentation. In addition to the text, animations will also be used to visualize the
text presented. This was done because according to the E-learning continuum (discussed in
chapter 2) people remember more by seeing than reading.

. Freestyle: Users can “play” with a virtual presentation of the ForceTriad on a computer
screen which looks, reacts, and sounds like the real device.

. Training: Users are given assignments which need to be completed and receive feedback on
their actions using the same virtual representation of the medical device. This interactive
virtual model of the device gives the learners the ability to learn by doing as is desired by
the adult learning theory.

Figure 3.2: Start up screen simulation

A more detailed description of all these parts of the simulation will be given in the following sub
sections.

3.6.1 Theory

The first part of the simulation consists of theoretical background knowledge about the ForceTriad.
Theoretical (declarative) knowledge can be very well transmitted through words and be remembe-
red as such. To endure this knowledge more is necessary, for example repetition. Examples are the
different functions and abridgments available on the medical device. This part of the simulation is
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meant to give the learner a brief refresh course about the theoretical background but was primarily
meant to define certain terminologies which the learners should already know. This was done to
prevent obscurity in the rest of the simulation. In total 5 subjects were presented: (1) electro
surgery in general, (2,3,4) the three different power modes (monopolar, bipolar, and ligasure),
and (5) the return electrode monitoring (REM) system of the device. Text and animations were
used to visualize the information presented on screen. Learners were able to navigate through this
information as often as they preferred (figure 3.3). It is also possible to use videos or audio to
present the theory, but the choice for textual presentation was done to enable the user to read
the information in their own time. Also the simulation focuses on the training of skills and not
knowledge acquiring of knowledge (education).

Figure 3.3: The five theory slides available

3.6.2 Freestyle

In the second part of the simulation learners were able to “play” with the simulation. The main
goal of this part was to let the learner get used to the interaction and functions of the simulation.
In order to achieve this a complete virtual, interactive model of the ForceTriad was developed.
This virtual model not only looks like, but also reacts and sounds like the real life device. All
the details were artificially reproduced, such as alarm reporting by the device. Users were able
to select and connect cables and foot pedals but also switch on and apply settings on the device.
This could be done by moving the mouse cursor of the target of choice. The choice of interactive
device (computer mouse) was done based on the fact that for most people this is a well-known
way of interacting with a computer. Other interactive devices such as joysticks and datagloves
are not as prevalent. The cables and foot pedals were fotographed and these images were used to
visualize them in the simulation. To prevent the user from memorizing each picture by other cues
than intended, all the images were taken on 3 different backgrounds and different angles (figure
3.4 and 3.5 show examples of this process). Another possibility of presenting the cables, was to
build virtual models for each of the cables, but this demands more time and programming skills,
whilst it is believed that the effect of using pictures can be just as effective. The pictures enlarge
by scrolling over them with the mouse cursor. In this way the user can get a better view of them
before actually making a choice of which item to select. The images are represented next to each
other and gradually increase in size when scrolling over them with your mouse.
During freestyle the user is allowed to engage freely with the virtual device as he or she would be
able in real life. In this way users can get familiar with the working of the simulation and learn in
an explorative way. A screen shot of what the virtual ForceTriad looks like is shown in figure 3.6.

Figure 3.4: Pictures of monopolar adapter with different backgrounds

3.6.3 Training

For the training part of the simulation the same virtual model was used. The difference between
the freestyle and training part of the simulation is that in the training part users are given assign-
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Figure 3.5: Pictures of monopolar laparoscopic cable with different backgrounds

Figure 3.6: Screenshot of Simulation during Freestyle part

ments to complete, whereas in the freestyle part users were free to experiment and play with the
simulation. The training part of the simulation is primarily meant to learn the tasks related to the
operation procedures (procedural knowledge) of the ForceTriad. These tasks are largely motoric
patterns with cognitive/visual factors, comparable to tasks needed to drive a car. The tasks and
the order in which they need to be performed are practiced in the form of assignments which should
finally result in an automatic recalling of the information by the learner. This way of learning is
seen as an active process were knowledge is constructed (constructivism as discussed in chapter 2).
By making it possible for learners to interact with the simulation one of the important features of
the adult learning is provided: Active participation. The training part is divided into 3 levels: (1)
Beginner, (2) Proficient, and (3) Expert. Increasing problem difficulty makes the learning more
challenging, engaging and effective. The higher the level, the less feedback is given. This is the
application of the, so called, “scaffolding” mentioned in chapter 2 were effective learning is achieved
by decreasing the amount of feedback (prompting, guidance) over time and hereby allowing the
final skill level to be elicited by naturalistic cues.

Feedback is given in the form of a pop-up message which states whether or not the assignment has
been done accordingly. The feedback given by the simulation is of explicit form [15]. The simulation
assists the learner provides explicit feedback and thereby takes the role of tutor, pointing out the
learners’ mistakes. Furthermore, the trained assignments are realistic, for learner relevant real life
tasks which need to be executed in real life. During the training the learner is not bothered with
background literature information or global understanding.

. Beginner : At this level each of the five power modes (as mentioned in the task inventory) are
individually trained. Each mode is divided into subtasks which the learner has to complete.
Only when the learner has done so can the following subtask be attempted. In a way the
learner is guided point by point on how to set-up the ForceTriad for the five different possible
interventions. These subtasks were presented in text next to the image of the FT (figure 3.7).
Upon completion of each subtask a green check mark was displayed behind the subtask. When
the wrong choice has been made a pop-up screen appears stating why the selected item is
incorrect (figure 3.8).

