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Abstract

A virtual reality simulator, the Haptic Cow, has been developed vsing touch feedback technology
for training veterinary students to perform bovine rectal palpation of the reproductive tract. The
simulator was designed 0 supplement existing training and address some ol the dillicultics
associated with teaching palpation-bused skills. Students need to achieve a certain level of
proficiency hy graduation but this has become increasingly difficnit because of problems with
current training methods and a reduction in the number of opportunities to practice. A simnlator-
based teaching tool was developed as a potential solution. The first step involved designing a
simulator on the basis of requircments established through consultation with both veterinary
surgeons, as teachers, and students, as learners. Research was then undertaken to validate the
simulator by foilowing a set of established criteria described for the evalvuation of new
technologies used in medical education, The virtual models were assessed by experts as realistic
enough representations of the same structures in the cow. An experiment to assess the effect of
simulator training compared the performance of one group of students, whose training was
supplemented with a simulator session, with another group of traditionally trained students. The
subsequent performance for finding and identifying the uterus when examining cows for the [irst
time, was significantly better for the simulator trained group, indicating that skifls learned in the
simulator environment transferred to the real task. A project was also undertaken to integrate the
simulator into a curriculum, with training included as part of the farm animal course at the
University of Glasgow Veterinaty School. The training was well received by students, useful

feedback was gathered and the simulator continues to be used as part of the course.

Further developments were undertaken with the aim of creating a more versatile teaching (ool and
addressing some of the questions and issnes raised. An automated version of the Haptic Cow was
designed for students to use on their own, with computer guidance replacing the instructor’s role.
An evaluation found that the new version of the teaching tool was both usable and an effective
way of equipping students with the skills required to find and identify the uterns. The potential to
use haptic technology to investigate various aspects of performance was also explored in relation
to the question of hand choice for certain palpation-based skills: differentiating between objects on
the basis of softness and size. Ongoing research and development options are discussed, with the
aim of building on the current work by expanding the role of haptic technology in veterinary

education in the fuiure.
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Chapter 1: Introduction
1.1 Background and Motivation

1.1.1 Overview of Veterinary Education in the United Kingdom

‘There are six veterinary schools in the United Kingdom and nearly six hundred gradunates enter the
profession annunally (RCVS 2005; Hill 2006) with numbers predicted to increase in the near future
and a seventh school opening in the autumn of 2006. The traditional undergradnate coursc spans
five years, with basic sciences taught in the preclinical years followed by progressive development
of clinical skills in the third, fourth and final years. The majority of the course materiaf is delivered
through a combination of lectures, taboratory practicals and small group teaching. The clinical
iraining involves practical experience with patients, which is gained both at university and during

placement training, extramura! studies (EMS), in practices with veterinary surgeons.

The veterinary schools are required to provide training for work with ail the major domestic
species, broadly categorised as small animal, equine and farm animal, The standard is monitored
by the Royal College of Veterinary Surgeons {RCVS) and Quality Assurance Agency for ITigher
Lducation (QAA) and swdents must be able to demonstrate the required level of clinical
competence and scientific knowledge by graduation. There are guidelines that outline the
procedures a new graduate should be able to undertake, the ‘Day One Skills’ (RCVS 2001; QAA
2002). These include practical competence performing a thorough clinical examination of all

major body systems in each species.

The future of veterinary education and the profession has been the subject of a RCVS review
‘Veterinary Education: 2010 and beyond’ (RCVS 2001). There is increasing difficulty providing
all students with the opportunities to develop the required clinical skills within the five year
course. Veterinary schools have an increasing role providing referral services to the profession and
consequenily the proportion of first opinion cases that students encounter at university is tending
to reduce. This means that ensuring students acquire the basic clinical and sorgieal skills and a
working knowledge of common cases is becoming more difficult. A recent survey of new
graduates indicated that in many cases they worked under minimal supervision and with fimited
access to assistance (Mellanby and Herrtage 2004). A high proportion reporled making mistakes
and in many cases this had a negative emotional impact on the individual. As one potential
solution to the challenges facing veterinary education, a move towards an equivalent to the pre-

registration year in medicine has been considered. This would involve continued training,




supervision and evaluation in the immediate postgraduate perivd. The scheme has been piloted
over the last three years and from 2007, a one yeur professional development phase (PDP) will be
compulsory for ajl new graduates. Another way of addressing some of the limitations in veterinary
training would be to allow students to specialise prior to graduation, which would mean that those
most interested in a particular area would have priority access to the available resources. However,
the RCVS review indicated that the profession considered the veterinary schools should continue
to provide a broad science-bascd cducation and cover all species, with specialisation being a
matter for the post-graduate period. A recent survey of final ycar students indicated that nearly
70% expected that their first job would be in mixed practice (Ward 2003), which requires skills for
all the main species. Therefore, in line with students’ post-graduate aspirations and the
expeclations of the profession, it is likely that veterinary undergraduate courses will continue to

need to provide all students with multi-species training.

1.1.2 Bovine Rectal Palpation: Traditional Training and Current Problems

Students need to learn a wide range of clinical skills in preparation for their work as veterinary
surgeons. One of the key procedures performed by farm animal practitioners is bovine rectal
palpation, which is used as part of a clinical examination and to diagnose pregnancy and fertility
related problems. The procedure is a routine part of farm animal work and one that new graduates
would be cxpected to perform with a basic level of competence. At the University of Glasgow
Veterinary School sindents are taught the anatomy and physiology of the reproductive tract in
preclinical years in lectures and have the opportunity to cxamine in vitre specimens in the
faboratory. In third and fourth year, this is followed by the pharmacology of lertility drogs,
pathology of reproductive disease and reproductive management techniques appropriate to modern
farming systems. The integration of these disciplines and their application in farm animal practice
depends on skilled performance of rectal palpation, manual examination of the reproductive tract,
uterus and ovaries in the pelvic and caudal abdominal areas of the cow. These skills are developed
while examining cows and considerable practice is required to identify structures accurately.
However, in the undergraduate curriculum there are difficulties associated with teaching farm
animal clinical skills, including bovine rectal palpation because access to cows is limited (Penny
2002). This is due, in part, to the increasing number of students per year together with animal
welfare guidelines that restrict the number and frequency of examinations allowed per cow
(Parkins and Harvey 2001). Therefore, students perform the majority of examinations while
undertaking EMS with veterinary surgeons on farms and may perform their first examination of a

cow with only minimal preparatory training in this invasive procedure. The current economic




climate facing British agriculture places both farmers and veterinary surgeons under considerable

time and financial pressure, which may further limit the students’ access to clinical cases.

Providing students with sufficient training for work in farm animal practice tmmediately after
graduation is dilficult, Inadequate skill levels way resultl in lailure to make the correct diagnosis
when performing bovine rectal palpation, which could have serious consequences. For example, if
certain drugs are administered inappropriately after pregnancy examinations, abortion may be
induced. Associated negligence claims are lodged more frequently against recent graduates than
more experienced practitioners (VDS 2004). Clinical training in both human and veterinary
medicine traditionally follows an apprenticeship model with novices learning under the guidance
of experts, observing, assisting and then performing the task with increasing level of participation
and responsibility (Meier er al. 2001). In the case of bovine rectal palpation, the teacher, the
velerinary surgeon, is unable to observe the student's technique inside the cow and cannot confirm
the identification of structures palpated or easily direct the exploration. Therefore, providing
guidance or giving accurate feedback on performance is difficult. Additionally, the student cannot
learn by watching and copying the veterinary surgeon’s actions, which means that the procedure
is, at least in part, self-taught. These problems would also apply to other internal examinations in
cattle and other species. There are also animal welfare issues to consider as there are concerns
about using real animals for training purposes as inexperienced operators may cause damage. The
current trend is to reduce, refine and repluce the use of animals as educational resources
{Martinsen and Jukes 2005). Overall, there is a need (o investigate new teaching techniques for
certain procedures, including bovine rectal palpation, if the universities are to continue to provide

a multi-species education lor the increasing numbers of students.

1.1.3 Simulatoers: A Potential Solution

A palpation skills simulator represents one possible way of supplementing existing training
methods for bovine rectal palpation. The training would be provided within the university
curriculum and could be standardised for all students. Currenily there is considerable variation
between EMS placements and this area of veterinary education is not subject to quality assurance.
An additional advantage would be that students could be equipped with skills prior to the first live
animal examination, with benefits for animal welfare, The tratning environment would need to be
realistic, enable the teacher to have a more effective input into the learning process, and equip the

student with relevant transferable skills.




Simulators have been used in medical tramning for many years. The modern mannequins are highly
sophisticated and can provide a wide varicty of clinical cascs, fecdback on performance and react
to the trainee’s actions. There is un increasing range of physical models of animals, or the relevant
parts, available in veterinary clinical skills laboratories, particnlacly for teaching minor procedures,
psychomotor skills and basic surgical techniques (Hart et af. 2005). For teaching rectal palpation,
in both cows and horses, several options ate available. In viro tracts are used routinely to illustrate
the anatomy and for students to practice palpation. Whole bovine cadavers have been used to teach
rectal palpation and abdominal swrgery (Van Camp et alf. 1988), although the specimens only
lasted for a short period before deteriorating. A fibreglass horse with preserved intestines has been
developed at the University of Velerinary Medicine, Vienna specifically for teaching rectal
examination of colic cases (Von Kiinzel and Dier 1993) and is in use at a number of veterinary

schools around the world.

A relatively new and rapidly expanding area of simulator development involves nsing computer-
generated virtwal reality. This can provide sophisticated 3D training environments with
representations of the patient or organ, and the surgical or other insiruments. In medicine these
have proved particularly applicable for minimally invasive surgery (MIS) and procedures (Liu et
al. 2003). A core skills simulator, MIST-VR {Mentice 2004), provides training for the component
skills used to perform minimaily invasive or ‘keyhole’ surgery. Other simulators have been
developed specifically [or laparoscopic and endoscopic procedures {AccuTouch, Immersion
Corporation), and for minor procedures including epidural injections (Dang et al. 2001), suturing

(Webster ef af, 2001}, and mtravenous catheter placement (CathSim, Immersion Corporation).

Some of the virtual reality simulators provide only a graphical representation of the patient but an
increasing number now incorporate some form of haptic {touch) feedback as well. The word
‘haptic’ is derived [rom the Greek haptein and means relating to the sense of touch. In computing
terms, this means interacting with a computer through the sense of touch rather than the more
traditional visual or avdio cues, and a range of devices have emerged over the last decade or so
that support touch related interaction. Haptic technology has been used in computer aided design
where, for example, a user can feel while sculpting virtual clay. Haptic feedback also provides
support for visually impaired users and has been incloded in interfaces developed to enhance a
range of activities including browsing graphical data (Wall and Brewster 2003). Many of the
medical virtual reality simulations now also include haptic feedback where the interactions of an
instrument or the physician’s hand with an organ can be felt and the tissue reaction visualised.

Providing high quality haptic interaction is particularly important for palpation-based procedures




where the clinician is in direct contact with the patient rather than indirectly throngh an instrument.
A few virtual reality simulators have been developed for medical procedures that rely on
palpation, inclading training tools for the detection of subsurface tumours (Langrana et al. 1997),
for the diagnosis of prostate cancer (Burdea et ¢l 1999), and a simulation for the palpatory
techniques used in osteopathic medicine and physical therapy: The Virtnal Haptic Back project
(Williams et al. 2004). The first virtual reality veterinary simalator, the Horse Ovary Palpation
Simulator (HOPS) was designed by Crossan (Crossan et al 2000; Crossan 2004) using a
PHANToM haptic device (Massie and Salisbury 1994; SensAble 2005). This was tollowed by the
development of a prototype bovine rectal palpation simuiator using the same technology during a

Master’s in Information Technology at the University of Glasgow by Batllie (Baillie 2003).

1.1.4 A Virtual Reality Simulator for Teaching Bovine Rectal Palpation

The work undertaken to develop a bovine simulator by Baillie (Baillie 2003) demonstrated that the
PHANToOM haptic device could be nsed to create a range of virtnal anatomical models, some of
which were rated by experts as realistic representations (Baillie er af. 2003). One of the key
advantages over traditional training was that the teacher could foliow the student’s movements
imside the virtual cow on the computer monitor, compared with the situation of standing beside a
cow, and therefore, could potentially provide more effective guidance. Students who took part in
an evaluation of the simulator-based teaching tool considered that training was vsefuf and that
their performance examining cows had improved. However, these results depended on student
assessment of their own performance, which may not be accurate. Additionally, some of the
improvement could have been attributed to reasons other than the haptic training. For example,
performance would improve over time as the student examines more cows and would also depend

on the on-farm experience, which is very variable.

Baillic (Baillic 2003) demonstrated that a bovine rectal palpation simulator developed using haptic
technology has potential (o address some of the issues facing training using traditional methods. A
decision was made to build on this promising start by continuing the project as a PhD. There is no
doubt that there is a need to find ways of supplementing existing training if students are to make
the most of the limited learning opportunities and to reach the required level of competence by
graduatton. The initial aim of the research work was to take a structured approach {o the design
and development of the simulator-based teaching tool and to address some of the issues that had
been raiscd by Baillic (Bailtic 2003). For example, the student feedback had isdicated that the
simulator would be most beneficial if used (o train students before examining cows. Therefore, the

specific learning needs of complete novices needed to be identified. A range of methods are



available for conducting requirements analyses to gather information from the relevant
stakeholders, in this case with veterinary surgeons, as experts and teachers, and students, as
learners. The information would provide the basis for the design of the simulator, which was to be
developed using an acknowledged framework for teaching packages (Laurillard 1993). The
computing challenges that needed to be addressed included developing the required range of
virtunal anatomical models. These needed to feel sufficiently lifelike when palpated. Additionally,
the learner would need to be able to perform all the stages of the procedure in the simulated
environment and the teacher would need to be provided with an interface that could be used Lo

direct the training.

The next major issue, and the main research work of the thesis, was to address the need to conduct
a thorough validation, without which the benefits of training could not be guaranteed. If the
simulator does not provide the skills, at best, the operator remains untratned and at worst, the skills
may be inappropriate and the animal or patient may be put at risk. A set of criteria have been
identified by Neufeld and Norman as a systematic way of assessing, or validating, simulators used
in medicine (Neufeld and Norman 1985). First, the design of the teaching tool needs to be
evalvated and in the case of the bovine simulator, the anatomical structures in the virtual
environment wonld need to be realistic enough and the training protocol structured in a way that
wonld deliver the required skills. There is also a need to demonstrate that skills acquired during
simulator training transfer to the real task. There have been studies that desecribe vndertaking one
or more of the stages of validation for both surgical and other clinical procedure virtual reality
simulators used in medicine, but only a limited number have demonstrated that training has
resulted in improved performance during the real task (Seymour et al. 2002; Schijven et al. 2005).
FFor palpation-based procedures, learning effects have been demonstrated on certain simulators and
for specific aspects of the tasks (Langrana ef af. 1997; Crossan ef al. 2002; Williams er al. 2004).
However, performance wuas measured either in the virtual environment or using in vitro specimens,
which arc only approximations for the real tusk. The evaluation of the bovine simulator developed
by Baillie (Baillie 2003), although vwndertaken during the real task, relied on students’ assessment
of their own performance during EMS and therefore, lacked independent verification and
standardisation. In the PhD, if the design meets the requirements for realisim and training needs,
the next stage will involve assessing the simulator’s worth as a teaching tool by conducting a
controlled trial und measuring trainees’ subsequent performance during the real task in an
objective way. Another aspect of validation relates to practical considerations, including
demonstrating that the new teaching technology can provide effective training in a real world

sitvation, Therefore, a trial will be undertaken to investigate the feasibility of including the



simiulator as part of a veterinary curriculum. Another practical consideration relates to the cost and
effort of one-to-one teaching. An alternative approach is proposed with the development of an
automated version to address the teacher-related issues, Such a version will present particular
design challenges as the feacher’s role will need to be replaced by computer gnidance. Work will
also need to be undertaken to ussess the validity of this version of the simmlator for skill

development.

The simulator has the potential to provide an accessible and effective teaching tool as a
supplemeni to existing training. Additionally, computer simulators provide tools with which to
measure and assess human performance. {f the hovine simuiator were used in this way,
information could be gathered about how the procedures are performed, which would have
benefits for teaching and learning. For students, the opportunities to gain hands-on experience are
increasingly limited aud therefore, finding ways of providing skills efficiently in alternative
environments is necessary. If given more effective training and preparation for examining cows,
students would be able to make better use of this valnable, but increasingly limited, learning
resource. There would also be benefits for the university, as the simulator would help to
standardise training and ensure all students have the opportunity to develop at least a basic set of
skills in a controlled enviromment. However, all of these perceived benefits depend on the
stmulator being proven as an effective training tool and therefore, the need to conduct research to
validate the simulator, using a structured approach and following an accepted set of criteria, cannot

be underestimated,

1.2 Thesis Statement

A virtual realily simulator, the Haptic Cow, developed to provide training for bovine rectal
palpation can be validated as a teaching tool. The simulator can be used to equip students with
uscful skills that are transferable to the real task. The simulated enviromment can also have a role

in investigating veterinary palpation-based skills.
The following research questions will be addressed to defend this statement:

a} In validating a haptic simulator designed to teach bovine rectal palpation the following

questions need to be addressed:
o Arc the representations of the bovine reproductive tract realistic enough?

o Will students trained with the simulator be equipped with skills that transfer to the real

task resulling in improved performance?




o [s it feagible to integrate the simulator into a curriculum?

b) Does the simulator provide a means of investigating various aspects of palpation-based
skills?

The chapters presented in this thesis, and summarised in the next section, will be structured to

address these questions.

1.3 Thesis Overview

Chapter 2 is a review of the literaiure and begins by introducing the term ‘haptic’ in relation to
buman perception and exploration. The field of computer haptics is described and the devices that
support touch-related interaction are compared. A review of simulators in medical and veterinary
training has been conducted with particular reference to those wsed for palpation-based procedures.
The methods for creating realistic lissue models and the challenges facing designers of virtual
reality training environments are discussed. Other roles for haptic technology are described
including enhancing other areas of human computer interaction and measuring various aspects of
performance. The final section covers the important issue of validation, without which the benefils
of new teaching methods and technologies cannot be guaranteed, A systematic approach for
validating simmiators is described and other work, which has been conducted to validate simulators

used in medical training, is reviewed.

Chapter 3 describes (he design and development of the simulator. First, a requirements analysis
was conducted with veterinary surgeons and students to determine the current problems and the
simolator’s role as a teaching tool for learning bovine rectal palpation. The approach to the design
of the simulator is described, which involved using an established method for developing
computer aided learning tools. The series of required virtual anatomical models and the design of
the teaching protocol, together with the resulting simululor-based teaching tool, the Haptic Cow,
are described. The final part of this chapter presents an evaluation undertaken with veterinary
surgeons to assess the simulator with regard to the degree of realisin of the virtual models and the

structure of the teaching protocol.

Tn Chapter 4, an cxperiment to determine whether iraining with the simulator equips students with
useful skills is described. The performance of two groups of students was compared, one group
received simulator training with a teacher and the other group, the control, had traditional training

only. The students were then set the task of finding the uterus when examining cows for the first




time. The cffects of training on skill development are discussed. Some of the benefits of vsing a

simulator and the limitations of the work are also considered.

Chapter 5 describes a project undertaken to integrate the simulator into a curriculum. The project
involved providing students with two simulator-based (training sessions and gathering feedback
using cuestionnaires, a focus group and during farm visits. The chapter finishes with a discussion
of the practical considerations and issues relating to providing training with the Iaptic Cow as part

of a curricalwm.

Chapter 6 describes the developiment and evaluation of an automated version of the simulator. This
work addresses one of the limitations of the simulator: the requirement for one-to-one teaching,
The ways of replacing the role of a human instructor with computer guidance are discussed and the
design of the automated version is described. An experiment is then presented to validate the
automated version in a similar way to the teacher-led version by comparing the performance of
simulator-trained students with a control group. The results of this experiment are discussed as
well as making a comparison with the teacher-led (raining. The chapter concludes with a

discussion about the wark undertaken to validate the Haptic Cow and conclusious are drawn.

In Chapter 7, a dillerent role for the simulator is explored, which involved measuring certain
aspects of human performance for palpation-based tasks. The motivation for the work is presented.
This related to a question oftcn asked by stndents: “Which hand should Y use (ro perforn rectal
palpation of a cow or harse)?” The guestion is irst addressed by gathering information through a
survey of veterinary surgeons about hand use and reasons for the choice. The relative perceptual
abilities of each hand are compared after reference to evidence {rom the literature. An experiment
is then described where the abilities of the left and right bands were compared when participants
performed some of the component tasks of bovine pregnancy diagnosis in the simulated
environment. The results are discussed in relation to the students® question about the choice of
hand. Other findings to emerge [rom the investigation abont learning palpation-based tasks are

presented and discussed.

Chapter § brings the thesis to a conclusion. The work undertaken to design and validate the
simulator, the Haptic Cow, is summarised. The contributions of the thesis to veterinary training
and simuluator research ure presented. The limitations of the simulator-based teaching tool and the
rescarch work are discussed. Options for future work arc presented and finally, conclusions are

drawn.




Chapter 2: Literature Review

2.1 Haptic Perception

The word haptic is derived from the Greek ‘haptein’ and is defined (Oxford English Dictionary,
2004):

“haptic, a. (and n.): Of, pertaining to, or rvelating to the sense of touch or tactile sensations.”

Touch is a very important and complex sense, which is highly developed in neonates and, although
in constant use, thereafter is often eclipsed by more obvious senses including sight and hearing,
We rely on our sense of touch to process information gathered during interaction with ohjects in
our environment from a range of different types of sensory receptor in the skin and the
musculoskeletal system. Fach receptor type has a distinct function and the processing of the
combined input provides an interpretation of the wide range of haptic information unans receive
while interacting with their environment. There are thirteen sensory afferents collecting
information and responding to stimuli, which are divided into four groups (Tohmson 2002). Three
types are located in the skin, (he culuneous system: pain or nociceptive; thermoreceptive, which
are sensitive to local and ambient temperature; and mechanoreceptive, which respond to tactile
information associated with deformation of the skin by pressure or vibration. These receptors are
positioned in one of the layers of the skin, the epidermis, dermis or subcutaneous tissue. The
fourth type of receptor, propricceptive sensors, provides information relating to kinaesthetic
perception, which involves feedback detecied during movement. These receptors are associated
with the musculoskeletal system and are located in muscles, tendons and joints, relaying
information about position in the environment and interactive loads or forces. The distinction
between the cutaneous and kinaesthetic systems of perception becomes important when defining

the types of haptic device and the interactions supported.

The central or cognitive processing of haptic information resuits in perception of the body’s
position and interaction with the environment and where appropriate, leads to a motor response
such as moving away from a painful stimulus. With regard to interaction with an ohject, the
sensory inputs are combined to provide information about a range of propertics including shape,
weight, temperatare, texture, position and softness (Johnson 2002). The sensory receptors are
distributed throughout the body with particularly high concentrations of skin receptors in the

fingertips. Therefore, the hands are a major instrument for the sense of touch with common
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inferactions involving maost, if not all, receptor types. Iowever, in reality, object recognition often

involves other senses, particularly vision, to guide and augment touch.

2.2 Haptic Exploration

Touch is a fully duplex channel, enabling the sending and receiving of information at the same
time. ‘Uhercfore, active exploration through the sense of touch combines with the processing of
passively acquired sensations from objects in contact with the body. Recognition of an object
through haptic exploration tnvolves a combination of hand movements capturing information
about that object. These movements have been classified into eight units called exploratory
procedures (Figure 2.1) by Lederman and Klatzky (1987). Each exploralory procedure provides

information about specific properties of an object:

» ‘Lateral Motion’ involves sideways movement with conlinuous contact between the object and
the skin to appreciate texture, rough or smooth and the degrees in between.

s ‘Pressure’ involves applying a force to part of an object that is fixed or stabilised by an
opposing force {rom a digit or the other hand. The surlace is depressed with a poking action to
perceive the firmness or compliance, the degree of objecl hardness or softness.

e ‘Static Contact’ when the hand rests on a fixed object supported externally on the other hand
or another object. The temperalnre of the surface is perceived in this way.

* ‘Unsupported Holding’ the object is lifted and rests on the hand which provides appreciation
of weight.

o ‘Encloswre’ the hand is mounlded around the object, enveloping the surface, which provides
assesstnent of global shape and volume.

e ‘Coniowr Following' the band moves over an object while maintaining contact combining a
series of smooth non-repetitive actions to assess exact shape and volume.

¢ ‘Part Motion Test’ this involves the act of making a part move in relation (o another part of the
same object and therefore, enables identification of moving parts.

¢ ‘Function Test’ executes a movement that performs an action relating to the object’s specific

function such as closing a pair of forceps while grasping tissue.

L1




t\

Latersl » Pressure

Iotion

™

!

R 3 Unsupported
- £ Halding
Contact

Static

i S

Enclosure /&ﬁ*\ - \ g"l‘;tw
ollowin
PN 2,V /aN g
@ , £
Function BOAT,
- -

Patt Motion
Figure 2.1. The exploratory procedures described by Lederman and Klatzky (1987) for
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determining object properties using touch.

Propertics of an object are categorised as substance-related properties (texture, hardness,
temperature and weight), stucture-related properties (weight, volume, global shape and exact
shape) and functional properties (part motion and specific function). This information about an
object is established using the movement patterns that are associated with each of the eight

exploratory procedures, used either individually or in combination.

Palpation is defined as “examination by feeling” (Oxford English Dictionary, 2004) and in
medical examinations the clinician will use a combination of exploratory procedures to gain
information about anatomical structures including the feel of normal and pathological tissue.
When a veterinary surgeon palpates the buvine reproductive tract the properties assessed for each
stracture include firmness, volume, global shape and exact shape. ‘Cexture is less important
because all the surfaces are covered with moist membranes. The firmness of an object is assessed
using the exploratory procedure of ‘pressure’; a force is applied to the object surface, which
depresses to a certain degree. Therefore, the bony pelvis is perceived as hard because the surface
does not deform when pressed whereas the pregnant uterns, with a fluid-filled lumen, feels soft as
the surface yields under pressure. The assessment of volume and shape are important for
identification of parts of the reproductive tract as well as other pelvic and abdominal structures and
for the diagnosis of pregnancy. The hand and digits perform ‘object enclosure’ and ‘contour
following’ to build up a picture of the object’s shape and size. The volume provides additional

information about the physiological state, for example a large follicle is close to ovulation and the
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cow is in, or about to enter, cestrus. During an examination, the information gathered {rom
exploratory procedures will be combined with anatomical knowledge of the relative positions of
structures to determine an object’s identity. For example, the nterns is in front of and aliached to

the cervix, lying on the pelvie floor or extending cranially into the abdomen.

‘The ability to process information gained from the sense of touch increases as skills develop, and
experts are able to feel and distinguish a great deal more than novices. This was considered, even
in the early 19" century, to he because people learn to make better use of the tonch organs,
focussing on touch and learning to move the hands more appropriately (Weber 1834: translation
1978). Training in haptic exploration will therefore, have un important role in the development of
touch dependant skills. A training cnvironment for a particular procedure will need to incorporate
the exploratory procedures identified for the task in the real patient or animal. If objects can be
created that are recognisable nsing the sense of ouch while performing the correct exploratory

procedures, this should provide the trainee with skills that would transfer to the real task.
2.3 Computer Haptics

2.3.1 Overview of Computer Haptics

The term computer haptics refers to the generation of virtual objects that a user can interact with
through the sense of touch (Srinivasan and Basdogan 1997). A range of devices have emerged
over the last ten years or so that support touch-related interaction with a computer generated
environment. These haptic devices allow users to expericnce a scnsation of touch and appreciate
physical form while exploring and manipulating simulated objects. Haptic feedback improves
certain types of computer simulation, making a case for the inclusion of this type of interaction. If
the real task includes a haptic component, providing haptic feedback in 1 simulated environment
should improve the realism and the user’s immersion in the task. For example, designing a three-
dimensional object with a conventional mouse provides a less natural interaction than using a
three-dimensional haptic device, which allows the user {0 navigate round and feel the object.
Haptic feedback can also be used to help the visually impaired vwse computers and has been
included in inteifaces developed fo enhance 4 range of activities including browsing graphical data
(Wall and Brewster 2003). The addition of haptic feedback has been shown to be beneficial for a
range of training environments and was built into the early flight simulators in the 1960s (Stewart
1963). Adams ef al. (2001) deanonstrated that providing force feedback during a manuaf assembly
task, building a Lego™ bi-plane, improved participants’ performance. Whereas, a simulation that

did not include haptic feedback, the knee arthroscopy simulator VE-KATS (Sherman ez «f. 2001),
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demonstrated only a weak correlation between performance and experience. This was considered
(o be because surgeons use haptic as well as visual cues during navigation within the joint and
thercfore, haptic [cedback should be an integral pact of such a simulation. A study that looked at
performance during 4 suturing lask found haptic [eedback was beneficial (Moody et al. 2003).
Participants who received haptic [eedback while using the simulator were faster and more accurate

than those who worked in the same virtnal environment but without haptic information,

There are a variety of factors that make computer haptics both challenging and viable, including
the increasing processing power of computers. The haptic presentation must be of high enough
fidelity to allow the user to interact with the virtual environment with imperceptible resistance or
impediments to movement. The human haptic system can sense vibration at in excess of 500Hz
(Minsky et af. 1990) and therefore, a system that provides update rates in excess of this will be
requitred for smooth interaction (whereas graphic update rates need only be around 30Hz). The
haptic device, as an additional component for human computer interaction, presents design
challenges for engineers and the development will need to operate within the cost constraints that

would provide commercially available versions as well as research tools.

FHaptic devices can bhe classified hroadly into two groups according to the way in which
information is refayed to the uvser, either through tactile feedback, providing stimulation to the
cutaneous system, or through force feedback, processed by kinacsthetic perception. The devices
provide feedback (output) to the user with torces, torques and sensations on the skin as well as
sensing and recording human movement (input). The tactile devices stimulate sensors in the skin
through temperature, pressure or vihration. This cau be delivercd as a pnevmatic stimulus where
jets of air are fired onto the skin, alternatively an array of pins vibrate against the skin. The tactile
devices provide awareness of a point of contact and, in some cases, the surface texture but have
timited support for the exploratory procedures identified by I.ederman and Klatzky (1987) vsed in

object recognition.

2.3.2 F'orce I'eedback Computer Haptics

The force [eedback haptic devices apply resistance at the user’s point of contact, restricting
movement and generating the illusion of contact with an object. The devices use motors, or
actuators, to generate the forces and the user’s point of interaction is supported in most cases via a
mechanical arm or glove. By adjusting forces and other parameters, including three-dimensional
coordinates, an environment can be created where the user can appreciate differences in the size,

shape and feel of a range of objects. For example, as a user touches a virtual wall the force apphed
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by the motors of the device stop the user's motion, preventing penetration of the surface, and the

wall is perceived to be solid.

‘I'here are a range of factors by which force feedback devices are classified both with regard to the
specifications provided and the quality or fidelity of the interaction. The forces generated by the
motors vary from a few Newitons 1o several hundred (Laycock and Day 2003) and a device’s
suitability for a given task rclates to the forces a human would use or experience while executing
the real procedure. The user explores the virtual enviroument in a number of dimensions, the
degrees of freedom. Thesc include translational movements in the X, y, and z plancs, which are
impostant for the performance of the exploratory procedures used for object recognition and
during a palpation-based procedure. A single degree of freedom would only allow onc-
dimensional movement, which would support for example, pressing of a button but ne further
exploration of the object surface. Some devices also provide rotational interaction, classitied as
pitch (around the x axis), roll (y axis) and yaw (z axis), and these could be used to simulate, for
example, an instrument being twisted during certain surgical procedures. The workspace size
varies between devices from a few centimetres to over a meter (Laycock and Day 2003) and the
degree of physical intrasion from the hardware should also be considered when modeiling a given
task. The user’s interaction with the environment will invelve body movements at different joints,
commonly wilh articulation at the wrist or elbow although some devices provide interaction for the
torso (Checcacci et af. 2003). The other factors to cousider are the number and application of the
points of contact. The user may have a single point of contact, via one finger (the PHANToM
device: SensAble) or multiple points on several digits {the Rutgers Master I: Bouzit er af. 2002)
ot the whole hand (CyberGrasp: Timmersion Corporation). The number of points of contuct affects
the user’s interaction with the virtual enviromment from just feeling a swrface to manipulating and
grasping objects, The uvser’s interaction may be supported by suspension from the device, which
will thercfore, be grounded on a desktop or the floor or via an cxoskeleton over a glove or the
hand. In the latter case, the weight of the device is an important consideration unless the actuators

can be positioned remotely.

There are a variety of different types of force feedback haptic device providing the nser with a
range of levels of interaction with a virtual environment. A mouse or joystick can relay tactile or
force feedback and provides added aspects to computer gaming and personal computing
(TouchSense: Immersion Corporation). In computer-aided design, haptic devices augment
traditional graphic displays, allowing more intnitive hand-eye coordination while modelling

products, and this has been used to cnhance the design of toys and footwear (SensAble),
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Antomobsle engineers have used a large haptic device to test the design of a vehicle in the virtual
environment before entering the construction phase, when modifications becoime more expensive
to implement (SensAble). One of the largest areas for haptic applications is in the medical world
where the devices are used to provide training envirommnents for a variety of procedures including
minimally invasive surgery and palpation-based examinations, and for certain patient treatment
regimes. A range of force feedback haptic devices used in medical and other fields will be

cansidered in the next section.

In the main, computer haplics have been used to increase the realism experienced when users
interact with objects in virtual environments, providing feedback via the sense of touch. However,
the force feedback can also be used W guide or ussist users during tasks, providing haptic
guidance. For cxumple, gravily wells acting like magnets have been shown to be helpivl when
visnally impaired users were trying to find targets in a virtnal environment (Wall et al. 2002). The
forces can be used to control unwanted movement either for motion-impaired users (Hwang er al.
2003) or during delicate operations: the da Vinci surgical robot (Intuitive Surgical 2005) removes
tremor while translating a surgeon’s actions. The haptic device can provide assistance when uvsers
are learning movements, giving a kinaesthetic understanding of what is reguired. Feygin et al.
(2002) found that when the user’s hand was gnided along a path the subsequent performance
recalling the movement was better than after training with visual cues alone, Haptic devices have
also been used in the treatment of stroke patients, where the device moves the arm along a pre-set

path as part of the motor rehabilitation process (Loureiro ef al. 2001; Broeren et al. 2002).

As the technology and research continue to advance, new developments and applications appear.
These advances have included superimposition of the graphic and haptic interfaces (Reachin),
which provides a more natural working environment for certain tasks. Also, with high speed
Internet connections, virtual environments can be networked and haptic information shared
between workstations. This new developimnent has lead (o a transatluntic handshake (Handshake
Interactive), a surgeon performing an operation on a patient in a different hospital (Handshake VR
Inc) and traipees practising virtual surgery together or with an instractor when in different
geographical locations (ITutching ef al. 2006). Also as the field grows, the technology becomes

cheaper and therefore, available to a wider andience.
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2.4 Force Feedback Haptic Devices

2.4.1 The PHANToM

The PHANToM (Personal HAptic iNTerface Mechanism), marketed by SensAble Technologies,
was developed by Massie and Salisbury (1994). The device is grounded on the desktop and the
user interacts with a virtual environment via a single point of contact, a gimbal, at the end of a
mechanical arm. There are a range of gimbal attachments including a standard pen-like fitting, a
thimble and other application specific tools. The device can support interaction in up to six degrees
of freedom, transitional and rotational movement in the x, y and z axes and provide three degrees
of high fidelity force feedback to resist or drive motion. The graphic representation of the scene is
presented in real time depicting the user’s current position and in some cases the response of the
object to actions. The graphic and haptic presentations run concurrently but are not synchronised
with refresh rates of 30 and 1000 Hz respectively, in line with the sensitivity of human perception
in each field. There are six PHANToM devices: the Omni, Desktop, and Premium 1.0, 1.5 (Figure
2.2), 1.5 High Force and 3.0, which provide a range of workspace dimensions and forces. The
smaller versions support hand or lower arm movement, pivoting at the wrist or elbow, while the

largest model, the Premium 3.0, allows whole arm movements from the shoulder.

Figure 2.2. The PHANToM 1.5 force feedback haptic device (SensAble). The user places a
finger in a thimble at the end of the mechanical arm and palpates virtual objects, in this case

the bovine reproductive tract depicted on the computer monitor.

The exploratory procedures supported by the PHANToM have been defined by Wall and Harwin
(2001) as lateral motion, pressure, static contact, unsupported holding and contour following,
although limitations are described with regard to the lack of temperature feedback during static

contact and a limited perception of local features during contour following. This means the user is
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able to gather information about an olyject, determining the size, shape and surface texture while
moving over the object, assessing the firmness by depressing the surface, and the weight when

lifting.

The potential of the PHANToM hardware is realised either through the General Haptic Open
Software Toolkit (GHOST) or using the recently released OpenHaptics toolkit. These allow
developers to simulate virtual objects and to create the iliusion of physical properties incfuding
weight, shape and firmness. A three-dimensional virtual environment is bunilt nsing either the range
of geometric abjects provided in the standard libraries or the programmer can created original
application specific objects. There are a group of functions that control object values including
stiffness (firmness), surface friction and damping and adjusting the parameter values resulls in

subtle variations in the feel of different objects.

The PHANToM is one of the most widely used haptic interfuces in research and indusiry. The
newest model, the Omni, is relatively inexpensive and supports, for example, computer aided
design where a toul can be used to sculpt in digital clay vsing for example, SensAble’s Treeform
program. The Omni has only one fixed gimbal, a stylus with buttons that allow the user to lock oo
to objects. The larger PHANToMs arc more expensive but have found a diverse range of
applications some cxamples of which are displayed in the Haptic Gallery (SensAble). In the
aircraft industry, the PHANToM has been used to control the movements of a mannequin whilc
practising safety procedures and during landing gear testing (Stone 2001). The inctusion of haptic
feedback in this simulation was considered, on the basis of task amalysis, to be heneficial, A
military application has been developed by the French army for training personnel to sweep an
area for mines using a special probe attached to the PHANToM mechanical arm (Stone 2001). The
PHANToM has been included in a robotic system for teleoperative surgery, where the surgeon
operates a master robot, which controls a slave robot at the operation site. The advantages of (his
system include scaling of the surgeon’s movements and removing ot damping tremor (Preusche et
al. 2002). There are a wide range of applications of the PHANToM in medical training including
simulations for suturing (Webster ¢ af. 2001), palpation of tumours (L.angrana et al. 1997; Burdea
er al. 1999), patient rehabilitation (after a stroke: Broeren et a/. 2002}, training for osteopathic
examinations (Williams et al. 2004} as well as in the Horse Ovary Palpation Simulator (Crossan et
al. 2000; Crossan 2004) and a bovine rectal palpation simulator (Baillie 2003) in veterinary

education.
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2.4.2 Immersion Corporation Gloves

A range of commercial hand-based haptic devices are produced by Immersion Corporation. The
user’s hand is enclosed within a glove, which together with a variety of additional appliances,
supports a range of movements and interactions with virtual environments. The CyberGlove is an
elastic tethered glove that has a range of sensors positioned to capture hand movements.
CyberTouch is a modification of CyberGlove and provides vibro-tactile feedback to each finger
and the palm of the hand. The user perceives a buzzing sensation when in contact with an object.
An additional development is represented by the CyberGrasp, a lightweight exoskeleton fitting
over CyberGlove, which applies resistive force feedback perpendicular to each finger and the palm
via tendons driven by remotely positioned actuators (Figure 2.3). The user can hold and
manipulate virtual objects appreciating their weight and size. The latest development, CyberForce,
is a desktop-based force feedback system which can be attached to the back of the CyberGrasp
exoskeleton to provide a whole hand force feedback system. There are three degrees of
translational force feedback to the hand, but only one to each finger, and six degrees of tracking

for translational and rotational movements.

Figure 2.3. CyberGrasp: one of the haptic devices from Immersion Corporation. An
exoskeleton fits over a glove (CyberGlove) allowing a user to lift and manipulate virtual

objects.

With regard to the exploratory procedures, CyberForce combined with CyberGrasp supports
pressure, static contact and unsupported holding as well as enclosure through multiple contact
points. However, with only one degree of freedom for each finger lateral motion and contour
following are not possible. This range of hand-based products is used in a wide variety of
applications including computer aided design, prototype evaluation, gesture recognition, assembly

tasks and in the entertainment industry.




In addition, Immersion produces a range of instrument-based simulators for medical training
(Section 2.5.1). There are devices for minor procedures including catheterisation (CathSim) and

minimally invasive surgery: the Accu’l'onch range for laparoscopic and endoscopic procedures.