. Proficient : At the proficient level the five possible set-ups are still trained individually, but
without the addition of subtasks. Learners have to know up front what the steps are and
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Figure 3.7: Screenshot Simulation during Training at Beginner level

Figure 3.8: Screenshot showing the feedback pop-up when making a wrong selection
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Figure 3.9: Screenshot Simulation during Training at Proficient level

complete the assignment without any feedback during the exercise. Only when the learner
thinks he or she has finished the assignment can they ask the simulation if it was done
correctly. This is done by pressing a “done” button (see figure 3.9). The system then “tells ”
the learner if everything was done successfully or, in case not, what stills needs to be done(see
figure 3.10).

. Expert : At the expert level learners are prompted to set-up the medical device for multiple
interventions. Three combinations of three main goals are trained. As in the proficient levels
learners only get feedback when they themselves click on the “done” button.

The use of a pop-up message as form of feedback is not the only option for giving feedback. Other
options to provide feedback include the use of audio, animations and/or video recordings. The
reason why a text-message was chosen above the other options was that by providing the feedback
in text form gives the learner an overview of all the incomplete/incorrect actions. The learner can
read this at his or her own pace.
Another design choice was the application of different cognitive/difficulty levels. This simulation
consists of training the basic skills of setting up the ForceTriad. It does not include elements such
as communication with the surgeon, or in between changes of settings. Another option of increasing
difficulty is to create a storyline which covers not only the set-up but also a whole surgical procedure
where elements such as communication and shutting down the device are included. However, the
focus of this research was to validate whether or not the basic skills can be improved by applying
a training simulation so no additional story lines were used in the simulation.

In table 3.2 an overview of the specifications related the developed simulation.
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Figure 3.10: Screenshot of feedback pop-up during proficient training

Table 3.2: Specification overview Simulation

Design platform Adobe R©Flash R©Player 10.1
Input device Computer mouse
Output device Standard high-resolution monitor
Computer requirements 450-mHz processor, 128 MB RAM, and 128MB of graphics memory
Sense of immersion Non-low
Interaction Navigate through, modify parameters, and manipulate content
Feedback Explicit feedback [15] using pop-up text message
Cognitive levels available Beginner, Proficient, and Expert

3.7 Summary

This chapter discussed the content of the simulation. This included the choice of the medical device
and the tasks related to effectively operating the device. The medical device chosen is called the
ForceTraid and was done in consultation with the LUMC. The ForceTriad is an electrosurgical
device able to deliver three main power modi. Each power mode has its own subtasks which needs
to be executed. A task inventory for all the different possible setups resulted in an assessment
form consisting of twenty-three possible errors during the handling of the device. This information,
together with the quality criteria stated in chapter 2, was then used to develop and produce an
interactive simulation of the ForceTriad. This simulation not only looks like, but also reacts and
sounds like the real life device. The simulation consists of three main categories: (1)Theory,
(2)Freestyle, and (3)Training. Furthermore the training part of the simulation consisted of three
difficulty levels. The higher the difficulty the less direct feedback is given. The feedback was given
in the form of pop-up screens which stated, in text, what was done incorrectly. In the following
chapter the method used for evaluating the simulation will be discussed.
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4 Evaluation method

Prior to implementation of a new training tool, evaluation and validation of the tool is mandatory.
Subjective approaches to validation include content and face validity. Examples of more objec-
tive and quantative approaches to validation are concurrent and construct validity. The aim of
the current study was to establish content, face, and concurrent validity of the simulation, the-
reby determining how effective the simulation is for training the skills necessary to handle medical
equipment:
Content validity is generally defined as “an estimate of the validity of a testing instrument based on
a description of the contents of the test items” or a judgment about what domains the instrument
trains (e.g., procedural skills) [24, 25]. Content validity is also defined as the assessment of the
appropriateness of the simulation as a teaching modality [62]. According to this definition content
validity involves evaluation by experts knowledgeable about the device. This determines whether
the simulator can realistically teach what it is supposed to teach.
Face validity refers to whether the model resembles the task it is based on and addresses the ques-
tions to what extent the environment simulates what it is supposed to represent and whether it is
considered useful for training [24].
Concurrent validity compares the relationship between the test scores on the trainer(training si-
mulation) under evaluation and the scores achieved on another instrument(traditional training
method in the case of this research) [24].

4.1 Target group

The target group for determining concurrent and face validity consisted of 18 certified opera-
ting room nurses employed at the medical center in Leiden: Leids Universitair Medisch Centrum
(LUMC). In this study, a “certified nurse ” was defined as having at least 3 years of working ex-
perience and possessing a diploma which states he or she has finished the education for operating
room nurses. The reason for choosing this specific group is that they are the ones responsible for
setting up and closing the OR. This includes handling medical equipment. Connecting, applying
correct settings, and following protocol. The characteristics of the group are summarized in the
table 4.1.

Table 4.1: Participant characteristics

Total n (male : female) 18 (2:16)

Median age in years (range) 30 (23-56)
Median experience in years (range) 9 (3-31)

These 18 nurses were randomly divided into two groups each consisting of 9 nurses. One group
was trained using the designed simulation, whereas the other group was trained by the expert
nurse according to the physical, and personal way of training applied at the LUMC. For clarity
the group trained using the simulation will be called the Simulation Trained (ST) group while the
other group will be named the “Real life Trained” (RT) group for the remainder of this article.
The ST group was introduced to the simulation between July 1 and July 27, 2010. During this
same period of time the RT group was trained using the conventional training method of the LUMC.