2.4.3 Rutgers Master 11

Another glove-type haptic device has been developed for research applications at Rutgers
University (Gomez et al. 1995). In the latest version, the Rutgers Master II-ND (Bouzit ef gl
2002), the glove component has been reduced, which means the device can be adjusted more
easily to accommedate the natural variation in human hand sizes and the weight is a third of
Iinmersion’s CyberGrasp. Forces are delivered to the thumb, index, middle and ring fingers by
poeumatic actuators and the sensing equipment is positioned on the palm. The device supports
object enclosure through the four points of contact and static contact, pressure and unsupported
holding but, as with the Immersion gloves, is limited to one degree of freedom for each finger. The
glove was used in the liver tumour palpation simulator developed by the Rutgers research team
(Langrana et al. 1997) bat the group then used the PHANToM for a prostate tumour simulator
(Burdea et al. 1999). The reasons for the use of different devices hy the same group probably
relates to the technique for assessing both prostatic changes and twmours in any tissue. This would
involve both contour following and lateral motion, which are supported by the PHANToM but not
the Rutgers Master device. The prostate examination is performed with a single digit and
therefore, the multiple points of contact, which are one of the main advantages of glove devices,

are not required.

2.4.4 Other Devices

Other devices that support haptic interaction include the Wingman serics (Logitech) developed for
the computer zames industry, where the player experiences force fecdback in two dimensions
using a mouse or in three dimensions using a joystick. The mouse has been used to help the blind
and visually impaired access information on a webpage, alerting them to the presence of images or
hyperlinks (Yu et al. 2006). The HapticMASTER (HapticMASTER 2002) is a robotic arm which
provides a large workspace, three degrees of freedom at a single point of contact and greater forces
than the PHANToM. The device has applications in design, in assisting a stzoke patient’s
movement during rehabilitation and in surgery, controlling tremor during delicate procedures. A
different approach to haptic intcraction has heen developed with the SPIDAR (Kolino ¢z af. 2001),
which provides two-handed multiple finger interaction. There are three strings attached to each
fingertip and haptic feedback is provided by controlling the tension on cach string. The user

manipulates objects with each hand but there have been problems delivering smooth interaction
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and preventing the strings interfering with each other. In a modification, the SPIDAR G&G, the
user grasps solid spheres, one with each hand, and this was reported as providing an effective way
of manipulating vistual objects (Murayama ef af. 2004). Another device that provides multiple
points of contact is the Haptic Intcrface Robot (HIRO) (Kawasaki et ¢l 2003). The haptic interface
consists of a robotic arm with three fingers and the user’s hand conunects with the robot via three

magnets on the thumb, index and middle fingers.

In spite of continuing advances and developments, currently there are no devices that provide a
completely natural interaction for the whole hand to cover the wide range of human manual tasks
including grasping, manipulating, palpating and other interactions with objects. Such a device
needs to support all the movements (translational and rotational degrees of freedom) that are
performed by the digits, hand and wrist (and other joints of the arm) while also providing a level

of fidelity that is representative of the perceptual experiences of the human sensory system.
2.5 Medical Simulators

2.5.1 Overview

For many years, traditional medical training has heen based on the apprenticeship model (Halsted
1904; Kerr and OLeary 1999). The trainee learns from an expert during the course of patient care,
watching and then practicing under an expeit’s direction, but this has certain limitations (Berg er
al. 2001; Aucar ef al. 2005). These include the need for access to enough paticnts (0 develop the
required skills. The skill levels and confidence of junior doctors have been shown in certain
surveys to be quite low, which has been attributed to the limited opportunities they have to
perform proceduores under existing training systems (Nakayama and Steiber 199(); Stolarek 2002).
Additionally, there are ethical issues associated with trainees learning while practicing on real
people who may be put at risk. One alternative to human patients, particularly for surgical training,
has been the use ol animals but again there are ethical censiderations and the value of the training
may be limited by the differences in the anatomy. There are also financial considerations relating
to resources, including any materials nsed and the expert’s time. Therefore, finding the most cost-

elfective and efficient methods for modern medical training is increasingly important.

Within the last couple of years, there have been two new rulings that have implications for the
training of health professionals. In August 2004, the Europcan Working Time Directive (EWTD
2004) was extended to include the medical profession and this reduced the number of hours
waorked and therefore, the opportunities to see and practice procedures. After these changes, a

survey found that the majority (70%) of specialist registrars considered that training had
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deteriorated as a resuft (Rayal College of Physicians 2004). There are also moves to make
demonstrating that a swrgeon is competent before performing a pariicular procedure on real
patients mandatory, with the aim of reducing medical errors. ln the USA, the Food and Drugs
Administration (FDA) has ruled, for the first time, thal surgeons must undertake simulator training
before performing a certain procedure, carotid stenting (Gallagher and Cates 2004). Both these
rulings further increase the need to research and develop new methods for training the health

professionals of the future.

There are carrently many initiattves in medical education to improve training and provide safcr
and more effcetive methods as adjuncts to traditional approaches. These include computer aided
learning packages now widely available on CD, DVD or online. Trainees can use these resources
(o learn about a range of topics and watch videos of experts performing procedures. These
packages often include some form of self-evaluation and feedback, which enhance the learning
process and students can progress at their own pace. There is also a wide range of simulators, from
whole and body part mannequins to those developed in the rapidly expanding and increasingly
sophisticated area of compuier-based virtnal reality. Mannequins have in fact been used in medical
training for centuries. There are reports in the literature of one used to (each midwifery in the 18™
century (Gelbart 1998) and a munnequin used in Italy at about the same time forms part of the

Henry Wellcome medical collection (Arnold and Olsen 2003).

Simulators are particularly usetul For Jearming clinical skills and surgical procedures as a novice
can pain bands-on experience in a standardised, safe environment without risk to the patient. An
example of a relatively simple mannequin is the doammy used for ‘First Aid’ training that allows
members of the public to practice simple life saving procedures. A cardiac simulator, ‘Harvey’
(Figure 2.4), is a life-sized computer-enhanced manneguin that presents the trainee with a range of
cases and currently includes two normal cases and twenty-five cxamples of cardiac disease
(University of Miami, 2005). The model has a simulated pulsc, ¢xhibits respiratory movements
and can be auscultated for heart sounds, which change to represent differcnt disease conditions.
Some af the more sophisticated maunequins provide addilional feedback including: responses to
the trainee's actions, such as drug administration and minor procedurcs, and performance
evaluation (‘Stan’ (Standard Man) The Human Patient Simulator™, from Medical Education
Technologies Inc); and improved graphic representations of procedures {(l.ap’trainer from Simulab
Corporation). There is now widespread inclusion of simulators in the skills Taboratories at many

medical schools, indicative of their importance in modera medical training.
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Figure 2.4. ‘Harvey’, the cardiology patient simulator (University of Miami, 2005). A
computer enhanced mannequin that can be auscultated for heart sounds and
palpated for pulses. Trainees have access to a wide range of cases: 2 normal and
25 examples of disease.

In addition to physical or mannequin-type models, there are an increasing number of virtual reality
simulators. These have proved particularly suitable as training tools for minor procedures
including placement of intravenous catheters (CathSim from Immersion Corporation), epidural
injections (Dang et al. 2001; Zhu 2005) and suturing (Webster et al. 2001). The commercially
available CathSim provides a student with a range of simulations including the normal adult and
the more challenging veins of paediatric and geriatric patients. This flexible environment presents
an alternative to existing training methods, which include using rubber arm models or practising
on other students (Barker 1999). A core skills trainer, MIST-VR from Mentice, provides an
environment in which the trainee can practice a range of techniques that form the basis of
minimally invasive surgical (MIS) procedures including knot tying, suturing and tool
manipulation. There are also procedure-specific virtual reality simulators for practicing minimally
invasive surgery and techniques. When performing MIS, the surgeon operates through a small
incision, a keyhole, and views the instrument actions on a monitor. In the MIS virtual reality
environment, the trainee interacts with modified instruments while viewing a graphic
representation of the operating area in real time. A range of laparoscopy simulators have been
developed including Immersion's AccuTouch series (Immersion Corporation), with which trainees
can practice abdominal surgical procedures on the bile duct, anastomosis of blood vessels and
certain gynaecological techniques. An arthroscopy simulator has been developed for the shoulder
(Smith er al. 1999) and another for the knee (Sherman er al. 2001), where the surgeon practices
using a modified arthroscope inserted into a physical model of the leg. Other minimally invasive
techniques have been simulated including endoscopic procedures, with the Immersion Corporation

producing bronchoscopy and colonoscopy simulators. A couple of other procedure-specific
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simulators have been developed by the Uniformed Services University at Bethesda, Maryland.
One aliows physicians to practice pulmonary artery catheterisation (Liu er af. 2006). Another hus
been developed for training medical personne! to perform crichothyroidotomy, which is
considered an important skill for the practice of emergency medicine on the battleficld (Liu er al.
2005). The user feels for the crychothyroid membrane then picks up a scalpel, makes and enlarges

an incision, and finally tries to insert a tracheostomy tube.

As well as providing risk-free and accessible learning environments for trainees, simulators can be
used hy experienced surgeons to practice new procedures or to learn how to use ncw cquipment,
Virtual reality is a uscfol tool for preoperative planning leading to improved decision making
{McCloy and Stone 2001). The surgeon can rehearse a procedure in a simulated environment prior
to the real operation using patient specific data (derived from Computed Tomography (CT) and
Magnetic Resonance lmaging (MRI) scans) and view the postoperative effects. This aupproach has
been used for facial reconstrnction (Keeve er al. 1996) and for neurosurgical procedures
{(Welschehold et al. 2004). Another application for virtual reality is in the treaimcnt of phobias
where the patient is immersed in a sinmlated scene and learns to overcome the {ears or trigger
stimuli and an example would be an environment developed for practising public speaking (Jo et
al. 2001).

Some virtual reality simulators provide graphic representations only, particularly the carly surgical
ones, bui the inclusion of haptic feedback is increasingly common. This is important as many
medical procedures involve touch-related interaction with patients, cither directly or using
instruments. Bholat ef «f. (1999) demonstrated that touch feedback is presenl during MIS and
Sherman et al. (2001) considered that the lack of haptic feedback in their knee simulator, VE-
KATS, was responsible for the poor performance of experts compared with novices. Therefore,
simulators are now designed to include haptic feedback to allow the user (o leel the cffects of
instruments interacting with virtual tissue. An area where haptic feedback is particulacly important
is during palpation-based examinations and procedurcs as touch is the primnary, and sometimes
only, sense available to the physician. Palpation skill training has particular relevance to this thesis
and will be covered in detail in following sections (2.5.2 and 2.6.2). As well as adding realism to
tratning environments, haptic technology has potenttal [or use in cerlain areas of patient treatment.
In one example designed for stroke patients, the user has a passive role and the device drives limb
movements, providing physical training as part of the rehabilitation process (Loureiro et al. 2001;
Amirabdollahian ez al. 2002; Broeren et al. 2002).
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2.5.2 Medical Palpation Simulators

Advances in medical technology, particularly imaging techniques, provide powerful diagnostic
tools but many conditions are still diagnosed nsing palpation during a first opinion routine clinical
examination when the physician feels for swellings, heat, gnarding and abnormal structures using
touch. Pulpation is cheap, available to every clinician and effective, and is an important way of
screening for certain types of cancer, including of the prostate {Burdea et al. 1999) and the breast
(Miller et al. 2000). Early detection of these cancers is the key to survival and in a lurge survey
conducted by Kurnishi et al (2000), a reduction in breast cancer mortaliiy rates were attributed
mainly to the use of physical examinations. However, the level of proficicncy among health
professionals performing clinical breast examinations (CBEs) has been found to be variable, with
many reporting low levels of confidence and requesting further training (Wiecha and Gann 1993).
As well as being vsed as a diagnostic tool, palpation is also a fundamental component of certain
medical procedures, particularly in obstetrics and paramedical disciplines including osteopathy

and physiotherapy.

Trainiug for all paipation related skills presents particolar challenges for the teacher who is unable
to feel and, in the case of internal examinations to see, the trainee’s actions aad therefore, can
provide only limited gnidance. During training, the student feamns initially to appreciate the normal
before progressing to recognising the changes associated with different physiological states or
diseasc processes. In a conventional medical education systein, knowlcdge about breast cancer has
been shown to increase with each year of the course but this did not correlate with development of
palpation-based skills (Lece er el. 1998), while specific palpation skilt training for CBEs has been
shown to improve examination sensitivity (Campbell ez al. 1991). A further consideration for
certain examinations is that patients may be uvnwilling to allow trainees to practice the procedure.
ITowever, without adequate training and skill development there may be risks to patients
associated with poor performanee of procedures as well as reluctance, on the part of the physician,

to use palpation as a diagnostic toel.

Simulators provide a potential solution to the challenges of palpation-based procedure training and
this was recognised by Madume du Coudray, who was commissioned by Louis XV to travel the
length of France instructing midwives using her full-sized mannequin, which included a baby with
flexible limbs to simulate a range of presentations (Gelbart 1998; Fissell 2000). These trainees had
no formal medical knowledge and learned the skills of their trade through trial and error during
real deliveries. The mannequin provided an alternative and safe training environment with which

to gain hands-on experience. In mwodern medical training, there are a wide range of sophisticated
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whole patient mannequins and body-part models available for learning palpation-based skills. An
example of one of these physical models is a silicon breast, used for CBE training, in which the
Tumyp size, firmness, position and degree of attachment to underlying structures could be varied
and this was shown (o be an effective training tool (Gerling et al. 2003). In a modification to the
original model, the lumps were made to pulsate and, although not nataral, this made small and
deep lumps easier to detect. Training on the pulsating model was shown to increase detection
rates, without increasing false positives, and the skills acquired also resulted in improved lump
detection rates on (he original static model (Gerling and Thomas 2005). Other simulations have
been developed where computer controlled additional features enhance the training environment,
The Stanford E-pelvis (Pugh ef al. 2001) combines a mannequin with internal electronic sensors
that provide feedback on the trainee’s performance with regard to position and force. The
performance of three groups, E-Pelvis simulator-trained, manikin-traincd bat without the internal
sensors and controls, who used anatomical parts and drawings, was compared. The results
indicated that the feedback available during the examination of the E-Pelvis had a beneficial effect

on subsequent performance.

Haptic fecdback is an integral part of any virtual reality environment designed for palpation skill
training and a small number of simulations have been developed using force feedback devices.
The first versions were developed at Rutgers University in the 1990°s. Langrana et al. (1997)
deveioped a simulation in which a traince learns to detect lver tumounrs while feeling through the
abdominal wall for masses of different firmness within the Hver parenchyma. The trainee moves
the hand over ibhe liver surface receiving force feedback from the Rutgers Master II glove in
response (o pressing aclions with one or more fingers. There is a simultaneous graphic display,
which provides visual representation of the hand moving over the abdomen, with options Lo see
through the abdominal wall to the underlying organs or to change the viewpoint. A prostate
simulator has been developed for training urologists to diagnose malignancies using the
PHANToM (Burdea et af. 1999). The trainee uses the index finger to palpatc a series of
simulations including the normal prostate and examples of hypertrophy and early and advanced
malignancies. The tumour positions can be randomised to present twelve different patients. During
training, initially the user is allowed to see the graphic representation of the examination and then
practices with haptic feedback only, as in the real examination. There is an option to record and
playback an examination (0 analysc a trainee's technique or present an example of un expert's
technigue for teaching purposes. More recently, a group in Japan, also using the PHANToM, have

developed a model that attempts to include representation of (he interaction hetween the rectal wall
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and the prostate gland {Kuroda ef al. 2005). The prostate maodel, developed in collaboration with

urologists, currently has two settings: soft and tirm {cancerous).

A head aud neck tumovr simuiation has been developed in Sweden (Stalfors er al. 2001). The
patient is cxamined in a district hospital and then asscssed remotely by a team of specialists in
another hospital. The three-dimensional graphic representations are created tfrom patient data
gathered during MRI and CT scans. The haptic information is captured using a sensing device,
such as a CyberGlove, during palpations performed by the examining physician. The ENT
surgeons and oncologists then perform an examination using the PHANToM to palpate the virtual
version of the patient while receiving monoscopic or stereoscopic visval representation. This
simulator also has potentiul for training future specialists and medical students. Another simulation
has been developed for tumour palpation using the Haptic Interface RObot (HIRO) (Daniulaitis er
al. 2004). Using three points of contact (thumb, index and middle finger) a trainee can palpate
subsurface tumours associaled with breast cancer. The training environment was developed using
a recording of a CBE performned by an expert on the virtual model (while wearing 4 combination
of IIIRO and CyberGlove).

A group ai Ohio University are developing a (training environment, the Virtual Haptic Back
(VHB), tor medical stadents, osteopaths and physiotherapists (Williams et al. 2003; Williams ef
al. 2004). The group, a multidisciplinary team, have identified their aim as “adding science to the
art of palpatory diagnosis” and have conducted an iterative design process, progressively
improving the simulation over four versions. The graphic model has been developed bascd on
measurements from a human subject and is dynamic, responding to user actions in reaf time, with
an option to reveal the underlying structures. There are simulations of structures in the cervical,
thoracic and lumbar regions including the vertebrae, other bony landmarks, ligamenis, muscles,
subcutaneous tissues and the skin. The haplic representations are based on a spring damper system
with varying stiffness values for difterent tissue types. Force feedback from a PHANToM haptic
device 1s relayed to the user’s thumb or finger in the thimble gimbal. The model's haptic properties
have been sel by the development team rather than from real patient measurements. The user
depresses the skin, experiencing increasing force with penetration depth, and can appreciate the
hard bony spinous and transverse processes of the vertebrae or the less firm interspinons
ligaments. The vertebrae rotate in response to manipulation and can be set up in abnormal, as well
as normal alignment. A toolbar provides menus to access much of the enhanced functionality
pruvided by the training tool, including the type of graphic presentation and a range of cases of

varying difficulty. During a test, the user indicates his or her answer using a foot pedal and then
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recelves audio feedback. The authors describe u two phase Wraining schedule (Williams er al
2003). First, the trainee has a passive role and is pulled along by the PHANToM motors following
the path of a pre-recorded expert examination. Then the traince can explore on his or her own and
can practice performing the examination and palpating structures. The system records the trainee's
examination in both phases for comparison and assessment. A ncwer version (Williams et al
2004) uses two large PHANToMS, 3.0s, for bimanual palpation of a full scale representation of the
entire spinal region and future developments are planned to represent muscic spasm and to

improve the realism of the interaction by giving digit dimensions to the points of contact.
2.6 Veterinary Simulators

2.6.1 Overview

There are increasing nuinbers of students training at the UK veterinary schools but the avaifability
of clinical material [or teaching purposes is declining, ‘I'his means the universities have difficulty
ensuring all students have the opportunities to gain enough hands-on experience to develop skitls
to the required standard by graduvation, which altimately puts patients at risk. In the USA, a survey
of practitioners attempted to define the attributes required of new graduates (Walsh er al. 2001),
similar to the ‘Day One Skills’ (RCVS 2001). The researchers found that practitioners were
concerned (hat graduates lacked certain surgical and procedural skills (Walsh ef al. 2002) and
similar issues have been raised in the UK (Routly er al. 2002). There are also concerns aboui the
nsc of live animals for teaching purposes and (he associated ethical and welfare issues have been
raised by students, teachers and the public (McBride 1989; Roflin 1990; Martinsen and Jukes
2005). As a result, there is a move o reduce, replace and refine the use of animals as educational
resources: the pursuit of the “3Rs”. This not only applies to veterinary education, but also animal
use in medical training and for teaching dissection in secondary and higher education (Hart et af.
2005).

These concerns and shortfalis have lead to atrempts (o develop alternative teaching environments
as supplements to traditional methods and there is an increasing range available (Hart ef af. 2005;
Scalesc and Issenberg 2005). The majority aim to provide training for surgery and minor
procedures, although there are a few designed specifically for palpation-based skills {Section
2.6.2). One approach is to use cadavers, which arc particularly useful for practicing certain basic
surgical skills including incision making and wound closure as well as for specific snrgical
procedures. Another approach has been to develop physical modcls ol’ whole animals or the

relevant paits. Tior example, plastic bones have been used for practising orthopaedic sorgical
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procedures for many years (Deyoung and Richardson 1987). Manikins of & dog and a cat have
been developed by Rescue Critters, Critical Care Jerry and Flutiy, to allow students to practice
intravenous access, bandaging and endotracheal intubation, and the most recent version includes
heart and Tung sounds for auscultation (Rescuc Critters, 2004). Models of a canine lorclimb und
the head and neck have been developed by University of California Davis for practicing vascular
access and blood sampling (CALF 2006). There are also several canine models of the head and
neck that have been developed specifically for intubation (Mosing and Aner 2003; CALF 2006).
Greenfield er al. (1993) developed an abdominal surgery simulation with physical models of the
spleen. liver and kidney for students to practice taking biopsics and organ removal, such as
splenectomy. Another model, the Dog Abdominal Suirogate for Instractional Exercises (DASIE),
made from laminated fabric and foam rubber is available commercially for students to practice
using surgical instruments, suturing and placing Hgatures (Holmberg ef al. 1993). A hollow organ
sitnulator made from laminated polyurethane has been developed for students to practlice
gastrotomies and holtow organ closure (Smeak ef al. 1994), as an alternative to developing the
skiils during real or terminal surgeries, and the model and accompanying auto-tutorial arc
available commercially. An ovariohysterectomy model was developed at the University of
Edinburgh for students to practice basic skills and the procedure as a whole in preparation for
performing the operation on live animals (Griffon et af. 2000). Recently, a simple cheap model has
been developed for practicing castration of the guinea pig with emphasis on a closed technique
(Wheler 2006). A huvman mannequin (The Human Patient Simulator™, Medical Education
Techaologies Inc) has been used for veterinary students to practice induction and maintenance of
anaesthesia (Modell e/ al. 2002). As well as species or procedure specific models, veterinary
clinical skills iaboratorics contain an Increasing range of more generic models for learning
psychomotor skills and practicing basic surgical procedures including suturing, knot tying, blood
vessel ligation and instrument handling (Yohnson and Farmer 1989; Smcak et /. 1991; Olsen et al.
1996).

Another developing area is that of computer aided learning (CAL) packages that are readily
available online or as CDs and DVDs., The CLIVE project (Computer aided Learning In
Veterinary Education), is a collaboration between all the UK veterinary schools and provides a
wide range of educational and revision material to supplement lectures and practical sessions.
These resources include videos of experts performing and explaining « range of procedures as well
as computer generated animations. The University of Georgia have developed a sophisticated
graphics package, “The Glass Horse’ (Moore et al. 2002b), which includes three-dimensional

images of the equine gastrointestinal tract depicting the normal anatomical arrangement and then
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the intestines move to various positions when the harse develops colic. The laiest version includes
a graphic representation of the hand moving in the rectum, and a recent addition to the package
provides detailed graphic representations of the distal limb and foot. Another online learning
package was developed to allow students to be involved in cwrent small animal cases and
although well received by students, proved too demanding of faculty members time and was
discontinued (Dhein 2005). These compuier aided learning packages do not provide the students
with practical experience, which has already been highlighted as an area for concern in the
velerinary undergraduate curriculum. Therefore, further developraents in this area need to provide
computer-based models that enable a student to examine an animal or practice certain procedures
in virtual environments. One such simuiator developed for medical training, CathSim (Immersion
Corporation), is being used and evalunated at the Royal Veterinary Coflege [or training students to
perform intravenous catheterisation (Clarke ef «f. 2003). Additionally, several palpation simulators

have also been developed recently (Section 2.6.2: Crossan et al. 2000; Baillie 2003).

There are several databases and wehsites that provide easy access to alternatives to the use of
animals in education. The Norwegian School of Veterinary Science has a large database,
NORINA, an inventory of more than 3500 andiovisual and other resonrces, including simulators
that provide alternatives and supplements to animals as teuching materials (NORINA. 2006). The
Association of Veterinarians for Animal Rights (AVAR) also have an alternatives in education
database (AVAR 2003) and the International Network for Humane Education (InterNICHE)
provide links to mamifacturcrs of alternatives und a lending library. The University of California,
has a computer assisted learning facility (CALF 2006), which provides access to their learning
resources as well as a website that allows people to perform and customise keyword searches for

alternatives to animals as teaching or research resources (Wood er al. 2003).

Although an increasing number of alternatives are available, there may be certain limitations. The
opportunity (o practice will depend on availability and reusability as, for example, for certain
surgical procedures, such as ovariohysterectomy, a cadaver can ouly be used once, Also cadavers,
physical and virtual models, depending on the qualily, may lack the correct tissue handling
properties and phystological responses, including bleeding, bruising and developing shock. Ideally
training would invalve a combination of simple models to practice basic psychometor skills and
other minor procedures togcther with more sophisticated whole animal or whole procedure

simulations followed by access to cadavers and then real animals.
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2.6.2 Veterinary Palpation Simulators

There are only a limited number of models that have been developed for teaching palpation-based
procedures. For large animal rectal palpation, options include using cadavers or models with
preserved intestines. A bovine cadaver has been used as a teaching aid at the College of Veterinary
Medicine, North Carolina State University (Van Camp et al. 1988). The carcases of adult female
cows were prepared using mineral oil and anti-fermentative agents and then a window was cut in
the left and right abdominal walls. First, the students would look at the organs inside the abdomen
and then perform rectal palpation and surgical procedures. Students had a 15 minute session with
an instructor and each cadaver lasted for about 12 hours before putrefaction. A fibreglass rear-half
of a horse containing plasticized preserved intestines and plastic models of other organs has been
developed by the University of Veterinary Medicine, Vienna (Von Kiinzel and Dier 1993). The
model allows students to perform a rectal examination while a teacher positions the intestines to
represent the normal anatomy or one of a number of colic scenarios (Figure 2.5). Parts of the
intestine can be blown up with air using a stirrup pump to represent for example, dilate loops of
small intestine, which might occur as a result of an obstruction or strangulation. This model is in

use at a number of veterinary schools around the world.

Figure 2.5. The model horse used to teach colic examinations, which was developed at the
University of Veterinary Medicine, Vienna. During a training session, the student palpates
the intestines and examines a series of cases that represent both normal findings and

examples of colic cases.

The first specifically veterinary computer simulated virtual reality training tool for a palpation task
was developed at the University of Glasgow by Crossan (Crossan et al. 2000; Crossan 2004), the

Horse Ovary Palpation Simulator (HOPS) (Figure 2.6). The aim was to provide a safe training
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environment in which students could develop the skills required to perform equine rectal palpation
for fertility examinations. In the real horse there are risks of causing damage during the
examination, a rectal tear is one consequence (Rossdale and Ricketts 1974) and this can be fatal.
Clients may be reluctant to allow students to gain experience while examining their horses and
additionally, the student may be in danger of being kicked. As a computer-based learning
environment, the VR simulator also had the potential to provide a flexible and reusable learning
resource. The HOPS project used the PHANToM force feedback device and a computer model has
been developed that allows a student to interact with the ovaries with a finger in the thimble
attachment to the mechanical arm. In equine stud medicine rectal palpation is used to diagnose
fertility problems and as a management tool, to ensure mares are covered at the correct time. In the
model the number, size and position of follicles on the virtual ovaries can be altered, simulating

different stages of the mare’s reproductive cycle.

Figure 2.6. The Horse Ovary Palpation Simulator - HOPS (Crossan 2004). A follicle is
present on the left ovary; the yellow dot represents the current hand position in the virtual

environment. (Figure included by kind permission of Andrew Crossan).

The ovaries were created using geometric shapes and experienced veterinary surgeons provided
input during the development of the models. Each ovary consisted of two stretched conjoined
spheres with the follicles represented as exact spheres but of varying diameters and different levels
of stiffness (softness or hardness). In an early version, a more anatomically correct representation
was based on a clay model of an equine ovary, which was scanned to generate a three-dimensional
image. However, the haptic representation, consisting of multiple polygons, was rejected by the
veterinary surgeons because some of the polygon edges were palpable and the smooth geometric
approximations were preferred. The ovaries were positioned opposite each other in virtual space
but none of the other pelvic or abdominal landmarks were represented. The follicle had a fluid feel
compared with the fibrous stroma of the ovary, which felt firmer. The haptic properties were

established by five experienced veterinary surgeons. They worked in two groups and adjusted and



selected the parameter values for the three standard haptic functions used in the GHOST SDK,
stiffness, surface friction and damping (Crossan 2004). The two groups were in agreement with
regard to the values selected for the follicles. However, there were discrepancies for all three
haptic properties for the ovaries and input from a sixth veterinary surgeon was used to settle the
differences and finalise the simulation. In the resulting virtual environment, the trainee palpates
the ovary through a single point of contact with the index finger in the thimble gimbal and

explores the surface of each ovary to locate the follicles and determine the size.

A series of experiments have been conducted to attempt to validate the simulator as a training tool
(discussed in detail in Section 2.9). These included a comparison of the performance of experts
and novices in a simulator test (Crossan et al. 2001), looking at the effects of regular training on
student performance with the simulator (Crossan et al. 2002) and then comparing these students’
skills examining in vitro specimens with a group trained in the traditional way (Crossan et al.

2002). The potential of the simulator as an assessment tool was also explored (Crossan 2004).

Another veterinary simulator has been developed by Baillie (Baillie 2003) for training students to
perform bovine rectal palpation, also using the PHANToM force feedback haptic device. Ovary
palpation, bovine or equine, is an important part of fertility assessment but during an examination
in the real animal other anatomical structures would be palpated. The bovine model has been
designed to include three-dimensional representations of the cervix, non-pregnant uterus, ovaries,
ovarian cyclical structures and early pregnancies, all positioned within the bony pelvis (Figure

2:7)
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\ Right
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Figure 2.7. One of the simulations developed for the bovine rectal palpation simulator
(Baillie 2003): A non-pregnant uterus in the pelvis. Students are trained to locate the uterus.

The pelvis is in blue, cervix and uterus in red, ovaries in green and corpus luteum in orange.




During farm visits, the veterinary surgeon will examine a range of fertility cases and needs to
assess the state of the entire reproduclive tract and perform pregnancy diagnosis. Therefore, while
learning bovine (and equine) rectal palpation the student will need to develop a systematic
approach to locate the key unalomical stinctures. The tecimique is based on identification of
certain landmarks and a systematic approach to navigating through the three-dimensional pelvic
area. The simulator provides an environment in which students can develop a range of skills and
enables the teacher to play an integral role during the training sessions. The teacher views the
graphic representation of each simulation, foliows the student’s movements inside the virtual cow
and can direct the student’s exploration. The student learns o appreciate the haptic properties of
anatomical structures, which can be identified by the teacher, as this will form the basis for
recognition of the same structures when performing rectal palpation of real cows. A range of

virtual environments support the progressive stages of skill development.

The creation of realistic anatomical models was the first important stage in the development of the
teaching tool. The bovine simulations were designed by a veterinary surgeon and each snodel was
assessed during a formal evaluation by nine other experienced practitioners (Baiilie et a/. 2003).
The feedback indicated that certain models, including the pelvic brim and the ten week pregnancy,
were considered to be 4 good likeness of the same structurc in the cow. Information was gathered
during the analysis with regard to the changes required for some models in order to create more
realistic representations. The simulator underwent a preliminary evaluation as a teaching tool and
student feedback indicated that training had had benelicial effects on their subscquent performance

examining cows (Baillie et af. 2004).

The equine and bovine simulations represent new ways of teaching veterinary palpation
procedures and providing smdents with skills in a risk-free and accessible environment.
Additionally, providing effective training for novices prior to the first real examination would have
benelits for animal welfare. The simulations demonstrate the potential to create veterinary virtual
reality environments and as teaching tools, enable the teacher to have a more effective input into
the learning process than when using more traditional methods. However, in both cases there were
certain shortfalls (see Section 2,9 below). The virtual models in both simulators needed to be more
realistic (on the basis of experts’ fecdhack). Additionally, for HOPS, alithough learning clfects
have been demonstrated in the virtual environment, subsequent performance during the real task,
when examining a horse, has not been investigated. The hovine simulator was well received by
students, who considered that training had been wseful for the real task. Ilowever, this assessment

was based on the students’ opinion and therefore, lacked independent verification. Therefore, in
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both cases, further research and development is needed if these simulators are to be used in

veterinary training for equine and bovine palpation-based skills in the future.
2.7 Anatomical Models

2.7.1. Gathering anatomical data

One of the main challenges when developing medical, and other, virtual reality simulations is the
creation of a realistic representation of the environment being modelled. This involves gathering
information about the objects in that environment und the values that categorise each object’s
specific properties. The information is then used to develop a virtual organ that fooks and feels
realistic and responds to user interaction, A three-dimensional graphic representation of human
anatomy can be built from MRI and CT scans, which are highly detailed and patient specific. The
Visible Homan Project (National Library of Medicine 2003) used these imaging methods to create
a model of 4 whole human bedy from an executed prisoner, the first was male (1994) and this was
followed by a female in 1995, The project crcated a highly detailed graphic representation of the
human body, which is available [or use in medical teaching packages and for the development of

virtual reality models.

The inclusion of haptic feedback in a virtual environment atms to present the user with the same
sensations as experienced during the task being modelled and therefore, will need to represent
information about tissue biomechanical characteristics. There are various methods reported in the
literature for gathering this information. One approach, manual estimalion, involves creating an
initial model as an approximation and then experts adjust the properties until the model is
perceived (o Teel right'. Good quality models can be created provided a number ol experts’
opinions are elicited on a regular basis during the development phase. However, the reliability of
this method has been called into guestion by Battean er al. (2004) who found that experts’ ability
to recafl accuratcly the haptic feedback associated with a ncedle entering a vein lacked
consistency. Whereas others have found that the values sclected by cardiovascular surgeons for a
model of a normal and sclerotic aorta were within a narrow range (Nakao er ¢l 2003). Depending
on the task, the visual sense may be as, il not more, important than haptics. For example, when
performing needle insertion in a virtwal environment high quality real timme graphic feedback was
found Lo have more of an effect on performance than haptics (Gerovich ef a/. 2004). During the
experiment conducted by Batteaun et al. (2004) participants were allowed to imagine (they were
performing whatever procedwre they were familiar with, phlebotomy or catheter placement tor

intravenous drug administration. The lack of consistency of haptic recall conld relate to the
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relutive importance of visual over haptic cues during the real procedure, for exumple, the
appearance of hlood in the catheter confirins to the operator that a catheter is indeed in the vein,
Anothier explanation could be that the haptic {eedback provided in the simulated environment did
not represent the sitmation when working with paticnts closely enough. Therefore, during the
design process, delermining the role of each mode of feedbuck, if not immediately obvious, will be
important. “I'his will help to ensure that the simulated environment provides the right level of
feedback throngh the relevant channels. Internal palpation involves only the haptic sense and
experts’ knowledge was used as the means of setting object properties in both the veterinary
palpation simulations (Baillie 2003; Crassan 2004). The resuiting models varied in quality with
only certain anatomical structures being considered to be realistic enough. In the bovine version,
even this level of representation had required a large number of iterations within the
implementation phase. This approach is time consuming and may not be feasible unless, as in the
case of the bovine models, the programmer is also a clinician. The prostate simulation designed by
Burdea er al. (1999) developed virtual models on the basis of the subjective evaluation of onc
urologist but were considered to lack realisin by residents participating in experiments to diagnose
malignancics. The Virtual Haptic Back model was also developed using subjective input, in this
case from the design team and osteopathic doctors. The level of realism achieved is not discussed
although further improvements are planned as the design process is ongoing (Williams et al.
2004).

Another approach is to capture fissue propeitics using a measuring device that probes the surface
and records force responses. There are cthical considerations relating to gathering data from real
patients and therefore, various alternatives have been used. Langrana ef al. (1997} modelled
subsurface tumours based on measurements from physical models where hard rabber balls,
representing the tumours, were submerged within softer rubber. However, the realism of the
resulting virtnal models will depend on the quality of the physical imodels. Post mortem samples
have been used to create force models for needle insertion using human skin and fat samples and
porcine cadavers (Hiemenz Holton 2001). A special needle was used to record loads, which were
correlated with MRI images to create displacement curves for the different tissue types
encountered at different depths. Bronwer et al. (2001) took both in vive and in vitro measurements
from pigs. The in vive lissue provided data from the natural stafe, perfused with blcod and
interacting with surrounding structures, the in vitro samples, though less realistic, allowed more
precise modelling of certain aspects including shape. Another challenge is to engiuneer measuring
devices that can be used within the body and return the information required to creute virfual

models. One approach is to develop special instruments that measure force responses while
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indenting or probing tissue while others have modified surgical instruments to measure tissue
force deformation properties during surgical procedures. An example is the endoscopic grasper
developed by Brown ef al. (2002), which has been tested on physical madels and porcine Lissue,
measuring both the grasping forces and the resulting tissue deformation. The majority of data have
been collected from porcine samples, as pigs are considered to have the greatest similarities to
human tissue. However, because of the analomical diflerences, there is still a need to either
develop an cthically acceptable means of measuring in wivo human tissue values or correfate

accarately the animal derived findings with the human equivalent.

2.7.2 Computational Methods for Creating Models

The virtual environment will need to contain organ models created using the biomechanical values
ascertained during the measurement phase from experts, physical models, animal or human tissue,
The surgical simalators also nced to include animated instruments and generale responses to
interactions during the performance of procedures. The aim is to create realistic simulations that
are Delievable to the user and this involves presenting high fidelity information, delivered with
stable forces in real time. Fidelity has becn divided into four components parts by Arthur er al.
(1999}, a group developing a knee arthroscopy simulator. In comparisons between the simulated
and real envivonments the components arc delined as: phiysical fidelity, which relates to the look
and behaviour of objects; operational fidelity, the degree to which the simulator operates in the
same way as the real object; funetional fidelity, covers the similaritics in the range of tasks; and
molivational fidelity assesses the acceptability to the user. One of the problems in delivering these
goals is the limitations of computational power, particularly in relation to haptic rendering for the
physical fidelity, which requires higher update rates than for the graphic representation of the same
structure. With modern processors this is increasingly achievable, more than one modality cun be
delivered simultaneously and an environment can be created in which the user fecls immersed
while performing a range of tasks. However, as the level of fidelity provided shounld correlate with
the capabilities of human perception, if haptic recall of certain tasks is limited (Batteau ez af. 2004)
or other senses predominate, the need to provide incredibly realistic models may be unnecessary

and computational power could be redirected.

The creation of virtual models that represent anatomical structures realisticallv has involved a
great deal of research and a range of methods have been developed. Most organs deform, to u
greater or lesser extent, when palpated or prodded directly by hand or indirectly via an instrument.
‘T'he softer the tissue the greater the change in relation to the force applied and even bones, though

not deformable through simple contact respond to the action of drilling instruments. Therefore, to
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convey the effects of interactions to the user, the virtual environment will need to include the
change in tissuc propertics as the object is altered or deforms. Basdogan (1999) describes two
broad cutegories for the techniques used by researchers to create deformable objects:
geometrically-based or physically-based modelling. The geometric models are based on the shape
of the object and the tissue properties are relayed to the user at contact points via a reaction foree,
which is calculated using a pre-determined formula. This method was used to create maodels of the
prostatc (Burdea et af. 1999), horse ovaries (Crossan 2(04) und the bovine reproductive tract
(Baillie 2003). Geometrically-based techniques have the advantages that the models are relatively
fast and simple to creaie and require lower computational power than physically-based models.
Although, the geometric models are perceived by the nser (o have different properties, for
cxample, feeling soft or hard, the dynamic quality of these interactions are very limited and the

variation in tissue properties throughout an organ are not represented.

The physically-based modelling techniques attempl to caplure movement and tissue reactions,
thercby simulating the dynamics of realistic interactions. A range of mecthods have evolved to
capture the physical properties and responses of objects. A mass-spring model was developed
where an organ is represented as a collection of springy tendons and this has been uvsed in
endoscopic and laparoscopic surgery simmlators (Bro-Nielsen ef al. 1999; Tendick et af. 2000},
although the simulations are limited to relatively small deformations and softer tissues. A more
sophisticated technigue uses finite element models (FEM), where objects are composed of a large
number of particles of finite size (J.in 2002). The models are created using the principle that when
a load is applied to a surface, energy is transferred to the object, which results in a change of
shape. The models are created from a sertes of discrete shape elements composed of
interconnecting nodes. Physical properties, including elasticity, are conveyed using functions
expressing strain energy and work done during displacement. The technique was vsed originally in
mechanical engineering for static systems but has been developed further to include the aspects of
dynamic medical simulations with instruments movements and human tissues responses.
Additionally, in order to begin computing the deformation of an object and produce the
topographical changes, the system needs to detect the interaction or collision between two objects
or an instvwunent and an organ. The combination of allf these factors hus been demonstrated
successfully in a microsurgery simmlation (Brown et al. 2002) where the user repairs severed
blood vessels using forceps to place a suture. Also the interactions between objects have been
represented in a prostate simulation (Kuroda et al. 2005), where contact between the rectum and
prostaie models results in deformation relative to the efasticity or firmness of the two objects. The

physically-based methods have the disadvantage of being computationally very expensive and
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thercfore, slow. Algorithms are emerging to increase efficiency as well as the development of
alternatives ta the finite element models. These inciude using finite spheres (De et al. 2001), a
boundary element method (Monserrat ef af. 2001), although this assumes an object is
homogenous, and a long element method, an efficient way of representing relatively simple
shapes (Balaniuk 2002).