Real life training: The members of the RT group were all individually given a training about the
ForceTriad by a mentor nurse as is normally the case for OR nurses. The training they received is
part of “refresh course” where the mentor verbally and physically explains and demonstrates the
basic tasks related to de FT. This “refresh course” is given once a year, but its effectiveness has
not yet been validated. The duration of this training session was about 10 minutes for each OR
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nurse.
Simulation training: The nurses of the ST group, individually, followed 2 training sessions using
the simulation. The nurses were first all introduced to the simulation by an explanation of the
goals of the training system and a hands-on tour of all the components of the program (Freestyle
part of the simulation). The first session was done in approximately 20 minutes, while the second
training sessions took approximately 15 minutes to complete. During the first session of the simu-
lation training members of the ST group completed the theory, freestyle, and beginner level of the
simulation. In the second session they completed the proficient and expert level of the training.
The simulation training was performed on computers located in a computer room at the LUMC
(figure 4.1).

4.2 Content validity

To determine content validity the information of the FT was obtained from literature (theoretical
working principle), the hospital (available protocols), and the manufacturer of the device (the user’s
manual). Furthermore, the author physically interacted with the device in order to get a better
understanding of the device’s reaction to certain interactions. To determine the appropriateness
of the simulation as teaching modality a demonstration of the simulation was given to the nurse
manager and expert nurse4. During the demonstration the different features were explained and
presented. With their approval content validation can be established.

4.3 Face validity

As mentioned the ST group was trained using the simulation. To determine face validity the opi-
nion of the nurses about the simulation needs to be evaluated. Therefore the participants of the
ST group were asked to give their opinion about the training system by completing a questionnaire.

4.3.1 Questionnaire

: This questionnaire consisted of 16 questions about the simulation. The questions were partly
adapted from a questionnaire previously used in a study on face validation of another simulation
trainer [27] designed for training basic endoscopic skills of surgeons. The first part of the ques-
tionnaire comprised three questions about the first impression, design, and user-friendliness of the
simulator and three questions about the training capacities of the simulator. The questions in
the first part of the questionnaire had to be answered by rewarding a mark on an ordinal scale,
ranging from 1 (very bad/useless) to 5 (excellent/very useful). The second and final part presented
ten general statements about the suitability to train surgical residents with the simulator. These
statements had to be answered with “agree”, “disagree”, or “no opinion”.

4The expert nurse is responsible for providing additional training for OR nurses
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Table 4.2: Face Validity questionnaire Part 1

PART 1: What is your opinion about...
(1 = very bad/useless and 5 = excellent/very useful) 1 2 3 4 5
First impression
appearance and design of the software O O O O O
user-friendliness of the instrument O O O O O
level of realism of the software O O O O O
Training capacities
identifying cables / foot pedals O O O O O
identifying interface buttons / connection ports O O O O O
procedural tasks O O O O O

Table 4.3: Face Validity questionnaire Part 2

PART 2: Statement: The simulation... Agree Disagree No opinion
is useful to train skills for the ForceTriad O O O
can become useful to train skills for the ForceTriad O O O
is useful instrument to train procedural skills O O O
can become useful to train procedural skills O O O
is useful for identifying cables / foot pedals O O O
can become useful for identifying cables / foot pedals O O O
is suitable for training at home O O O
is suitable for training at the hospital O O O
could be used as a tool to determine nurses’ competence O O O
I would use it in my own time as back up information O O O

4.4 Concurrent validity

To establish concurrent validity the 18 nurses were randomly divided into two groups each consis-
ting of 9 nurses. One group was trained using the designed simulation, whereas the other group
was trained by the expert nurse according to the physical, and personal way of training applied at
the LUMC.

In order to determine concurrent validity the performance of the ST and RT group needed to be
evaluated. This was done two times in the form of a pre and post test. The pre test was performed
for all the nurses prior to receiving any additional training. This test was done using the assessment
form presented in table 3.1. After having received their training both groups were again tested
(post-test) using the same assessment form from the pre-test. By comparing the results (amount
of errors observed) one can make statements concerning concurrent validity.

4.4.1 Experiment

: The setting of both the pre-, and the post-test was at the LUMC. The pre test was performed
unannounced during working hours. Each of the nurses was individually tested by verbal assi-
gnments consisting of setting up the FT for all the five different modes. The amount of errors
were tallied according to the assessment form of table 3.1. During the pre- and post-tests errors
were tallied for the three categories discussed in chapter 3: (1)Procedural, (2)Connection, and
(3)Identification errors. These tests were also captured on video with the consent of the nurses.
As mentioned the ST group and RT group received their own type of training and received this
training in July 2010. Members of the RT group were all individually given a training about the
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Figure 4.1: Nurses training with the simulation

FT by a mentor nurse as is normally the case for OR nurses, physically showing and explaining
the different functions and tasks related to the ForceTriad. The nurses of ST group followed 2
training sessions using the simulation. The first session was done in approximately 20 minutes,
while the second training sessions took only 15 minutes to complete. The introduction to the
simulation consisted of an explanation of the goals of the training system and a hands-on tour of
all the components of the program (Freestyle part of the simulation). During the first session of
the simulation training the nurses completed the theory, freestyle and beginner level of the simu-
lation. In the second session they completed the proficient and expert level of the training. The
simulation training was performed on computers located in a computer room at the LUMC (figure
4.1). A month after having received the training all participants performed a post test that was
identical to the pre test. During the pretest and post test, the errors (identification, procedural,
and connection errors) were tallied.