In receut years, there have been tresnendous advances in the development of more efficient and
effective software and hardware components for medical simulations. However, further rescarch is
required before a range of cost effective training tools, which incorporate haptic as well as graphic
feedback, become widely available. Basdogan (1999) highlights some of the continuing needs
facing develapers and these include: continuing to improve the realism of simulations; the
challenge of representing physiological responses, bleeding at a point of incision and whole organ
changes, for example due to a fall in blood pressure; determining the degree of fidelity required,
because the higher the quality the greater the computational cost although, in certain training
environment lower quality may be acceptable; continuing hutan factors studies to understand the
sensory cues used in real tasks and therefore, to he represented in the simulator; and selecting the
procedures most suited to simulation with liaison between engineers and medical experts. The
continuing efforts strive towards the ultimate goal, creating a haptic fibrary of human organs
similar o the graphic libraries of the Visible Flumar Project and eventually Lo deliver iraining over

the Internet to a wide andience, the trainee health professionals of the future.

2.8 Other Uses ol Huptic T'echnology

As well as providing touch feedback to increase the realism of virtual environments, haptic
technology can provide assistance to the user and record information about human performance.
When exploring a virtual environment the presence of an object within that space i1s conveyed t0
the uvser as a force in relation to the carrent position. Additionally, some devices support two-way
flow of information and can record data about the user’s actions, tracking the path taken as a series
of X, y and z coordinates and the forces applied when interacting with an object. This functionality
can be used in teaching tools as following an expert’s path would be helpful when learning a
procedure. The Virtual Haptic Back project includes a recording made when an expert patpated the
spine and this was used in training, the learner’s hand being moved along the expert’s path by ihe
PHANToM (Williams et al. 2003). When used in this way, directing a passive exploration, only
positional information is available. A trainee can learn some of the kinaesthetic components of the
procedure, the serics of movements that are, for example, combined to perform an examination. In

addition, the traince will gain information about the shape and size of objects. However, when
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driving the user’s hand movements, the PHANToM does not provide the variations in force that
convey information aboul the relative [irmness of different objects. In the Virtwal Haptic Back
project, the initial training was followed by a second phase when the trainee explored freely,
performing an active exploration. During this phase, all object properties, including the feel
(softness or firmness), would be conveyed to the trainee. Another medical training tool, an
epidural injection simuiator, includes baptic guidance in a slightly different way (Dang er al.
2001). The traince tries to copy an expert’s path and while practicing, if the needle deviates from

the required trajectory, forces are applied to return the trainee to the correct position.

In medicine, as well as investigating new and more etfective ways of providing training, there is
an increasing drive towards continuing evaluation of competence and recertification of health
professionals to maintain public confidence and increase patient salcly. Medical competence
covers a wide range of skills including: knowledge, clinical ability, decision making,
comununication and professionalism, for which there are a wide range of assessment methods
combining objective and subjective clements (Accreditation Council for Graduale Medical
Eduncation (ACGME) 2000). Simulators can provide objective measurements and therefore, have a
potential role in assessment. They have heen used for many years in the aireraft industry to
determine if pilots are ready {0 move from the training environment (o the real plane. In medicine,
simulators could be used to ensure that a trainee has acquired the necessary skill level to move into
the operating theatre and that experienced surgeons maintain the level of competence required to
continue to practice (Michell 2002). Tn surgery, dexterity and psychomaotor skills are particularly
important, and simnlator designers have looked at developing devices that assess these skills in
addition to providing training (Moorthy ef af. 2003b). The MIST-VR simulator has been shown Lo
be effective for assessment of psychomotor skills (Tatfinder et al. 1998). Experienced surgeons
were significantly faster and more efficient than trainee surgeons when performing skills that are
used duging laparoscopy. Using the da Vinci robot, the speed and direction of movements made by
surgeons have heen analysed using flight path calculations (Verner er al. 2003). Experts, when
compared with novices, were faster and demonstrated superior movement patterns, This sort of
work also helps to identify metrics of performance and establish benchmarks, which would then
form the basis for asscssment of competence to practice. A simple motion tracking device
developed by Imperial College has been used in surgical skill assessment (Dauta e af. 2001).
When surgeons of different fevels of cxperience performed a small bowel anastomosis, the
dexterity (measured as the number of movements and time to complete} correlated with
experience. Therefore, motion tracking, which could be included in virtnal simulations, would be

one way of assessing performance. Crossan (2004) investigated the potential of the Horse Ovary
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Palpation Simulator (HOPS) as an assessment tool. Examinations were performed in the simulated
environment by a veterinary surgeon who was instructed to represent a range of quality
(experience, skill) including, for example, ones considered to be thorough or random. Recordings
of the examinations, which included the path and a colour vepresentation of the force applied, were
then evainated by ten experienced clinicians. The examinations were rated with regard to the
scarch strategy, completeness of the examination and the forces used when palpating the ovaries
and follicles. The experts watched each graphical playback and weye able to evaluate the quality
according to the stated criteria accurately. This indicates that the simulator could be used 1o assess
performance and determine competence. As well as making use of a recording of an expert’s
examination, the trainee’s path can be recorded and played back for subscquent analysis, which
could be used to target arcas in a student’s technique that need improvement. Feedback on
performance is an important component of the student’s learning process and the detailed and
retrospective analysis provided by the simulator would be a useful aspect of any teaching tool.
Such a level of feedback is not necessarily available using other teaching methods including

physical models or during real examinations, particularly for internal procedures.

Virtual environments can also be used to investigate certain aspects of a user’s perceptual abilities.
Various studies have looked al a subject’s performance when using the sense of touch to determinc
object properties including: size, firmness, shape and texture. This work provides informnation that
leads 10 a better understanding of human computer interaction in virtual environments that include
haptic feedback and is helpful when designing simulatians. This is particularly important where
the sensc of touch plays a major role in the interaction, including interfaces for visually impaired
users and simwlations for certain medical and veterinary procedures. If the measurements of
perceptuai ability in the virtaal cnvironment are similar to studies using real world objects, this
supports the quality of the representations in the virtnal environment. A study by O'Malley and
Goldfarb (2002) found that subjccts had comparable performances when assessing the size of both
real and virtual objects for a range of values. Other studies in virtual environments have
demensirated that the assessment of one of an object’s properties is affected by changes in one or
more ol the other properties. Detecting differences in height was affected by the stiffness of the
surface, the firmer the surface the smaller the detectable difference (Walker and Tan 2004). Also
subjects’ abilities to judge the size of the curvature of a cylinder was affected by swvrface friction
(Christou and Wing 2001}, with the estimate of the curvature increasing as the swelace [riction
decreased. However, Jansson and Picruccioli (2004) found that the perception ol a sphere’s
diameter was affected by surface texture but not by firmness or friction. Others have looked at

perceptual abilities for compliance (firmness or softness) and smaller differcnces were detectable
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when using an instrument (DeGersem 2005) than u finger {Dhruv and Tendick 2000; Howell et al.
2006).

When designing procedure-specific virteal environments, including medical simulations, an
understanding of both the task and human perception will contribute to the development of
realistic training environments, For example, most anatomical structures have smooth surfaces and
therefore, variations in surface texture would be minimal and may only have a minor role in haptic
identification. However, changes in object dimensions (height, width, and diameter) and firmoess
would be important to the clinician when attempting to recognisc the structure or diagnose an
abunormality. Measurements of human perceptual abilities help when determining what level of
fidelity may be required when designing virtual representations of objects. Investigations have
found that quite small differences in virtual objects are perceptible, for cxample in the study by
Walker and Tan (2004) a height difference between flat surfaces of as little as 0.17mm could be
detected under certain circunstances. An exampie of an application of such findings was the use
of the resuits of compliance evalvations (o inform the subsequent design of robots for telecperative
surgery (Dhruv and Tendick 2000, DeGersem ef @l 2005). Overall, the aim would be to match the
virtual represcutation or computer generated haptic feedback to the level of human perceptual
abilities, to provide a realistic environment and interaction, while not pursuing u level of fidelity

that might be unnecessary.

2.9 Simulator Validation

All new teaching methods and technologies, including simulators, should be validated by
demonstrating that they deliver effective training. This should be undertaken before any simulator
is recommended for widespread use and is particularly important for those used in the fields of
human and veterinary medicine. Part of the justification for development of simulators has been to
reduce the risks to patients that occur either as a result of inadequately skilled operators
performing a procedure or when real patients are used for training novices. In addition, therc are
ethical issues associated with training on live patients, human or animal, and there is growing
concern from the public, teachers and students. There are increasing moves to utilise new
technologics to provide alternatives and such changes are actively promoted by animal welfare
organisations (AVAR 2003; IntecNICHE 2005). There have been great advances in the field of
medical simulators in recent years to address these isswes butl there is also recognition that
validation is an jmportunt part of the development process (Magee 2003). Part of the acceptance of
virtual reality training tools depends on the creation of realistic simulations and while practising a

procedure the user should feel immersed in the environment in a similar way to during the real
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(ask. Additionally, there is a need to demonstrate that the learning outcomes are both desirable and
verifiable (Scalese and Issenberg 2005). Greentield et af (1994) consider that new training tools
are acceptuble as an alternative or complement to traditional teaching methods if students achieve
at least the same level of proficiency. In the case of simwulators, the student, clinician or health
professional should have been equipped with skills that are useful subsequently for the real task.
However, without validation the effects cannot be guaranteed, as the trainges conld just be learning
to use the simulator and not developing (ransferable skills. If the simulator does not provide the
skills, at the least the operator is still unirained and at worst, the skills may be inappropriate and

the patient may be at greater risk.

As noted above, validation should be an integral pari of the process of developing a new simulator.
The assessment should be based on an accepted method, thereby providing a standardisation with
the ultimate aim of developing a means of certitication for products. Higgins er el (1997) have
defined a serics of stages that can be used during the design phase of a project. First, the simulator
needs to model the procedure and to identify the component steps a task analysis can be used.
Experts are asked to describe the motor skills used, how these are performed and the cognitive
skills, why they make particular decisions and en the basis of what information (Schraagen ef af.
2000). This approach has been used in medicine (Grunwald et al. 2004), dentistry (Clark er al,
2000) and other industries, including engineering (Clark and Estes 1996). The ncxt stage is to
assess the user’s needs and information is gathered from experts during interviews or by
observation while an expert is teaching or performing the task. Then, the established requirements
need to be integrated into the simulated enviromment in a way that presents the trainee and teacher
with a usable interface, frec Irom distractions and providing immersion in the task. The
mvolvement of experts within the design phase is important for the development of a successful
training tool and also provides credibility within the peer group, who are likely to be the potential
customers. The other stakeholders, the trainees, should also be invelved to ensure that both their

perspective on learning the task and their needs are supported in the design.

The simulator is developed with feedback from experts and learners as part of an iterative design
process, and then evaluated. A set of criteria have been identified by Neufeld and Norman (Table
2.1) as a systematic way of assessing simulutors used in medicine (Neufeld and Norman 1985).
These have been discussed and defined in relation to virtnal rcality simulators used as teaching or
assessment tools for surgical skills (Berg ef al. 2001). When validating a simulator, the first step
involves assessing the ‘face validity’ or credibility of the simulated environment, which needs to

be realistic to be believable. This is pasticularly important if experts are to support the design and

43




if, as in the case of palpation procedures, trainees are to develop skills that subsequently lead to
recogpition of the sane structures in the real patient or animal. Then the simulator must be shown
to include the companent steps of the task being represented (content validity) and to perform in a
reliable way in different situations, with a range of users and in diflerent enviromments
(reliability). Simulators are also used (o provide objective assessment of skill in which case,
validation involves establishing the credibility of the device as a measuring tool. This includes
demonstrating that when different operators use the simulator their existing skill levels can be
differentiated, experts performing beiter than novices (construct validity). Measurements should
correspond to those made during the real task or unsing other established assessment methods
{concurrent validity}. Skills developed or mcasured on the simulator should predict subsequent
performance; those who perform particularly well with the simulator should turn ont to be more
skilled at the real tusk (predictive validity). There are practical issues to address as well including
demoustrating that simulator use would be feasible under ceal world conditions. Factors (o
consider include the resoutrces required with regard to cost, accessibility for the trainees and
provision of technical support (Cosman ¢f al. 2002). Additionally, there is a need to demonstrate a
shortening of the learning curve when compared with cheaper allernatives. All these factors
contribute to the justification for the inclusion of a simulutor in a medical or veterinary curriculun.
Ultimately, the validity of such a teaching tool depends on the demonstration of skill transfer from
the virtual environment to the real task and long Lerm benefits for patients. This is stressed by Berg
et al. (2001) who ask researchers working in the feld of virtual reality medical simulators the key

question: “Daoes proficiency in the simulator correlate with profictency in reality?”

LEvaluation category Criteria specific to sithulator-based training tools

Face Validity How realistic are the simulations, how believable, credible?

Reliability Daes the simulator produce consistent results under different conditions?
Content Validity \ How much of the task being modelled has been represented?

Concurrent Validity Do measurements concur with those made using other methods?
Predictive Validity Does the measurement ot skill predict future performance? ‘
Counstruct Validity Do experts perform better in the simulated environment than novices?
Feasibility | Would nsing the simulator be practical? What resources are required?

Table 2.1. A list of the categories for the evaluation of educational tools vsed in medicine
(after Neufeld and Norman, 1985). Each category has a short explanation of the criteria that

would apply to simulator-based training tools.

There have been a number of attempts to validate both surgical and palpation-based simulators
used in humun medical training with variable levels of success both with regard to demonstrating

any particular category of validity and the number of categories investigated. Experts are ideally
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pusitioned to determine the degree of the realism, or face validity, of virtval reality simulations
and Gorman er al. (2000) used this approach to assess a smturing simulator. Eight surgeons
performed tasks nsing the simulator and identified areas requiring improvement. These included a
reduction in lag time, better 3D visualisation, increased realism in tissue properties and placing the
tasks in surgical context. A bronchoscopy simmlator, the AccuTouch Flexible Bronchoscopy
Sumulator (Immersion Corporation 2003), was assessed by Ost et of. (2001). They compared the
performance across experience levels with nine experts, eight intermediates and eleven novices.
During the experiment ¢ach individwal had {o carry out two tasks and the performance was
recorded wsing the simulator. The skilf level could be distinguished, which provides evidence of
construct validity and a set of performance measurcs were defined including time to complete the
task and wall collisions, which are wndesirable and reduce as skill increases. The second part of the
study compared the truining effects of the simulator with a conventional method where the trainee
observed and then assisted with hronchoscopy at a hospital. There were three novices in each
group. The simulator trained group demonstrated improving performance over twenty training
sessions and then performed better during the [irst actual bronchoscopies. These results indicate
that the technelogy has potential for training and to provide an objective measure of skills,
although as there were the small numbers in second part of the study further validation would be
advisable. Similarly construct validity has been estublished for an vpper gastro-intestinal tract
simulator (Moorthy er al. 2003a) using a video-cndoscopic method to assess performance and the

skill scores in the simulator environment correlated with the three different levels ol experience.

Kothari et of. (2002) compared performance using MIST-VR (Mentice 2004), a virtval reality
simulator that promotes psychomotor skill development for instrainent handling with a physical
model skills trainer. The two groups were trained to tic a knot (for a laparoscopic procedure) and
the change in performance as a result of the two training methods was equivalent, both improving.
The MIST-VR system had the advanlage of a playback, which would allow the trainee to review
performance and the instructor o provide assessment and feedback. The MIST-VR simulator has
been adopted in many training systems as it provides core skills applicable to minimal invasive
lechniques wsed in a range of disciplines including arthroscopy, laparoscopy and cardiovascular
procedures. The construct validity of MIST-VR for laparoscopy has been demonstrated by
differentiating between experience levels (Taffinder er al. 1998) and Gallagher et al. (1989)
showed (raining benefits for a particular component of a task, the ‘fulcrum effect’, which
represents the instrument interaction with the body wall at the point of entry, the key hole.
However, another study that compared a range of training simulators, including several physical

and one virtual, MIST-VR, (Paisley ef al. 2001), found no dilference across the experience levels
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for any of the variables tested on the MIST-VR system (construct validity was not established).
Additionaily, simulator performance did not correlate with experts’ assessment of skill, based on
competence undertaking the task, for any of the simulations, including MIST-VR, which means
the concurrent validity, is not supported. Training over a period of time showed that participants
became faster while performing on the simulator but they did not demonstrate improvements for
other metrics defined for the task, which included: deviation for suture placement, force for knot
tying and errors in technique. This study indicates that there is a need to consider carefully all
aspects of validation and o define metrics that provide appropriate measures of skill during the

real task.

The next stage is to demonstrate that the skills learned on a simulator transfer to a real task and
with regard to MIST-VR, Ahlberg er al. (2002) posed the question ‘Does training in a virtual
reality simulator improve surgical performance?” They found no difference between two groups of
medical students, onc gronp having received training with the simulator, when performing an
operation on a pig, with no demonstrable benefit of simulator training. The test used an animal,
which highlights two important points; first there are ethical concerns when learning or testing
skill development on real patients althouph animals may not represent a practical alternative for
the same reasons and their use in medical procedure training is illegal in the United Kingdom.
Additivnally, the anatomy and physiology are different and surgical procedures cannot be
represented exactly except for basic skills, including for example suturing or knot tying. However,
there have been two studies using MIST-VR, alonc or in combination with another simulator that
demonstrated skill transfer for a specitic procedure performed subsequently on huran patients, In
both cases, the cvaluations were carried out with residents rather than medical students, Seymour
et af. (2002) found that surgical residents undertaking training for diathermy using MIST-VR
showed improved performance when dissecting the gallbladder (cholecystectomy) in the operating
room, cammitting fewer errors than residents trained in a traditional way. Additionally, surgical
residents undertaking a training coarse that included practice with MIST-VR and a lapacoscopic
simulator, LapChol (from Xitact), demonstrated a higher level of surgical skill compared with a
control group when performing cholecystectonyy (Schijven ef af. 2005). In Schijven ef «l.’s study
(Schijven er al. 2005), both groups were assessed for various criteria including ‘fluency’ and
‘carefulness’ using video footage of the operations reviewed by two experts, blinded to the
residents training background. The Immersion produoct CathSim has received favourable customer
feedback and provides an interactive visual, audio and haptic interface for training a specific task,
intravenous catheter placement. CathSim is vnder trial at the Royal Veterinary College although

preliminary feedback did not indicate how effective the simwvlator is as a (raining tool for the
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procedure in animals (Clarke et al. 2003). In a study by Prystowsky et al. (Prystowsky et al.
1999), who compared needle insertion by two groups of medical students, 1 and 3" years, and a
group of residents (into fellow trial participants) before and after training with an intravenous
catheter placement VR simulator, there was no difference in performaince, the simulator had not
been effeclive as an instructional tool. Also the simulator failed to discriminate between the skill
levels of the diffcrent groups and all groups showed similar success rates when performing
simulator-based tasks. Therefore, these {indings demonstrate that simulator training had not
resulted in beneficial skili development and construct validity was not established. The authors
concluded that on the basis of these findings, although students were enthusiastic to use the
simulator, the results did not, at this point, support the widespread use of such VR simulations in

surgical training.

The majority of simulators for human medicine have been developed in the areas of minimally
invasive surgery and procedures. There are a limited number of palpation simulators and these
present extra challenges to developers becausc the clinician interacts with organs and tissue
manually, rather than indirectly through an instrament. Therefore, the representation nceds to be of
even greater fidelity and the credibility will depend on the creation of an environment that has a
reatistic feel when palpated. Langrana et af. (1997) prescnted a comparison for liver tumour
palpation between two groups of non-medical participants, one palpating two physical spheres of
different hardness set in a background representative of the liver and the other group using the VR
liver tumour palpation simulator, developed with a Rutgers Master force feedback haptic device,
The authors claim to have created a realistic training environment although the face validity,
which usuvally depends on assessment by experts, is not detailed. However, both the groups of
parlicipants were very accorate at locating and differentiating between tumours of ditferent
firmness, with those using the VR simulator being more able to detect softness. The prostate
tumour simulator developed by Burdea ef al. (1999) was evaluated by comparing the performance
of two groups, non-medical students and urology residents, when diagnosing abnormalitics on the
virtual version of the prostatc. After a training session on the simulator, both groups were
presented with twelve rundomised cases and the non-medical students had a hipher correct
diagnosis rate. One explanation for the poorer performance of the urology residents could be that
the simulations were not realistic enough. The means of achieving face validily is not described.
The models were created based on input from one expert only and the urology residents comments
indicated that the level of realism needed to be improved. The diagnosis rate of a third group,
acling as the control, consisting of urology residents who were sct a similar task when palpating

physical models, was higher than both simulator groups, again suggesting the simulator lacked
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realism. The rectal and prostate simulation developed by Kuroda et af. (2005} was evaluated by
fifteen medical students who could differentiate accurately between the two prostate models, soft
and hard. Additionally, in a subjective evaluation, urologists commented that the simulator
provided a realistic sensation of pressing against the prostate through the rectal wall but, rather
than just varying firmness to represcat cancerous change, the model would be more accorate if

representations ol the typical nodular lesions were included.

The Virtual Haptic Back simulation underwent a preliminary evaluation where purticipants were to
identify abnormally stiff and abnormally rotated vertebrae (Williams et af. 2004). One group of
thirty-six osteopathic medical students used the simulatar four times at approximately three month
intervals and another group of three performed six trials in one week. In both cases there was some
evidence of u learning effect, between sessions one and two, for the high stiffness category, with a
reduction in incorrect answers but no effect of training was found for either the lower stiffncss
values or rotation. A [urther study found an increase in skill after eight iraining sessions over a two
week peried when students were asked to try to detect areas on the virtual back that felt different
(with repard to compliance or firinness) (Howell et af. 2006), Twenty-one students took part and
their accuracy significantly improved over the training poriod. They were also quicker, although
these results did not reach significance. 'I'he student feedback about the training tool was positive
and most students considered that further practice with the simulator would be usefui. The
subsequent transfer of skills to the real task has not yet heen demonstrated. The anthors comment
that assessing subsequent performance on real patients would be difficult to measure but work has
been undertaken to investigate whether the simulator can discriminate between skill levels
(construct validity). The performance of students, who had already received training in palpatory
techniques, was compared with non-medical students (Howell et al. 2005). Two wrials were
conducted, one with the participants using a single point of contact (one PHANToM) and another
using two PHANToMs. There was no difference in performance of the two groups in either teial,
which was attributed either to a lack of realism of the simulator or to the test being too easy and
therefore, not sensitive enough to discriminate skill levels (construct validity), IHowever,
subjective feedback from participants indicated that the two-point interaction was morc realistic
and easier to use. Further work is underway to increase the realism, to modify the (asks to

correspond better to the skills needed and to evaluate the playback mode as an instructional tool.

Another palpation simulator, which uses the robotic arm HIRO for trainees to learn to detect
cuncerous lumps in the breast, has been subject to a limited evaluation (Athalabi et al. 2005). The

researchers compared the speed and accuracy of two individuals detecting virtual tumours, one
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participant was usctl to using the device while the other was new to the device. The limited trial
found the two individuals had similar performance, which may again just indicate that the test was

too easy but further evaluation with more partictpants should be undertaken.

There are fewer simulators, either physical or virtnal, designed specifically for veterinary
education. The validation stndies that have been undertaken in many instances have compared a
traditional teaching method with the simudator-based alternative. As already stated, the realistic
appearance and feel of madels is important and the abdominal organ models developed by
Greenfield et ol (1993) when assessed by small animal surgeons were well rated with regard to
feel und handling propertics. A further study (Greenfield et @f. 1995) compured two groups of
students, one group trained on the models and the other operated on anaesthetised dogs that were
later euthanased (the practice of terminal surgeries). Experis assessed students’ performance for a
range of abdominal surgical procedures while reviewing video footage and there was no difference
between the two groups. Therefore, as the models were as effective a teaching method as the dogs,
they could be considered as an alternative to using real animals. Also work by Olsen ez al. (1996)
showed that their hacmostasis model was as effective as performing a splenectomy on a live
animal for teaching the basic skills invelved in blond vessel ligation. Another haemostasis modcl
was found to equip students with better psychomotor skills than learning the technique from a
video (Smeak ef al. 1991). An ovarichysterectomy model was shown to be better than cadavers as
a training environment for students to develop psychomotor and basic surgical skills (Griffon ez al.
2000). Students trained on the model scored higher when assessed on their psychomotor skills,
being quicker and making fewer errors. Also when subsequently performing spays, they received a
higher rating from the supervising sargeon than those who had practiced on the cadavers. Jobnson
and Farmer (Johnson and Faomer 1989) [ound that inanimate models were superior to live animals
as way for instructors to demonstrate basic tasks and for students to develop psychomotor skills.
Whereas athers (Smeak er al. 1994) found students whose (raining had been supplemented with
practice using a hollow organ simulutor were no better at performing a gastrotomy than those who
had traditional training only. Certain deficiencies were identified in the plastic models with the
material being stiffer and more friable than real tissue and suture poil-through occurred even when
student technique was not at fault. Changes to the simufator material were planned to address the
deficiencies in the handling properties of the model. The human mannequin vsed to train
veterinary students in anaesthetic techiniques was found to be effective, with students achieving
hipher clerkship scores during the subsequent anaesthesia rotation than a control group who
prepared using self-study (Modell ef al. 2002). A study conducted by Price et al. (2003} found that

the equine colic simulator developed in Vienna (Von Kiinzel and Dier 1993) was an effective
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alternative to live horses ay there was no difference between two groups, one simulator trained and
the other live horse trained, when their performance was assessed subsequently on the sitmulator.
However, students considered that live animmals were still an important part of the training,
indicating that simulators represent a supplement to, rather than a replacement for, traditional
methods. The bovine cadaver used to teach rectal palpation and abdominal surgery {Van Camp et
al. 1988) was reported to have beneficial effects on students’ abilities 10 palpate the reproductive
tract and allowed them to make better use of real animais, however the criteria used to draw these

conclusions are not described.

The virtual reality based simulation created by Crossan (Crossan et af. 2000; Crossan 2004), the
Horse Ovary Palpation Sitnulator (HOPS), was subject to a series of validations. An attempt was
made to establish construct validity where experts, used to performing the tasks in the real animal,
would be expected to outperform novices. Two groups, onc of seven veterinary surgeons and one
of ten veterinary students in the secand year of the cotrse were to identify the position and size of
follicles on the ovaries (Crossan et af. 2001). Both groups received training on the standard blocks
demonstration supplied with the PHANToM, becoming familiar with a virtual environment and
then practiced palpating two spheres, having to discriminate size und softness correctly before
starting the experiment. When the performance of the two groups in the simulated environment
was comparcd, no significant diffcrences were found for any of the tasks, positioning and sizing
follicles or the time to complete the task, the novices performed as well as the experts. These
results may relate to the different technique used by experts when performing the praocedure in the
rcal horse. The veterinary surgeon uses the hand, with several digits being used to grasp and
manipulate thc ovary. Another digit explores the surfuce and this is the only part of the
examination represented by the single point of contact provided in the HOPS cuvironment.
Additionally, part of the examination involves locating the ovaries within the horse while making
reference to other landmarks, none of which were represenicd in the virtnal environment.
Thercfore, as the virtual environment presents the user with a less realistic way of performing the
examination than in the real animal and as only pait of the task was represented this may explain
the failure of the simulator to discriminate between the different levels of skill and suggests that
the simulation lacks face validity or credibility. The experts may have been distracted by the
differences between the simulation and the real task and therefore, they may not have been totaliy
immersed in the virteal covironment and the task. However, as the novices were able to perform
the experimental task, a component of the real examination, as well as the experts the simulator

may have benefits as a training tool.
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Another experiment was conducted to evaluate the effect of regular training scssions {Crossan et
al. 2002). Eight veterinary students were presented with eight different ovary simulations weekly
for four scssions with a final session conductcd a month later. There were significant
improvements in the trainees’ abilities to size and position follicles correctly and a decrease in the
fime taken to corplete the task over the four sessions, with no decrease in performance after the
one month break. The students’ performance after multi-session HOPS training indicated that the
ability to recognise ovarian structures in a virtval environment had improved, demonstrating a
learning effect. The skills acquired did not diminish after a short break, which would be an
important factor if simulator training were o be included in the curriculum when practicalitics
would dictate that, for some students, a gap between a simulator session and real horse

examinations would be likely.

The learning clfcet already demonstrated may only apply to performing the simulated task in the
computer generated virtal environment. Therefore, an experiment was conducted to assess how
closely the improvements translated from simulator training to a bench lask: palpating post
mortemn specimens {Crossan et «al. 2003). The performance of two groups of students was
compared; one group had undergone the multi-session training with the simulator and the other
received traditional training in the anatomy laboratory. The students were set the task of locating
and sizing follicles while palpating tracts on trays, which were obscured from sight by a screen.
There were no significant differences in the performance of the two groups, simulator trained
students performing as well as traditionally trained students. ‘1'he experiment used bovine material
because of the limited availability of equine tracts. There are considerable anatomical differences
particularly with regard to follicle size; all normai bovine follicles are smaller than the simulated
moadels, which may have handicapped the simulator trained students. Greenfield et al. (1994)
consider that new training tools arc acceptable if at feast the same level of proficiency is achieved
as with traditional methods and therefore, these results indicate that the simulator could be

considered as an effective alternative to the traditional method used in this comparison.

The bovine simulator developed by Baillie (Baillie 2003) was assessed for face validity by nine
cxperis and certain stractures were considered to be sufficiently realistic although vthers needed
improvement. A limited evaluation of the simulator as a teaching tool was also conducted (Baillie
et al, 2003). Fourtcen veterinary students, all with some prior experience performing bovine rectal
paipation, undertook a training session with the simnlator. The students then examined cows
during exlramural studies and completed questionnaires to assess the effect of simulator training

on their subsequent performance. Ten of the students reporied a great improvement and four a
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slight improvement, none reported that their performance had deteriorated as a resuil of the
training. All students considered that training prior to the first real cow examination (i.c. for

complete novices) would definitely be beneficial.

When developing a simulator for an internal palpation-based procedure, which is unsighted, the
creation of realistic madels is particularly important. After vsing the simulator, trainees should be
able to recognise the same structres when subsequently examining a real patient or animal. With
both of the veterinary virtual reality palpation simulators, the potential to create virtual animal
models has been demonstrated although improvements are needed with regard to the level of
realism and the range of simulations presented. The bovine teaching tool requires further work to
increase the quality of the models and to provide scenarios that support the learning needs of
novice students specifically. The equine version would also need additional models if the
stmulator was to be used (o teach a complete fertility examination, with the ovaries positioned
refative (o the pelvic and abdominal landmarks. Ideally, the simulator would provide mare than
one point of interaction, nsing two or more PHANToMSs or a glove-based device, as this would
better support the nortmal range of movements and manipulations used dving equine and bovine

fertility examinations.

There is a risk (hat a simulator could be providing skills that are only useful for performing the
task in the simulated enviromment and these may not be relevant for, or transferable to, the real
task. Therefore, the efflect of simolator training should be tested on the real task, rather than for
example, vsing the simulated environment as the test environment (Burdea er al. 1999; Howell ef
al. 2006) or using a bench test, with post mortem specimens {(Crossan e al. 2001) or a physical
model (Price et al. 2003), For the veterinary haptic simulators, there is stiil a need to do further
cvaluations to demonstrate that the skills lecarned during training resuft in improved performance
for rectal examination of the live animal. The ovary simulations were tested by assessing
petformance on the simulator or when palpating post mortem tracts, which may not be
represcentative of the real task. The evaluation of the buvine feaching tool, although conducted
during cxaminations of real cows, depended on students assessing their own performance, which
may not be rcliable. Therefore, before these tools could be recommended as compliments to
existing teaching methods, work should be undertaken to measure skill transfer to the real task,

rectal palpation of the horse and cow, with independent verification of performance.
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2.10 Conclusions

In conclusion, when developing VR simulators for teaching medical or veterinary palpation-based
techniques including haptic feedback is important and increasingly feasible with advances in
computer technology. Iowever, all new teaching tools, developed in virtual reality or using other
methods, should be validated before being recommended for widesprcad use. Although a large
number of VR simulators have heen developed for medical training, particularly in the fields of
minimally invasive procedures and surgery, very few have been validated thoroughly. When
conducting validation, there will he benefits in following a structured approach. ldeally, a
simulator should demaonstrate validity for each of the criteria identified by Nenfeld and Norman
(1983) that are relevant to the simulator’s application for example, teaching or asscssment. The
creation of a realistic experience for the user, face validity, is one of the primary steps and is
particularly pertinent for palpation-based procedures, where the fingers are in direct contact with
the patient. This has proved difficult and has undermined some sttempts to demonstrate other
aspects of validity for palpation-based procedure simulators and therefore, continues (0 present a
challenge to developers in this field. Once a realistic environment has been created with
simulations that snpport performance of the task, then training needs to be shown to have bencfits
with the development of skills that transfer to the real task. This stage in the validation process
involves demenstrating at least equivalent or preferably improved performance when compared
with traditional training methods. The next step, provided that the simulator has been validated
thus far, should be to demonstrate that the simulator can be used in a real world situation. This will
involve addressing any practical issues associated with using the new technofogy under the

constrainty of a curriculum.

The importance of validation for simulators used in medicine and, more recently, in veterinary
training has been stressed repeatedly (Berg er al. 2001; Magee 2003; Issenberg er al. 2005; Scalese
and Issenberg 2005), with a structured approach being encouraged. The work presented in the
following chapters will address the challenges of developing, validating and using a VR simulatar
for teaching veterinary students to perform bovine rectal palpation, with particular emphasis on

supporting the learning needs of novices.
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Chapter 3: Simulator Design

3.1 Background and Metivation

The aim was 1o design a simulator-based teaching tool specifically to train novice veterinary
students to perform bovine rectal palpation, which is used by veterinary surgeons to diagnose
pregnancy and fertility related problems. The simulator developed previously by Baillie (Baillie
2003) allowed a teacher to train students in a range of skills but the needs of novices were not
elicited or supported specifically. As part of the project, a group of eighteen veterinary students
took parl in an evaluation of the simulator as a teaching tool. The students considered that the
training had beneficial effects on their subsequent performance examining cows. They also
indicated that the simulator’s primary role should be ta teach novice students, providing training in
preparation for the first few examinations of cows. The simulator included a range of virtuat
anatomical models some of which veterinary snrgeons rated as a reasonable enough likencss,
indicating thai haptic technology counld be used to create realistic virtual representations of the
bovine reproductive tract. However, there were areas that needed improvement and the

information gathered provided the basis for further developments.

During and shortly after the Master’s project by Baillie (Baillie 2003), the simulator was used to
train fourth and final year students. As well as giving feedback on the training, students were
asked to answer questions about their expericnces prior to the simulator session. Twenty-six
students provided information (18 during the Master’s project (Baillie 2003) and 8 shortly
afterwards) and this showed that experience levels, based on the number of cows examined, were
quite variable, ranging from one to over [ifty. The students were also asked (o estimate how often
they had found certain anatomical structures in these cows. The responses indicated that most
students were able to find the pelvic landmarks but many were having difficulty finding the uterus
and the ovarics. The graph in Figure 3.1 shows the number of students reporting finding the uterus
in less than one in three of the cows examined across the experience levels. Finding the uterus is a
hasic skill and until mastered, students will not be able to progress on to learning to perform a

thorough fertility examination, diagnose pregnancy or use an ultrasound scanner.
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@ Number of cows examined by students (n = 26) prior to simulator training
@ Students (n = 16) finding the uterus in less than 1 in 3 of the cows examined|
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Figure 3.1. Student experience (based on number of cows examined) prior to simulator
training (solid blue bars) combined with those indicating they had found the uterus in less

than I in 3 of the cows examined (hashed crimson bars).

The poor performance the students reported suggests that traditional training is not very effective
and that students will need to examine a large number of cows to develop skills adequately.
However, the number of cows available for undergraduate training is increasingly limited (Penny
2002) due to the large number of students per year and the welfare guidelines restricting the
number of examinations allowed per cow (Parkins and Harvey 2001). The students taught with the
simulator had all volunteered and therefore, may have represented those having particular
problems. However, a previous survey had indicated that veterinary surgeons do consider that the
procedure is difficult to learn (Baillie er al. 2003) and the students were reporting considerable
problems finding some of the key anatomical structures. Therefore, there is a need to investigate
ways of supplementing existing teaching methods, particularly for novices, and to ensure the
training equips students with the basic skills: finding pelvic landmarks, the cervix and the uterus.
Additionally, as bovine rectal palpation is an invasive procedure, providing effective training prior

to examining the first live animals would be likely to have benefits for animal welfare.

A simulator represents a possible solution. The project by Baillie (Baillie 2003) demonstrated that
a teaching tool developed using haptic technology has potential to provide training for bovine
rectal palpation. However, the simulations were limited and the level of realism needed to be
improved. Additionally, the student feedback indicated that the simulator’s primary role should be
as a teaching tool for novices. Therefore, this thesis will initially attempt to address the issues
raised by Baillie (Baillie 2003) with the aim of developing a simulator to equip veterinary students

with the palpation skills required to perform the first few rectal examinations of cows.
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In this chapter, work is presented that uimed o address the specific issues relating to the design of
a (caching tool for novices. A requirements captwre was conducted with veterinary surgeons from
practice and university and with veterinary students (Section 3.2). The aim was to identily the
learning needs of novices and then, vsing the information gathered. to design a teaching protocot
to be used with the simulator (Section 3.3). A teaching tool was then developed that included a

range of anatomical models to support the novice’s learning process (Section 3.4).

An important part of the development process of any new teaching method or technology is
validation, which should be undertaken before considering widespread use. Therefore, the current
thesis will focus on validation and research will be undertaken to address the key criteria identitied
by Neufeld and Norman (1985) for a simulator used as a teaching tool. The first part of the
validation process for simulator-bascd teaching tools is to demonstrate that the virtual environment
is realistic enough: face validity. The next step is to establish that the task being modelled is
represented in the teaching enviromment: content validity. As part of the development process,
veterinary surgcons assessed the guality of the virtval models and discussed the format of the
teaching protocol (Section 3.5). Once a sound design has been established, the next key step in
validation is to demonstrate that teaching with the simulator equips trainees with useful skills. In
Chapter 4 an experiment is described that involved teaching students with the simulator and then

determining whether skills developed during training transferred to the real task.

3.2 Requirements Capture

3.2.1 Introduction

Students training at the University of Glasgow Veterinary School perform the first bovine rectal
palpation during farm animal clinical EMS placements undertaken [rom third year onwards, The
preparation provided in the curriculum includes bovine anatomy lectures and practical scssions
and students also have access to computer aided learning material (e.g, Bovine Pregnancy (Holmes
and Summerlee 1995)) and standard text books (Fertility and Obstetrics in Cattle (Noakes 1997);
Veterinary Reproduction and Obstetrics (Noakes et al. 2001)) in the library. The apatomical
structures and diagnostic characteristics of pregnancy and fertility related conditions are described
and illustrated. However, these resources do not include information by which a student could
deduce exactly how to perform the palpation-based procedures and, as indicated in Figure 3.1
ahove, students reported having difficulty finding the nterus when examining cows. Clinical skills,
which include bovine rectal palpation, are best learned by gaining practical experience of the real

task (Bernado 2003), and this does not take place in the pre-clinical curriculum at Glasgow. The
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majority ol teaching takes place during EMS but in the current economic climate, opportunities to
practice may be limited due to time and [inancial constraints placed on farmers and veterinary
surgeons. Additionally, the teacher is unable to see the student’s technique inside the cow, which

makes providing useful guidance, particularly to novices, difficult.

The resources available currently have had limited success in providing students with the required
skills and therefore, there is a need to develop a more effective teaching method. Bernado (2003)
suggests that after ‘doing the real thing’, simulating the expericnice is the next most helpful way to
lcarn a task. The haptic simulator provides a polential solution but prior to starting the design
process investigations were undertaken to identity the problems that need to be overcome, to
determine the skills required to perform bovine rectal palpation and to develop a teaching protocol

to support the students’ leaming needs as complete novices.

A list of bovine palpaltion skills has been described by Sprecher ef al. (1994) and this has been
used by the authors as a way of measuring students’ competence (Sprecher e al 1994). A series of
skills arc defined: the student progresses from being able to describe the position of the
reprodunctive tract, to describing the cervix, the uterus, the ovaries and cyclical structures during an
examination, aud then to retracting and uncoiling the uterus. The assessment {ramewark could be
considered as equating to the steps required for learning the procedure and form the basis for a
teaching protocol. However, the index did not include a description of exactly how each skill is
performed or the criteria used by the student while making the identifications. Additionally, the
index was based on one instructor's technique and the skills for pregnancy diagnosis were not

included, although Sheldon and Noakes (2002) have recently reviewed available iechniques.

The aim of the requirements capture undertaken in the curremt study was to gather detailed
information from experts, veterinary surgeons, and relative novices, veterinary students. Using a
series of steps is recommended to ensure that the simulator models the procedure and the
component steps have been identified (Higgins et af. 1997). The participants were to describe the
current approaches to teaching and learning with regard to the shortcomings and then discuss ways
of improving the situation. The simulator wonid provide the new training environment and contain
a range of virtual bovine anatomical models. The student would palpale the virtal reproductive
tracts while Lhe teacher, following the student’s progress on the computer monitor, would be able
to give instruction. In order to elicit a teaching protocol for the simulator, veterinary surgeons and
students described the procedures of hovine rectal palpation with specific reference (o preparing

novices for the first examination of a cow. The details of the techniyue were determined by
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conducting a task analysis with experts who were asked to describe in detail their actions and
decision making process while examining cows. The information gathered formed the basis for the
design of the simulator-based teaching tool. Duaring the design process the researcher, an
experienced bovine practitioner, reilected on the requirements on an ongoing basis. I'hrec wmethods
were used to elicit the requirements: interviews with four veterinary surgeons; a focus group with

six veterinary students; and a task analysis with twa velerinary surgeons,

3.2.2 Interviews with Vetcrinary Surgeons

A series of semi-structured interviews were conducted with four veterinary surgeons. The
interviewer fotlowed a Tist of pre-determined questions (Appendix 3.1) while allowing discussion,
a tormat outlined by Coolican (1999). The list of gquestions enabled the interviewer to ensure that
all the topics had been covered and that the interview remained within context. The discussions
provided opportunities to cxchange ideas and to enrich the information gathering. The participants
were all farm animal veterinary swrgeons experienced at performing the procedure of bovine rectal
palpation and were involved in teaching students in practice or at university or both. All were
familiar with the original version of the bovine rectal palpation simulator (Baillie 2003). Each
interview began with a brief explanation of the purpose of the interview and stated that the
contributions would remain anonymous. Each interview was recorded and later transcribed for

aualysis.