The collected data was analyzed using the Statistical Package of Social Software (SPSS) version
17.0. The Wilcoxon signed rank test for non-parametric data was used to analyze statistical
differences between the amount of errors made during the pre- and post-test by the RT- and ST
group. Statistical significance was considered when p was less than 0.05.
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5 Results

5.1 Content validity

The tasks given in the training simulation are designed to train procedural and cognitive tasks
related to the set-up of the ForceTriad (FT). During the training the nurses were asked to set-up
the ForceTriad for each of the different power modes. The tasks could be performed at three
different difficulty levels. With the use of a computer mouse users could virtually switch on the
device, select and connect cables, and apply settings if applicable as in the real world. This was
possible by moving the mouse cursor over the button/cable of choice and selecting them with a
single mouse click. The learner was given feedback when a task was not, or incorrectly performed
(e.g. not connecting a necessary cable or foot pedal). No error registration was made with the
simulation.
Furthermore, a demonstration was given to the nurse manager and expert nurse of the LUMC.
The demonstration included a walk through of the three parts of the simulation (theory, freestyle,
and training). In their opinion the simulation is appropriate to train the basic skills for which it
was designed. By their approval, the appropriateness of the simulation, as teaching modality, and
content validation was established.

5.2 Face Validity

The results of questionnaires filled out by ST group will now be presented.

5.2.1 Questionnaire results part 1

First impression
Table 5.1 shows the mean values of the scores for the first impression of the simulator. All the
given values were at least 4. The highest mean score of 4.4 was given for the appearance/design,
and level of realism of the simulation. The lowest value of 4.0 was given for the user-friendliness.

Training capacities
Table 5.1 shows the mean values (including standard deviation) of the scores for the first impression
and training capacities. The training capacity of the simulation received a rating, with mean
scores, ranging from 4.1 till 4.3. The highest score in the category training capacities was given
to training of procedural tasks(4.3). Training of identifying cables received a score of 4.2 and the
training capacities related to the interface buttons was given a mean score of 4.1.

Table 5.1: Results Part1 Face validity (1 = very bad/useless and 5 = excellent/very useful)

What is your opinion about... Mean SD

First impression
appearance and design of the software 4,4 0,5
user-friendliness of the instrument 4,0 0,8
level of realism of the software 4,4 0,7
Training capacities
training of identifying cables / foot pedals 4,2 0,4
training of identifying interface buttons / connection ports 4,1 0,7
training of procedural tasks 4,3 0,5
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5.2.2 Questionnaire results part 2

At least 88.8% of the nurses agreed on statements concerning the usefulness of the training simu-
lation. When asked if they would use the simulation in their own time or at home 55.6% chose for
the no opinion option. All of the nurses agreed on the statement that the smiulation is suitable
for training at the hospital.

Table 5.2: Results Part2 Face validity statements

Statement: The simulation... Agree Disagree No opinion
is a useful to train skills for the ForceTriad 88.8% 0.0% 11.2%
can become a useful to train skills for the ForceTriad 100% 0.0% 0.0%
is a useful instrument to train procedural skills 88.8% 0.0% 11.2%
can become a useful to train procedural skills 100% 0.0% 0.0%
is useful for identifying cables / foot pedals 100% 0.0% 0.0%
can become a useful for identifying cables / foot pedals 100% 0.0% 0.0%
is suitable for training at home 44.4% 22.2% 33.4%
is suitable for training at the hospital 100% 0.0% 0.0%
could be used as tool to determine nurses’ competence 100% 0.0% 0.0%
I would use it in my own time as back up information 44.4% 0.0% 55.6%

5.3 Concurrent validity

During the pre-tests a total of 26 errors was observed (see figure 5.1). These errors are now divided
according to the categories defined by the task inventory of chapter 3:

. 13 Connection errors: In 6 of the cases nurses forgot to connect a necessary adapter for
the monopolar laparoscopic cable and in 3 cases this adapter was not pushed in deep enough
for the system to recognize it. The bipolar laparoscopic cable was connected to the wrong
connection port 2 times, and this was also observed 2 times for the bipolar “open” cable.

. 8 Identification errors: When asked to identify a certain foot pedal 2 different nurses
identified the bipolar foot pedal incorrectly, and 4 nurses did not correctly identify the bipolar
laparoscopic cable. In 2 cases nurses wrongfully identified the monopolar laparoscopic cable.

. 5 Procedural errors: During the setup 2 nurses did not wait until the, so called, self test
of the ForceTriad had been completed prior to taking further steps. In the 3 other cases
nurses first applied the settings and than connected the cables, while this should be done in
opposite order.

During the post-tests a total of 15 errors was observed (see figure 5.1). Dividing these errors
accordingly results in the following errors:

. 9 Connection errors: In 1 of the cases a nurse forgot to connect a necessary adapter for
the monopolar laparoscopic cable and in the other 8 cases this adapter was not pushed in
deep enough for the system to recognize it.

. 3 Identification errors The bipolar foot pedal, laparoscopic, and open cable were wrong-
fully identified.

. 3 Procedural errors: In 2 cases the nurses first applied the settings and than connected
the cables and another nurses did not wait for the self test to complete.
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Figure 5.1: Number of errors observed during pre- and post tests

Dividing these results into individual performance of the nurses gave the following result: of the 18
nurses who participated in this research 8 (44%) made less errors after having recieved additional
training and 9(50%) of the nurses’ performance stayed the same, and only 1(6%) nurse made more
errors after having recieved additional training. In figure 5.2 the errors made, during the pre-test,
by each of the 18 nurses is shown graphically and subsequently in figure 5.3 the errors made during
the post-tests, by each of the nurses, are presented in the same manner.

In total a reduction of 11 errors(42.3%) were observed for the whole target group after having
recieved additional training. Details on all the errors made by each individual can be found in
appendix B. Next, the results of the pre and post test will be presented separatly for both the RT
and the ST group.

Figure 5.2: Pre-Errors made by each individual

Figure 5.3: Post-Errors made by each individual
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5.3.1 Real life Trained group

For the RT group a total of 15 errors (6 connection, 7 identification, and 2 protocol) were observed.
Post tests revealed that this amount declined to a value of 11 errors (6 connection, 3 identification,
and 2 protocol).
This means a reduction of 4 errors (27%) for the RT group.

Figure 5.4: Pre- and Post errors RT group

Dividing these results into individual performance of the nurses gave the following result: of the 9
nurses who followed the traditional real life training 3 (33%) made less errors after having recieved
additional training, while 5 (55%) of the nurses’ performance stayed the same, and 1 (12%) made
more errors after having recieved additional training. In figure 5.5 the errors made by each of the
9 nurses, during the pre-test, is shown graphically. Subsequently in figure 5.6 the errors made,
during the post-tests, are presented in the same manner.

Figure 5.5: Pre-Errors made by each individual, RT group

Figure 5.6: Post-Errors made by each individual, RT group
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5.3.2 Simulation Trained group

The ST group made a total of 11 errors (7 connection, 1 identification, and 3 protocol) during the
pre-test. During the post test this number reduced to 4 errors (3 connection, 0 identification, and
1 protocol).
This means a reduction of 7 errors (63%) for the ST group.

Figure 5.7: Pre- and Post errors ST group

Separating these results for individual performance of the nurses gave the following result: of
the 9 nurses who followed the simulation training 5 (55%) made less errors after having recieved
additional training, while 4 (45%) of the nurses’ performance stayed the same, and 0 (0%) made
more errors after having recieved additional training. In figure 5.8 the errors made by each of the
9 nurses, during the pre-test, are shown graphically. Subsequently in figure 5.9 the errors made
during the post-tests, are presented in the same manner.

Figure 5.8: Pre-Errors made by each individual, ST group

Figure 5.9: Post-Errors made by each individual, ST group
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5.3.3 Simulation training versus real life training

Table 5.3 shows the mean of the amount of errors made during the pre- and post-test for the RT-
and ST-group. Notice that mean value, of errors made, decreases in the RT- and ST group from
the pre test to the post test.

Table 5.3: Number of errors observed for the ST and RT group during the pre- and post-tests.

Pre-test Post-test p Valuea

RT group mean 1.66 1.22 0.257
SD 1.24 1.22 –

ST group mean 1.22 0.44 0.038
SD 0.62 0.49 –

a Wilcoxon signed-rank test

In figure 5.10 the results of the error reduction of the RT and ST group are put alongside each
other.

Figure 5.10: Pre- and Post errors of the RT and ST group

48



5.3 Concurrent validity 5 RESULTS

5.3.4 Errors per power modi

Summarizing these errors for each of the three power modi available on the forcetriad (Bipolar,
monopolar, and ligasure) we see that during the pre-test approximately 50%(13/26) of the er-
rors were made during setting up the ForceTriad for monopolar procedures and approximately
42%(11/26) of the errors were made during the set up of bipolar procedures(Fig 5.11). During the
post tests approximately 66.6%(10/15) of the errors were related to the monopolar power modi,
while 26.6%(4/15) were bipolar related. No errors were observed during the pre- and post-tests
setup of the Ligasure power mode.

Figure 5.11: Number of errors per power mode
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Structured training and assessment of skills, related to medical equipment, is an important issue
in healthcare [3]. The occurrence of errors related to medical equipment have been quantified [23]
and the lack of proper training and assessment, related to medical equipment, has been identified
by several studies as one of the main reasons for this problem [5, 7]. The current training method
can comprise patient safety and is limited by the availability of mentors and equipment itself. The
application of VR as training simulations could resolve such problems and is already considered
and proven to be a valuable training application in other fields such as aviation and surgeons’
training of laparoscopic skills [6]. However, the application of VR for the training of skills related
to medical equipment has not yet been investigated to the knowledge of the author.