The interviews were analysed nsing the method described by Coolican (1999), which involves
identifying facts in each interview and then classitying them according to one of a number of
categories. The researcher, familiar with the subject area, created the categories. The analysis was
performed by the researcher and an independent analyser who was not a veterinary surgeon. The
two reviewers then discussed their classifications and resofved any disurepancies. The information
gathered from the interviews has been detailed in Appendix 3.1. The categories are represenied as

the headings of the followinyg subscclions, with the facts summarised helow.

Current Training

The interviewees described the training available to students at university in preparation for the
first EMS placement in third year as well as the teaching of novice students on farm, with
particular reference to the conditions encountered during EMS. All recognised that therc are
problems with the current training system with no easy alternatives and considered that, unless
changes are made, producing graduates capable of performing the task will be increasingly

difficult to achieve.
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Training at University of Glasgow Veterinary School
The main pre-clinical teaching consists of anatomy and physiology lectures and practical scssions
including access to in vitro tracts. Examining cows is not parl of the pre-clinicul curricalum and

students do not perform bovine rectal palpation at the university until final year.

Training during Extramural Studies (EMS)

The veterinary surgeons would first discuss the procedure with students in the car as well as on the
farm. This would allow the student to revise the anatomy, the veterinary surgeon to describe the
techniques and to raise awarcnuss of the potential to damage the cow. While on larms the student
usually followed the veterinary surgeon and the interviewees tried to ensure students were allowed
enough time and access Lo as many cows as possible. Using the information gained about the cow,
cither from an examination or from the history provided by the {armer, the veterinary surgeon tried
to direct the student’s actions. While examining cows, students were encouraged to think about

what they ‘see’ with their hands and to deseribe their current position and the structures palpated.

Problems and Deficiencies

The veterinary surgeons recognised that bovine rectal palpation is difficult to teach and to leam.
The students have not been prepared prior to the first EMS and do not know how to perform the
procedure, to identily siructures, to search and to describe their actions. Initially, some may be
unsure about approaching the cow, how to start the examination, have forgotten the anatomy and
lack confitdence. With regard to teaching, the basic training was considered to be the university’s
responsibility although the interviewees felt that currently this obligation was not fulfilled. On
farm, a major problem is that the veterinary surgeon is unable (o see the student’s hand movements
inside the cow, which makes giving the correct instructions difficult. Ideally, the veterinary
surgeon needs to take time to stand beside the stodent, particularly novices, but during EMS as
veterinary surgeons are paid on time and have other work to complete this was not always
possible. Therefore, the stundents may receive only limited guidance, have to watch rather than
practice and learning opportunities are reduced. Farmers are also under time pressure with other
work to attend to and some may be reluctant to et students examine their animals, further limiting
the lcarning opportunities. There are also concerns for the cows’ welfare as students may be rough,
could cause damage and the number and duration of cxaminations allowed per cow has to be

limited.

In summary, the current training at university provides inadequate preparation for performing

bovine rectal palpation during EMS and the difficulties and pressures encountered during EMS
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may in some cases result in limited skill development. However, all students are still required to
perform bovine rectal palpation to a level which supports the ‘Dayl’ skills (RCVS 2001) and
therefore, alternative approaches need to be sought. At universily there are difficulties providing
more training using conventional methods dve to the large number of students and limited
resources including access to cows, staff time and costs. Providing incentives for veterinary
surgeons to spend more time teaching on farms may present a solution but could he costly and
unless subject to some form of quality control the training received could still be variable. The
simaulator could provide a potential solution as a compliment to cxisting training at university with

the aim of equipping students with basic skills prior to the first EMS placement.

Simulator Design
The computer-based virtual reality simulator was presented to the interviewees as a potential
solution and the interviewer posed gnestions to elicit the design requirements [or a teaching tool

that would prepare novice students for the first opportunities to perform bovine rectal palpation.

Anatomical Models

The veterinary surgeons considered that a simulator had potential as a way of providing training
particnlarly as hands on experience was an important part of learning palpation-based skills, They
identified the following as key anatomical structures that should be included in the simulated
environment: the pelvis with particular reference to the floor and brim; the cervix; the uterus
including the characteristic ‘dip’ or ‘groove’ between the two joined parts of the uterine horns; a
range of simulations representing some of the different positions and orientations of the utcrus (in
the pelvis or abdomen and stretched out or curled up); ovaries with a corpus luteun (CL.) or
follicle; pregnancies early and late; diagnostic features of late pregnancy (cotyledons, fremitus,
part of the calf). This provides a checklist of models for inclusion during (he design of the virtual

environment.

Teaching Protocol for Novice Students

The steps used to perform the procedure were identified, with particular reference to novice
students’ skill development, and these would form the basis for the teaching protocol to be used
with the simulator. First the student is Lrained (o find the pelvic floor, going down and not too far
in, and then sweep from side to side to find the cervix. The pelvic brim is a useful landmark and
should be identified by moving [orward along the pelvic floor towards the abdomen, The next step
is to [ind the uterus, which should be the focus of teaching for novice students, and scveral

techniques were described for different sitvations. The first approach involved locating the cervix
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on the pelvic floor and moving forward along the cervix to find the oterus. Alternatively, the hand
is swept from side to side along the pelvie brim while feeling for structures extending into the
abdomen. Finding the cervix would indicate the uterus was in the abdomen and could be lacated
by following the cervix forward and down; finding nathing would indicate that the uterus had been
missed in the pelvis and could be located by sweeping back over the pelvic floor. The uterns is
recognised as two ‘bumps’, the conjoined horns, with a dip in the middle. The hand is advanced
forward to the bitfurcation and then round each horn to the tip. The next step is to find the ovaries,
which three of the interviewees considered to be part of novice (raining, by advancing along one of
the uterine horns and searching close to the tip. The difference in the feel of eyclical structures,
including a corpus Tutewn and a foilicle, should be appreciated. Pregnancy diagnosis was
considered to be a skill that builds on the above techniques and should be taught with the simulator
as students are Iikely to cxumine pregnant cows during the first EMS. In early pregnancy,
diagnosis depends on appreciating the difference in size, tone and consistency (softness or fluid
content) of the nterine horns. Later pregnancies include additional features and diagnosis depends
on finding and recognising cotyledons, feeling fremitus und balloting (appreciating the rebound of

structures when bouncing the hand up and down) on the uterus 1o feel part of the calf on the nters.

While learning these steps the students should develop skills that enable them to orientate in threc
dimensions, build a 3D picture of the anutomical layout and develop a search strategy to find
structures in a range of Iocations. The students need to develop the skills to recognise structures
based on palpation alone, combining an understanding of the relative positions and an appreciation
of the characteristic [cel or haptic properties. The teacher should direct the students in the first
instance while encouraging them to describe their actions, the structures identitied and
cmphasising the need to stay in contact with objects. This should be followed by a phase when the
students practice on their own, with guidance available rather than under test conditions, to
increase confidence. Repetitions within one session and the opportunity for a further training
immediately prior (o examining cows would promote the retention of skills and represent the ideal
situation. The students aiso need to be instructed in the approach to the first cow; how to insert the
hand and deal with the challenges ol the environment. Ideally this should be covered before the

first examination to ensure all students are taught a safe and effective approach.

A simulator-based teaching tool was considered to have a number of benefits for students, with
increased couvfidence and having received at feust some ltraining at university, cited repeatedty.
This would be helpful during EMS becaunse the student might then be allowed to ecxamine more

cows, would perform faster, learn more, and there would be less risk of untrained students causing
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damage. There were several concerns raised: there would be time constraints during the university
curciculnm in relation to integrating an additional teaching resource, and the simulated model
would be different, in somc respects, from a cow. Overall, simulator trained students were

expected to make better use of the resources available during EMS.

3.2.3 Focus iroup with Veterinary Students

A focus group was conducled with six final year veterinary students from the University of
Glasgow Veterinary School to discuss their experiences and perceived needs for learning bovine
rectal palpation. This was used as a supplement to the interviews as the expert and the novice are
at ditferent stages of the learning curve and may have a different perspective on the problenms and
task. The discussion followed the format described by Moore ef al. (20024) for identifying the
learner’s needs in velerinary medical education. A series of topic headings, based on the categories
used to classify the facts in the experts’ interviews, were used to provide direction for the
discussion. The session has been summarised below and the information was used to cstablish

areas of conformity with or omissions in the requirements as defined by the experts.

Experience Learning Bovine Rectal Palpation in the Current System

The stndents reported a range of skill levels and experiences. They considered that they had
received no {raining prior to their first EMS placement and when first examining cows the students
all reported having difficulty feeling anything and often felt lost. This was followed by 4 phase
when they could feel structures but were often unsure as to the identity, even though they had
learned bovine anatomy in lectures and practical laboratory sessions. The students then reported a
range of rates of progress and this depended, in part, on the variation between EMS placements
with regard to the opportuaity for instruction and the time avatlable per examination. Most of the
veterinary surgeons who had supervised the students during EMS had expected that the basic
technique would have been laught at university prior to the first EMS placement in third year.
Students reported that veterinary surgeons’ expectalions of student performance as complete
novices were realistic, especially if the veterinary surgeon was a recent graduate. However, afler a
few cows the expectations exceeded the student’s rate of progress. Some students were worried
that they would not have sufficient opporlunities examining cows to develop skills adequately by
graduation, Stmdents considered that although most velerinary surgeons wanted to help, their
coniribution was often limited and self-teaching was therefore, a major component. Concern was

expressed regarding the safety of the cows examined in the current system.
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Anatomical Models
The students identified the anatomical structures that should be represented in the simulated

environment and the criteria used during palpation for identification in the cow. For example, the

cervix was described as a relatively easy landmark to find as it was always located on the floor of

the pelvis in the midline and felt fairly firm. However, there was variation in shape (cylindrical,
oval or flattencd) aud size between cows. Some described the cervix as a lump rather than a
tubular structure. The uterus was considered to be the most important structure to identify but the
size varied considerably in relation to the age, time post-calving and Jumnen content, all of which
affect the feel. The conjoined part of the horns, felt as a double bump or groove, was used as the
distinctive feature that uniquely identifies the uterus. The ovaries were described as rclatively
small {compared to other structures palpated), lirm and oval or flattened in shape. Some students
had not managed to find the ovaries, while those who had reported that the ovarian cyclical
structures were difficult to distinguish and describe. The simulated environmeunt should include a
range of pregnancies, representing both early and more advanced stages. The students repeatedly
mentioned the difliculties of recognising anatomical structures using only the sense of touch,

which emphasises the need for good quality models in any simulator-based teaching environment.

Teaching Protacol for Novice Students

The students described the stages of bovine rectal palpation that they considered a novice would
need to be taught in the simulaied environment. The maost important initial goal was to learn to
find the uterns and then progress, in the same of subsequent training sessions, to palpale Lhe
ovaries and perform pregnancy diagnosis. Teaching should begin with the basic exploratory
techniques required to orientate inside the cow and to (ind the cervix and pelvic landmarks. The
next stage was to locate the uterus, the position of which varied between cows and therefore,
students would need to learn search strategies to cover the variations. The students considered that
finding the ovaries was difficult because they were small, mobile and in variable positions relative
to other landmarks. They considered that including ovary palpation as part of the novice’s iraining
would be helpful and would allow students to make full use of cows examined during EMS. With
regard to pregnancy diagnosis, some students had not been allowed (o exuminc carly pregnancies
in case they caused damage and therefore, the students were keen for this to be incorporated into
the simulator teaching. The students had been allowed to palpate more advanced pregnancies and
had found identifying diagnostic features and following the veterinary surgeon’s instructions
comparatively casy. The studenis were aware that some veterinary surgeons used palpation of the
chorivallaptois, ‘membrane slip’, to delermine pregnancy. The students expressed reluctance to

perform the procedure, even if taught, because of the risk of cansing embryonic death.

63

i
|
i
!
.
|




The input from a teacher during simulator-based training was considered to be very important and
useful for a novice, who would be unsure how to proceed, and initially all hand movements should
be directed. The student would need to be trained to develop a systematic scarch strategy to locate
each anatornical structure and while palpating an object would need to be taught the distinguishing
properties including shape, relative position and the feel of the tissue. After learning under the
teacher’s instruction, the student should have an opportunity to repeat each procedure as repetition
would aid skill development. During this phase, the teacher should providc feedback on

performance and further instruction, if required.

Summary and Comparison with the Veterinary Surgeons’ Interviews

When comparcd with the experts’ views, the students expressed similar concerns about the
inadequacy of the present system at university and the training during EMS. The descriptions
provided a similar list of anatomical structures and skills. The initial stage was to leam to locate
the uterus, which involved mastering basic orientation and developing a scarch strategy, with the
students placing more emphasis on the distinctive features used for identification. The students had
found ovary palpation difficult and therefore, providing training in the simulator cnvironment
would be helpful, this had also been considered useful preparation for EMS by the veterinary
surgeons. The simulator should be used to learn pregnancy diugnosis, although the students
prioritised the early rather than the later stages based on their experiences during EMS. Both
groups identified the need for the leacher (o provide instruction initially and then for the student to

reintorce the skills by repeating the procedure with guidance as required.

3.2.4 Cognitive Task Analysis with Veterinary Surgeons

The information gathered during the interviews and focus group provided an overview of the
current training and the procedure. However, the details of exactly how bovine rectal palpation is
performed were not elicited and are not currently available in the teaching material for students
either in the literature or the curriculum. As novices will need to learn each step, the next stage in
the requirements capture was to determine a detailed description of the procedure from baovine
practitioners. Asking experts to describe what they do or how they do it is unreliable because they
may fail to articulate some of the steps as certain parts of their knowledge will be tacit (Eraut
1993). Cognitive Task Analysis (Cl'A) has been recommended as a method by which a detailed
description of a task can be established from an expert’s knowledge (Schraagen et af. 2000). This
has been used in industry to develop training protocols (Clark and Estes 1996) and in medical
simulator design (Clark et gf. 2000; Grunwald et af. 2004), The steps can be defined by obscrving

the expert during the task but in the case of an internal procedure such as bovine rectal palpation
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this is not possible. Therefore, the veterinary experts were asked to describe each step verbally
while examining cows and to mimic the action with the other hand if there was difficulty

explaining a particular action or a descriplion was ambiguous.

Two experts took part in the CTA and examined cows that represented each of the tasks identified
as important for novice students to lcarn including: finding the uterus in different positions, ovary
examination and pregnancy diagnosis. The experts described the processes that thcy used to
perform cach part of the procedure, including the manwal skills, the knowledge base, and the
factors that lead them to decide on a particular course of action while executing the task. The
students had highlighted having difficultics finding structires ofien getting tost and therefore, the
experts were asked to consider this problem and describe how they would deal with the sitnation,
The researcher made notes during the examinations and the expert’s verbal descriptions were
recorded using a Dictaphone. The results were compijed and written in a pseudocode format for
each procedure, which was discussed and edited with the two experts. The final version is detailed
in Appendix 3.2 and provided a template for the teaching protocol used during the simulator

training sessions.

3.2.5 Requirements Summary

The requirements capture aimed to determine the learning nceds of novice veterinary students and
to identify the virtual models and teaching protocol to be used in the simulator-based tcaching tool,
Information was gathered from veterinary surgeons, as teachers and experts, and from students, as
learners. The participants contributed enthusiastically to the discussions and recognised the need to
investigate ways of complementing existing training methods. The task analysts then provided

detailed descriptions of the procedures identified as those novices needed to learn,

Based on these findings, the simulated environment for teaching bovine rectal palpation would
need to include realistic representations of the cervix, uterus, ovaries with cyclical structures and
pregnancies, positioned within the pelvic area und caudal abdomen. The teaching protocol would
involve a series of steps, which would be taught using a range of scenarios each simulated using
one or more of the models. During training the student would learn to orientate in three-
dimensional space, to recognise objects using palpation and to develop search strategies. The
initial fearning cutcome would he to combine these technigues to identify the pelvic landmarks
and then locate the nterus in a range of positions, representing different cows. The student would

then learn more advanced procedures including ovary palpation and pregnancy diagnosis. Initially,
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the teucher would provide step-by-step instructions for each procedure and then students wonld

explore on their own to reinforce the technique, with assistance and feedback as required.

3.3 Design

When developing medical computer aided learning (CAL) packages an nnderstanding of several
disciplines may be required (Greenhaigh 2001). With regard to the bovine simulator the important
areas included: the content material (clinical knowledge), the pedagogical aspects and the design
process. The requirements capture established the range ot anatomical models and steps that, when
included in a teaching protocol, would support the leamer’s needs. The next stage was to develop
the computer-based teaching package using a CAL design technique. The Activity-based CAL
method (Montgomery-Masters 1998) has been shown to be of benefit during the production of
computer-based teaching matorial and therefore, was used as a guide during the bovine simulator
design phase. The method involves an iterative process where the teaching aims established during
the requirements capture are incorporated into the design using Laurillard’s conversational
framework (Laurillard 1993). The CAL package is then implemented using the available resources
and evaluated, with the feedback resulting in changes to the design, followed by further

implementation and evaluation.

The conversational framework (Lauriflard 1993) provides a model for teaching tool design in
higher education. There are twelve steps throngh which the teacher and student advance as they
progress towards the desired learning outcome. The conversational framework encourages the
development of an interactive dialogue between the teacher and student and each step can be
categorised according to the teaching mode/s to be used. There is human-human (H-H) interaction,
which would be represented by the teacher instructing the student or the student asking a question
either in lectures, laboratory practicals or during u simulator session. The homan-computer (H-C)
interaction relates, in the case of the bovine teaching tool, to the teacher selecting a simulation and
then following the student’s progress in the virtual environment on the computer monitor. At the
same time the student palpates the virtual model (H-C) while initially receiving instruction in the
procedure from the teacher (H-H) and then (cedback on performance while repeating the task (H-C
and H-H). The framework also allows for other types of interactions because u teaching goal is
likely to be achieved through a range of methods, which would include the student learning about
a topic while reading text books although, as already stated, in this case these provide a limited
contribution. With regard to clinical skills training, interaction with the patient while under

instruction from and following the actions of the teacher, the apprenticeship model (Halsted 1904),
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is a large part ot the learning process (Kerr and O'Leary 1999). The aim of this project is to use the
simulator as a supplement to pre-clinical teaching methods to prepare stdents for clinical training

during their first EMS placement.

The simulator design needed to incorporate a range of anatomical modcls within a series of
simulated environments or ‘levels’ to support the learning process. The training begins with basic
orientation and recognition of landmurks, which is followed by development of a search strategy
fo locate the uterus in different positions. The student then progresses to perform the more
advanced procedures of ovary palpation and pregnancy diagnosis. The proposed levels (clussified

4s A, B and C), lcarning outcomes and simufations are listed in Table 3.1 below.

Level Learning Outcome Simulation
A Orientate in three-dimensions T Pelvis and cervix

Identily key landmarks Pelvic floor, brim, & cervix
B Identity key landmarks o Uterus (B1)

Find the uterus in different positions - in pelvis & flat (B1)

- in pelvis & curled (B2)
- in abdomen & flat¢ (B3)

Ovary Palpation Uterus in pelvis with ovaries (B1)

C “ Pregnancy Diagnosis - Range of pregnancies

Table 3.1. The proposed levels for teaching the component parts of bovine rectal palpation,

which arc represented by a series of learning outcomes, and the supporting simulations.

The twelve steps of Laurillard’s conversational framewark as applied to the teaching bovine rectal
palpation with a simulator have been detailed in an activity implementation chart (Appendix 3.3).
The students wonld learn the anatomy and physiology prior to simuator training, which would be
integrated into the course just before the first clinical EMS und act as a bridge between learning
the theory and performing the manual task. The teacher and student repeat a series of the
conversational framework steps for each of the levels, A, B und C, until the desired learning
outcome, acquiring the basic skills to perform hovine rectal palpation, is achieved. The simulator
has an advantage over traditicnal training as an effective dialog cun be established between teacher
and student. The teacher can watch the student’s actions and give meantngful feedback on

performance with regard to search technique and identification of structures palpated. Teaching
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each level involves running one or more simulations, each of which represents a different ‘virtual
cow’. The range of simulations available provides both flexibility and standardisation of the

learning experience.