User’s performance
The experiment, conducted to determine concurrent validity, showed a significant increase in per-
formance for participants of the ST group (p Value of 0.038). The number of errors observed for
the RT group did reduce, but this change was not significant (p Value of 0.257). An explanation for
the difference in performance could be the fact that the training of these nurses was not limited to
an explanation, but the nurses actually practiced and got immediate feedback when making wrong
decisions during simulation training. Whilst during the traditional way of the refresh training the
nurses only got a verbal and visual explanation on how the device works. This result does corres-
pond with statements in literature about adult learning (adults acquire skills more effectively by
active participation). Also, the members of the RT group got no feedback when actually applying
their skills in the OR. During the real life training no “hands on” exercise sessions were included.
It should also be noted that the RT group received a training of 10 minutes, while the ST group
received 35 minutes of training (spread over 2 sessions). This means it has not been proven that
the active participation during the ST training results in a more effective training method. But,
members of the ST group trained without mentor. Assigning a mentor which coaches and observes
the nurses (as was the case for the RT group) is time consuming for hospitals and often logistically
problematic to make possible.

Simulation design
Designing a training simulation requires knowledge about how humans effectively acquire know-
ledge and skills and how to apply this in a virtual world. According to the adult learning theory,
adult learners prefer learning that involves active participation, practical experience, variety, feed-
back, and real world problem solving [12]. To enable this, in a virtual world, the simulation needs
to suffice certain design criteria such as a high level of interactivity and the delivery of corrective
feedback to the user. Implementing the different quality criteria defined by Reichert [15] can be
done in different ways using the available technologies VR has to offer. For example, the use of a
pop-up message as form of feedback is not the only option for giving feedback. Other options to
provide feedback include the use of audio, animations and/or video recordings. The reason why a
text-message was chosen above the other options was that by providing the feedback in text form
gives the learner an overview of all the incomplete/incorrect actions. The learner can read this at
his or her own pace.
Another design choice was the application of different cognitive/difficulty levels. The developed
simulation focuses on training the basic skills of setting up the ForceTriad and does not include
elements such as communication with the surgeon, or in between changes of settings. Another
option of increasing difficulty is to create a storyline which covers not only the set-up but also a
whole surgical procedure where elements such as communication and stress are included. Howe-
ver, the focus of this research was to validate whether or not the basic skills can be improved by
applying a training simulation so no additional storylines were used in the simulation.
Although the results of this article show that the application of the simulation training has resulted
in an improvement of performance by OR nurses (63% less errors observed for the ST group), the
chosen design features might not have been optimal. Future research is needed to find an optimum
application of the different features and the effect they have on the learning curve. Examples in-
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clude researching the effect of different types of feedback and the addition of a more broad storyline.

User’s opinion
The results of this study show that the developed training simulation was well received by the
participants. According to the results of the questionnaires filled out by the OR nurses, the
first impression and training capacities were rated high (procedural, identification, and connection
tasks). The user-friendliness of the simulation got the “lowest” rating (4.0) which is still high on
a scale from 1 to 5. There were, however, also complaints concerning the simulation. Two of
the nurses complained that the presentation and selection of the images was not optimal. The
reason for this dissatisfaction could be the type of image representation used in the simulation.
The pictures enlarge by scrolling over them with the mouse cursor. The images are represented
next to each other and gradually increase in size when scrolling over them with your mouse. Due
to this presentation the user can get a better view of the images before actually making a choice
of which item to select. A more “stationary” presentation of the images could be a solution.
The participants also found that the simulation had a high degree of realism and believed that the
simulation can become a useful tool in training cognitive and procedural tasks related to the FT.
Although the nurses stated that they experienced a high level of realism during simulation trai-
ning it should not be forgotten that content validation was limited to the training of basic skills
related to the FT. Other factors like stress and communication during actual procedures were not
taken into account in this simulation. These are also important factors which can influence nurses’
performance. Future research could focus on implementing these issues in the form of scenarios
and hereby creating a more realistic training environment.
In general a large percentage of the ST group (88.8%) agreed with the statement that the simula-
tion is an useful tool to train. However, only 44.4% agreed that the simulation is suitable to train at
home, while 100% agreed that it is suitable to train at the hospital itself. This could indicate that
OR nurses do not prefer to train outside working hours or that the simulation is not motivating en-
ough. An in depth analysis of the target group could provide the answers to questions such as these.

Although care was taken to optimize the design of this study, face validity contains weakness be-
cause it is based on opinions. In order to reduce this weakness, questions were adapted from a
previously used questionnaire [60], which was used to determine face validity for a laparoscopic
surgical simulator. Because the tasks to be trained in the developed simulation differ to those of
the surgical simulator, the questions of the questionnaire were changed accordingly. However, sys-
temic errors can originate from the questionnaire. For example, the interpretation of questions can
differ among subjects because of suboptimal formulations. Also, the enthusiasm of the presenter
or the attractiveness of a new training system can bias the answers.

Simulations have many potential benefits, but skeptics also state many disadvantages of applying
VR as training environment. Disadvantages of VR simulations which are mentioned include the
costs and lack of realism. However, improvements in technology make is possible to design and
develop systems which are flexible, affordable, and more realistic. An example of a flexible, and
relatively low in cost, training simulation is the SIMENDO (laparoscopic surgical skills trainer)
[63]. Moreover, mobile training systems are especially interesting because several studies indicate
that VR training is likely to be successful when the training schedule is intermittent rather than
condensed into a shorter period of extensive practice [58, 59]. To easily implement such a schedule
it is favorable when the simulation is easily accessible (e.g. in every hospital or at home). The
developed simulation in this article was designed using the program Adobe R©Flash R©CS4, which
has the possibility to place the designed simulation online so that it is easily accessible on home
computers and computers from any place as long as there is an internet connection.
It is also well known that acquired skills can diminish over time if not trained frequently. For
example, when nurses do not work with a specific device for a while they could forget the basic
skills. These skills can be reinforced using the developed simulation which is relatively simple
when compared to the available laparoscopic simulators. The developed simulation is meant to be
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low priced, mobile, and especially suitable for training basic skills related to medical equipment
for example. It could be used as additional training tool to complement the conventional training
method giving the learner the ability to practice individually as often as they like. Training indivi-
dually is another advantage of the simulation, because they are not dependent on a mentor and/or
the availability of the medical device.

Simulation shortcomings
The simulation, however, has some weaknesses. One of these weaknesses is the fact that the tasks
performed in the simulation do not require the same physical actions of the OR nurses as it would
in real life. Instead, nurses used a computer mouse for connecting and selecting cables, whilst in
real life they can touch and feel the cables. In the experiment, for determining concurrent validity,
the members of the ST and RT groups were assessed on their competence of executing predefined
tasks. One specific task, which was connecting a necessary adapter for the monopolar laparoscopic
mode, required the nurse to physically align the adapter correctly with the connection port and
apply a significant amount of force before the ForceTriad recognized it. Not correctly aligning
and/or not applying significant force to the adapter was not trained in the simulation (making this
possible in the simulation would result in a more complex system).
During the pre-tests this type of error was observed 3 times, and during the post-test this error
was observed 8 times. A reason for this could be that the nurses correctly aligned the adapter by
chance. This observation does imply that, for specific cases of tasks related to medical equipment,
more could be needed to train than just a mouse click. The addition of haptic feedback could make
the simulation more realistic, but also far more complex and expensive. A less complex solution
could be the use of animations. Visualizing the correct placement of the adapter could result in
the desired effect. Important to note is that by not correctly taking into account such issues, could
result in a negative learning effect. It shows how, seemingly unimportant, design decisions can
have a big effect on the learning process.

Summarizing the results for the total amount of errors during the pre- and post-tests, without
the addition of the mentioned adapter error (so only focusing on the tasks which were trained),
resulted in figures 6.1 & 6.2. From these graphs it becomes clear that the ST group went from
11 to only 2 errors (72% less) , whilst the RT group went from 12 to 7 errors (44% less) observed
(excluding the adapter error).
In both scenario’s (including and excluding the adapter error) the ST group’s performance improved
more than that of the RT group. Including the adapter error the ST group went from 11 to 4
errors (63% less), whilst the RT group went from 15 to 11 errors (27% less).

Figure 6.1: Left: RT Group results including adapter error, Right: RT Group results excluding
adapter error

Another interesting result of this research showed that, of the errors which were observed, 0% were
made during the set-up of the ligasure mode (pre- and post tests). During the pre-tests and post-
tests most errors were observed during the set-up related to the monopolar power mode(pre:50%,
post:66%). The bipolar power mode was accountable for 42% of all the errors observed during
the pre-test and for 26.6% during the post-test. A possible reasons that most of the errors were
observed for the monopolar mode is the fact that setting up the monopolar mode requires more
steps to complete compared to the bipolar and ligasure mode. More tasks means more possibilities
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Figure 6.2: Left: ST Group results including adapter error, Right: ST Group results excluding
adapter error

for errors to occur. No errors were observed for the ligasure. This could be because the ligasure
has a prominent design. The colors of the foot pedal, instrument, and connection ports show a
lot of resemblence (all of the mentioned parts are purple, or have purple aspects on them). Also
the ligasure mode has less options which can be modified compared to the bipolar and monopolar
mode.
As mentioned in this article, the design of a medical device can also play an important role in
the occurrence of these errors. The ligasure mode of the ForceTriad is a good example, in the
authors opinion, of how design features can reduce errors. However, there will always be room for
improving equipment design, but this process is expensive. Once bought equipment will not easily
be replaced by hospitals.

This research has shown that both groups show a decrease in errors made after having received
training. The number of errors for ST group significantly decreased. The reduction of errors for
RT group was not significant. However, statements related to quantative measurements of this
research are very limited because of the relatively low amount of participants. In total 18 OR
nurses participated which makes a quantative comparison of errors not as reliable as one would
wish. Nevertheless, this is one of the first times such a simulation was specifically designed to
train skills related to a medical device (to the knowledge of the author) and the results show much
potential for further research. The results of this study can serve as a first insight for new research
projects focused on the same subject of improving skills for the operation of medical equipment.

53



7 CONCLUSION AND RECOMMENDATIONS

7 Conclusion and Recommendations

The objectives of this thesis included designing and validating a simulation meant to train basic
skills related to a medical device. In this chapter conclusions related to these objectives and re-
commendations for future research will be stated.
Simulation design:
A working prototype of a training simulation was developed meant to train basic skills related
to a medical device. The design was not based on available instructional frameworks, because
there are no clear and generally accepted protocols of equipment handling [23]. Instead the design
was based on a conducted task analysis, the adult learning theory, and quality criteria stated in
literature [15]. Quality criteria, which are believed necessary for good educational software, were
implemented in the developed simulation. These criteria included interactivity, incorporation of
different cognitive levels, and providing a form of feedback.
Validation:
Content-, face-, and concurrent validity were established. The simulation was found appropriate to
train the basic skills related to the FT. This study showed that OR nurses considered the developed
simulation to be a useful training device for identification, connection, and procedural tasks. The
OR nurses also appreciated the design and user friendliness of the simulation and stated that they
found it suitable for training at the hospital. Nurses which were trained using the simulation made
significantly less errors (p = 0.038) after having recieved additional training, whilst the nurses
trained using the traditional training method applied at the LUMC made 27% less errors made,
but this change was not significant (p = 0.257).

Recommendations for future research:
The results of this study gave valuable insights into which topics are of importance when designing
and developing a training simulation focused on training basic skills related to a medical device.
Future research could focus on what kind of effect the implemented different features of VR and
quality criteria have on the learning cycle of the OR nurses. Questions like How much interactivity
is necessary? and What form of feedback is optimal? for effectively training basic skills related to
a medical device using VR.
The number of participants (n=9), for each group, of this research was relatively low. To be able
to make a better quantative analysis of the effect of a training simulation more participants should
be included. A quantative measurement can also be made more objective by comparing the per-
formance of personell in different hospitals.
The results of this study show great potential for the application of a training simulation for medi-
cal equipment, but further research must be done to create a general understanding and accepted
training method and protocol related to medical equipment. This, together with quantative re-
search on the effectiveness of the training simulations are needed before hospitals will consider
implementing such a new additional training to the existing curriculum.
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A APPENDIX: Theory slides simulation

Figure A.1: Theory slide #1

Figure A.2: Theory slide #2
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Figure A.3: Theory slide #3

Figure A.4: Theory slide #4
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Figure A.5: Theory slide #5
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B APPENDIX: Individual performance results

Figure B.6: Errors nurse 1(RT)
PRE-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
1 Identification: Did not correctly identify the monopolar laparoscopic cable
0 Protocol:
POST-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:

Figure B.7: Errors nurse 2(RT)
PRE-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
1 Protocol: First applying settings than connecting cables
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Figure B.8: Errors nurse 3(RT)
PRE-TEST
1 Connection: The bipolar open cable was connected to the wrong port
1 Identification: Did not correctly identify the monopolar laparoscopic cable
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:

Figure B.9: Errors nurse 4(RT)
PRE-TEST
0 Connection:
0 Identification:
0 Protocol:
POST-TEST
0 Connection:
0 Identification:
0 Protocol:
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Figure B.10: Errors nurse 5(RT)
PRE-TEST
0 Connection:
0 Identification:
0 Protocol:
POST-TEST
0 Connection:
0 Identification:
0 Protocol:

Figure B.11: Errors nurse 6(RT)
PRE-TEST
0 Connection:
1 Identification: The bipolar foot pedal was not correctly identified
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
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Figure B.12: Errors nurse 7(RT)
PRE-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
2 Identification: The bipolar foot pedal & laparoscopic cable were not correctly identified
1 Protocol: Nurse did not wait for self test to complete
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
2 Identification: The bipolar foot pedal & laparoscopic cable were not correctly identified
1 Protocol: Nurse did not wait for self test to complete

Figure B.13: Errors nurse 8(RT)
PRE-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
1 Identification: The bipolar laparoscopic cable was not correctly identified
1 Protocol: Nurse did not wait for self test to complete
POST-TEST
0 Connection:
0 Identification:
0 Protocol:
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Figure B.14: Errors nurse 9(RT)
PRE-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
1 Identification: The bipolar laparoscopic cable was not correctly identified
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
1 Identification: The bipolar open cable was not correctly identified
0 Protocol:

Figure B.15: Errors nurse 10(ST)
PRE-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
POST-TEST
0 Connection:
0 Identification:
0 Protocol:
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Figure B.16: Errors nurse 11(ST)
PRE-TEST
0 Connection:
0 Identification:
1 Protocol: First applying settings than connecting cables
POST-TEST
0 Connection:
0 Identification:
0 Protocol:

Figure B.17: Errors nurse 12(ST)
PRE-TEST
1 Connection: The bipolar open cable was connected to the wrong port
0 Identification:
1 Protocol: First applying settings than connecting cables
POST-TEST
0 Connection:
0 Identification:
0 Protocol:
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Figure B.18: Errors nurse 13(ST)
PRE-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
1 Identification: Did not correctly identify the bipolar laparoscopic cable
0 Protocol:
POST-TEST
0 Connection:
0 Identification:
0 Protocol:

Figure B.19: Errors nurse 14(ST)
PRE-TEST
0 Connection:
0 Identification:
1 Protocol: First applying settings than connecting cables
POST-TEST
0 Connection:
0 Identification:
1 Protocol: First applying settings than connecting cables
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Figure B.20: Errors nurse 15(ST)
PRE-TEST
0 Connection:
0 Identification:
0 Protocol:
POST-TEST
0 Connection:
0 Identification:
0 Protocol:

Figure B.21: Errors nurse 16(ST)
PRE-TEST
2 Connection: No adapter placed for monopolar laparoscopic procedure & The bipolar laparoscopic
cable was connected to the wrong port
0 Identification:
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
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Figure B.22: Errors nurse 17(ST)
PRE-TEST
1 Connection: No adapter placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:

Figure B.23: Errors nurse 18(ST)
PRE-TEST
1 Connection: The bipolar laparoscopic cable was connected to the wrong port
0 Identification:
0 Protocol:
POST-TEST
1 Connection: The adapter was not correctly placed for monopolar laparoscopic procedure
0 Identification:
0 Protocol:
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