The teaching protocol for the simulator-based training environment has been summarised in a
diagram in Figure 3.2. There is a series of teacher and student activities and learning outcomes
which are associated with tasks to be performed while palpating the simulations. A series of

simulations have been implemented to support the design (Section 3.4 below).

ACTIVITY | | LEARNING OUTCOME | LEEVEL D G TN
Teacher & student START
discuss aims d ﬂ Q
=
Perform task ?;;g::‘s' gg:r\EA’\E‘LAéTCE)I\Ilg Mnsdosd Find pelvic
floor &
% ﬂ <7 A cervix
Discussion ﬁ REFLECT ﬂ
repeat or progress
Then: IDENTIFY KEY Rway
I LANDMARKS B1 pelvic brim
Repeat teacher, Ir
stugent ;&freflecti;)n DEVELOP SEARCH Findd';neruls
ases for eac in differen
8] i STRATEGY B1,2,3 ity
MORE ADVANCED Figq ovaries;
iagnose
PROCEDURES B&C pregnancy

Figure 3.2. The teaching protocol for the simulator-based CAL package used to teach bovine
rectal palpation. The protocol was based on Laurillard’s conversational framework
(Laurillard 1993). The teacher and student undergo a series of activities to achieve learning

outcomes while using simulations to practice tasks at each of three levels: A, B and C.
3.4 Implementation

3.4.1 Overview

The simulations were created using the PHANToM 1.5 force feedback haptic device and the
GHOST SDK (version 3.1) from SensAble Technologies. Three-dimensional virtual models were

created to represent the pelvic area, the caudal abdomen and the reproductive tract. The programs
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were developed on a 700Hz dual Pentivm PC with Windows 2000 operating system and the
models were tmplemented in the programming lasguage C++ using Visual Studio 6 and the
standard GHOST libraries. Each anatomical structure wus created from one or more geometric
shapes. The haptic properties were set on the basis on the researcher’s expertise as a cattie
practitioner, combined with the experience gained using the PHANToM during the Master’s
project {Baillie 2003). A range of scenarios were created to support the different stages or levels of

the student’s learning process and these were accessed by the teacher from dialog boxes.

3.4.2 Creating the Virtual Environment
Iaptic Device

A haptic device allows a user to interact with the virtual eftvironment using the sense of touch.
Bovine rectal paipation involves using the whole hand to examine and palpate anatomical
structares and the fingers and thumb are used to manipulate or grasp structures to facilitate the
exaination. itial consideration would suggest that a glove-type haptic device would provide the
best means for modelling such a task. However, the whole-hand devices currently available
support only a single degree of freedom (movement in one planc) for each finger, CyberGlove
(Immersion Corporation 2005) and Rutgers Master TT (Bouvzit er al. 2002). This would allow the
nser to press a button or hold an instrument but not to perform a combination of three-dimensional
movements {in the x, y and z planes) over an object’s surface. The PHANToM force feedback
device provides three degrces of {recedom or mavement through a single point of contact and high
quality haptic interaction. The device has been used to model palpation procedurcs using the
thimble gimbal attachment (Burdea et al. 1999; Crossan et al. 2001; Baillie 2003; Williams et «f.
2003) and birmanual interaction has been provided by using two devices (Howell er al. 2005).
There are several dillerent sizes of PHANToMs available and (he 1.5 device provides a workspace
suitable for the pelvic dimensions of the cow, based on the measurements of Murray et al. (2002).
The point of articulation, at the eibow, would support the range of movement needed for most

exploratory tasks performed within the cow during reclul palpation.

The "HANToM 1.5 was chosen as the most sunitable haptic device currently available for
implementation of the bovine simulation and additionally, the hardware, software and expertise
were on hand. Baillie (Baillie 2003} had shown thai virtual bovine anatomical models could be
crealed and some of these were rated by experls as good representations. The single point of
contact was not ideal (discussed further later in this section) but the high fidelity 3D force

feedback provided by the system was considered to be an important factor because durving a
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palpation task, the fingers are in direct contact with living tissue not indirectly through an

instrument.

Virtual Models

When creating medical simnlations the objectives should be to provide good visual representation,
support three-dimensional exploration and create organs that feel realistic (Basdogan 1999). While
perlorming pulpation-based skills the physician or veterinary surgeon needs to be able to identify
the anatomical structures through the sense of touch. Therefore, the most important criteria when
creating this type of virtual environment is (o devclop models recognisable through haptic
exploration. The bovine simulations needed to be realistic enough that afier simulator training
students would be able to recognise anatomical structures in the cow based on the way the sume
structure felt in the simulated environment. However, exactly how realistic has not been defined
and is unknown for bovine rectal palpation. A decision was made that the aim should be (o
produce virtual models that when palpated by experts would be assessed as at [east acceptably
realistic representations. During an internal examination, the structures palpated are not visible
unless a specialised technique such as ultrasound or endoscopy is used. & visual representation
may or may not be useful to the student but if the teacher was able to see the student’s hand

movements inside the virtual cow then providing effective guidance would be much easier.

The creation of virtual models of human organs is very challenging and has received considerable
attention in haptic research (see Section 2.7 above). A range of methods have been developed to
produce structures that feel right. Additionally, in the case of surgical simulatars the models need
te respond to insteuments and produce physiological changes associated with, for example, blood
loss. For palpation-bascd procedures, using direct manual contact rather than interaction through
an instrument, there is a need for even greater realism. When palpating soft tissue, the surface
should deform in response to pressure. Additionally, certain objects are not fixed and would move
when touched or grasped. Incorporating all these factors in a virtual environment would provide a

simulation closely resembling the real situation.

‘The first stage when creating a virtaal haptic modei is to identify and parameterise the tissues’
properties cither by using measuring devices applied in vivo or in vitro to organs of human or
animal origin or by asking experts to use their experience to assign values. The virtual models, to
be anatomically correct, need to include accurate representations of the shape, size, relative
position as well as the feel, firmness or softness and organ content, solid or a ([uid [illed lumen. In

the current work, experl knowledge was used because for a palpation-based procedure performed
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per rectum tnaking instrument-based measurements would be particularly difficult, il not
impossible. Therefore, the properties of the bovine models were set on the basis of the researchesr’s
experience as a cattle practitioner, with additional input from other velerinary surgeons. While
creating the simulations, the researcher performed examinations of cows on routine dairy herd
lertility visits, in some cases accompanied hy students and could make regular comparisons with

and adjustments to the virtual environment.

The virtual environments were developed using the GHOST SDK Vetsion 3.1 (from SensAble). A
virtual simuolation can be created by scanning an object and prodocing a VRML. model composed
of polygons, which would closely resemble the dimensions of the original structure. However,
when an cxample of such a virtnal model, a horse ovary, was palpated the edges of the polygons
were discernable (even after using ane of the standard GHOST smoothing algarithms) and this
was very distracting for the user. Therefore, a decision was made to create the anatomical models
using the geometric shapes supplied in the standard GHOST libraries (‘gstCube’, ‘gstSphere’,
*gstCylinder’), either singly or in combination, The properties of cach object - the size and shape
(width, height and radius) and feel - were set using standard GHOST tunctions. The object’s
position in 3D space was manipulated using standard GHOST functions for translation and
rotation. The creation of the basic components of the virtual simulation is described in a table in
Appendix 3.4, The graphic representations of these combined geometric shapes were presented to
the teacher on the computer monitor and the student’s corrent hand was represented by the cursor,
which could be followed daring the exploration of the virtual scene. The standard GHOST
graphics package is quite limited but, as the representation was for the teacher not the student, a
basic representation of vrgans, with regard to colour and appearances, was consideted satistactory.
An improved version would use OpenGL to create more realistic graphic objects and allow for

further munipulation of the graphic scenes but was not part of the current implementation,

The haptic properties of the anatomical structures are reluyed (0 the student via the PHANToM
force feedback device. The student places a finger in the thimble gimbal at the end of the
mechanical arm. Bach object’s properties were created by combining the standard GHOST haptic
functions: stiffness, friction and damping; and adjusting the parameters. The valucs nsed and
resulting haptic properties varied considerably between tissue types. For example, the bones of the
pelvis felt hard with an impenetrable surface whereas the pregnant uterus was perceived 1o be soft,

with a thin wall and [luid in the fumen, deforming when presscd.
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The stiffness function, which controls the perceived firmness (softness or hardness) of an object,

uses the linear Hooke's taw model:
Reaction Force (felt by user) = aconstant (K) x  penetration distance into an object

The stiffness function parameter is the value of K, or the KSpring, within a range of 0.1 to
L.ON/mm (Newtons/millimetre), the higher the value the harder the object. Bone would have a
value close to 1.0 and the nser would feel a large reaction force for a short penetration distance.
The pregnant ulerns (flnid filled) would have a much lower value and the surface could be balloted
giving the impression of fluid content. The surface friction is the resistance to movement over the
surface of an object. This is controlled by two functions, one relating to movement from stationary
or first contact (static) and the other to ongoing movement {dynamic). The higher the parameter
values for these functions the greater resistance to both types of movement and this can be used to
control the perceived ease of movement over an object during palpation. The damping function
controls the viscosity felt on an object’s surface, a high parameter value simulates the feeling of a
sticky swrface, which is more difficult to move the hand away from. Low values were used for the
bovine models because the real stenctures are covered by a moist smooth membrane and therefore,

have a more slippery than sticky [eel when moving over the surface.

The modeis that have been created are: the pelvis with the pelvic brim and the ventral abdominal
wall extending cranially: several versions of the cervix with different size, length and shape
depending on the position of the uterus; several verstons of the non-pregnant uterns, flat or curled
in the pelvis (Figure 3.3), and extending into the abdomen; nvaries with a follicle and a corpus
luteum; early pregnancies, Additionally, the bony ridge at the cranial extent of the pubis was
added to the pelvis after students asked about the structure during a farm visit. All the models were
developed using an iterative approach: ‘set properties, palpale virtual object, adjust properties’

until a realistic representation was achieved.
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Pelvic Area

Uterus

A

Abdomen

Pelvic Brim

Figure 3.3. The intra-pelvic curled uterus: an illustration on the left, lateral view (from the
side), and a virtual model on the right, dorsal view (from above). The student is instructed to
sweep the hand from side to side along the pelvic brim and then move backwards along the

pelvic floor until the uterus, which feels similar to two knuckles, is palpated behind the hand.

Implementation Decisions and Limitations

The simulated environment contained anatomical structures based on the objects originally
developed by Baillie (Baillie 2003). A number of new simulations were created and others were
modified using information gathered during evaluations with veterinary surgeons. Additionally,
the experience gained with the virtual environment led to a better understanding of the best way to
create a particular effect. Achieving a realistic feel for each anatomical structure depended on
giving consideration to the combination of the haptic functions rather than adjusting only the
parameter value of the function assumed to be closest to the desired effect. For example, the
perception of softness was affected not just by the KSpring (stiffness function parameter) but also
by the control on the user’s movement on the object surface produced by the friction and damping
functions. The perception of an object’s haptic properties also appeared to be influenced by other
factors including changes in an object’s orientation and the effect of gravity. Additionally, the
properties of one object can affect the user’s impression of a neighbouring object. For example,
moving rapidly off a slippery surface gave the impression that the next object encountered was

harder than expected in relation to the KSpring value.

The workspace, set at the default size, was large enough to simulate the pelvic dimensions but did
not support the range of reach required to palpate advanced pregnancies in the abdomen.
Therefore, only the pelvis and caudal abdomen were simulated, which provided the space to

position first trimester pregnancies and a non-pregnant intra-abdominal uterus; second and third




trimester pregnancies were not represented. In the cow structures move in response to palpation
and certain procedures involve manipulation. The simulated objects were all static and although a
degree of mobility could have been developed using extra force fields or spring effects, this was
beyond the scope of the current implementation. For novices, the movement of struciures,
although part of the real experience, might over complicate the initial interaction. The student was
to be instructed to maintain contact with an object during palpation. This would be a useful skill
for the real examination becawse il a structure moved the hand would be more likely to remain in
contact. Also the continuous haptic feedback would help in determining a structure’s

identification, building a mental image of the object under the haud.

The single point of contact available with one PHANTeM force feedback device could be
considered to present a serious limitation when modelling 4 hand-based procedure. However, some
aspects of the haptic exploration of an object can be approximated with one finger as the user can
appreciate the firmness by pressing and when moving over the surface will be able to assess
texture, volume and shape (I.ederman and Klatzky 1987). Therefore, learning to search the three-
dimensional environment and identifying structures including the pelvic brim, the cervix and the
uterus and performing pregnancy diagnosis could be achieved with a single point of contact. Based
on observations with veterinary surgeons, the middle finger appeared to mimic hand-based
procedures better than the index finger, and therefore, students were instructed to place the middle
finger in the thimble. However, certain tasks performed during boviuve rectal palpation, including
ovary palpation and ‘membrane slip’ (used as a means of diagnosing pregnancy), involve
grasping, which requires at least two points of contact. Membrane slip is not performed by afl
practitioners because of the risk of causing abortion (Sheldon and Noakes 2002) and the technique
1s not recommended For mexperienced operators. However, ovary examination is central to fertility
agsessment and a way needed to be found to represent this with the simulator. One option would
be to nse two PHANToMs but this would inercuse the cost, reduce the workspace dimensions
(Walf and Harwin 2001) and the two tuechanical arms may collide. During ovary palpation, one or
more digits act to stabilise the structure while the surface is explored with a different finger or the
thumb. In the simulation, the ovary was fixed with the veniral third submerged in the pelvic floor
and this representation, although not ideal, allowed the aser to explore the surface of the stabilised

ovary for cyclical structures with the single point of contact.

There are other aspects of the cow that were not included in the sivovlated environment. A virtual
representation of the hand within the rectum and the presence of faeces and peristaltic waves

passing over the hand and arm would be difficult to simulate. These [aclors roake the interaction
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more life-like but also more difficult and take time to overcome. There are likely to be timetable
limitations, which would affcct the length of teaching sessions and therefore, without some of the
“life-like” distractions the student conld spend the whole session concenirating on learning to find
and recognise landmarks. Augmenting the simwlation with physical structures, such as the
preserved rectum used with the PITANToM horse (Von Kiinzel and Dier 1993), would make the
interaction more realistic and could be considered in the future. In the meantime, the teacher
informs students of the differences.

The Teaching Package

The virtnal models were combined into a range of simulations to represent each of the stages in the
novice’s learning process, as identified in the design section (Figure 3.3 above). During the
training session, the teacher faunches successive menu options accessed from a dialog box (Figure
3.4). The student places the middle finger in the thimble pimbal at the end of the PHANToM
mechanical arm and palpates the virtual objects. The teacher provides guidance while following
the student’s exploration in the virlual environment on the computer monitor. The PHANToM was
positioned inside a [ibreglass model of the rear-half of a cow as this arrangement would help the
student to feel more immersed in the learning environment. The student and teacher progress
through each stage of the procedure, with a teacher-led instruction phase followed by the student
repeating the task with guidance and feedback as required. The aim was that training would be

completed within a thirty minute session.
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$|
A Bovine Rectal Palpation Simulator for Training Veterinary Students
SELECT STAGE OF
o PREGNANCY -
3 | B
(N © B WEEKS (R}
R 5 i « 8 WEEKS (U
Teacher's Menu for Training Session € 10 WEEKS (R)
10
LevelA | Finding the Floor, Cervix and Pelvic Brim WeEKR

Finding the Uterus (in different positions) and palpating Ovaries:
Level B1 Intra-pelvic Uterus (flat)

Pregnancy Diagnosis: /
 Lewic | me@ :

Pelvic floor

Figure 3.4. The teacher’s menu with the three levels: A, B and C, representing the learning
objectives. Each button launches a simulation (e.g. bottom right: an 8 week pregnancy
implanted in the right uterine horn) with further menu options (e.g. top right) for the
teacher to use while instructing the student to perform the steps for each task. The blue dot

represents the student’s hand position on the right uterine horn.

3.5 Evaluations

3.5.1 Overview

Nine veterinary surgeons from Clyde Veterinary Group in Lanark, the practice where students
from Glasgow undertake part of the final year farm animal rotation, took part in the simulator
evaluation. Three of the veterinary surgeons had been involved in the evaluation undertaken
during by Baillie (Baillie 2003); the other six were new to the simulated environment. They
assessed the degree of realism of the virtual environment (face validity) and the teaching protocol
structure with regard the combination of steps and simulations that would support the novice’s

learning process (content validity). These criteria relate to the initial steps that should be
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undertaken when validating a simulator, as described by Neufeld and Norman (1985). The resulis

are detaifed in Appendix 3.5 und summarised in the following sections.

3.5.2 Evaluating the Models

The veterinary surgeons palpated each anatomical model and assessed the shape, size and feel, as a
realistic, acceplable or not acceplable representation. The results are presented graphically in
Figure 3.5 {next page). The cervix, pelvic floor, pelvic brim, the series of representations of the
uterus, the ovary, the follicle, and the 10 weck pregnancy were rated by all of the experls as either
realistic or acceptable representations for all the criteria: shape, size and feel. The [eel of the
corpus Iuteum was raied as not acccptable by one veterinary surgeon and, as his and other
participants’ conunents indicating that in many cases the structure would be softer, (he value was
adjusted; the shape and size were rated as acceptable or realistic. The shape and feel of the 8 week
pregnancy were rated as realisiic or acceptable but the size was rated as unacceptable by one
veterinary surgeon and this, together with other comments snggesting that the model represented a
pregnancy belween 7% and 8 weeks, resulted in the simulation being renamed. The ridge at the
cranial aspect of the floor of the pelvis was not an acceplable representation and this finding,
together with the view of five of the participants that the ridge did not need to be included resulted
in a decision to remove the structure from the current version of the simulations. The comments
made by the veterinary surgeons while evaluating the models were also used to improve the
descriptions and instructions given by the teacher when students palpated the models. In particular,
emphasising that the models were just examples from the wide range of possible findings would
help to prepare the students lor the variations between cows. T'he graphic representations were
basic but were considered to be udequate, as they were for the teacher not the student. The fact that
the teacher could follow the siudent’s actions inside the cow was considered to be extremely

useful.
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3.5.3 Evaluating the Teaching Protocol

The veterinary surgeons were presented with a range of options for the stracture of the leaming

environment and were asked to answer a scries of thirty-three questions about the teaching

protocol. The participants had to decide which steps should be included and to determine the step

order that would support the novice’s learning process. There was unanimous agreement for

twenty-scven of the thirty-three questions and for the remaining six questions, the option chosen

by the majority was selected as the one to be used. The teaching protocol had been developed with

the aim of achieving the learning objectives identificd in the requirements analysis. The evaluation

by the veicrinary surgeons indicated that the design was strnctured in a way that should support

these aims, 'he veterinary surgeons considered that when providing training with the simulator,

the impaortant first steps were to learn to orientate in the pelvic avea, finding the cervix and then the

uterus, The pelvic brim is a key landmark because, if the student has been unsuccessful finding the

uterus, sweeping along the brim helps in the decision to continue the search by exploring cranially

inte the ubdomwen or caudally into the pelvis. The more advanced techniques of covary palpation

and pregnancy diagnosis were considered to be useful techniques to learn in the simuiator.

Stucdents are likely to have the opportunity to perform both procedures during the first EMS

placement and some form of preparation would be helpful. The resulting teaching protocol to be

used during training sessions is smimmarised below as a list of steps, together with the details of the

technique used:

Step 1: Orientate in three-dimensional space

e Combine mavements in X, y and z planes: down to the pelvic floor, then side to side to locate
the cervix in the midline and then forward along the floor to the brim (becoming familiar with
the pelvic landmarks and using the haptic device)

Step 2: Find and identify the utcrus (three simulations, each with a different uterus in a different

position)

¢ Tind the cervix (as Step 1), follow the cervix forward to the uterus

» Ideniify the uterns based on palpation of the conjoined horns, as a double bump.

¢ If unsuccessful, move forward to find the brim. sweep from side to side, then depending of
structures found move cranially into the abdomen or caudally to search the pelvis

Step 3: Palpate ovaries

s Follow the uterine horn round to the tip, then explore the surrounding arca to tocate the avary

* Explore the surface of the ovary for cyclical structures
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Step 4: Pregnancy diagnosis (first trimester)
* Sweep the hand over the two horns to appreciate the relative size and ballot the uterus to

compare the fluid content of the implanted versus non-implanted horn.

The participants’ comments emphasised the importance of training students to develop a search
stralegy because although veterinary surgeons may locate structurcs immediately, novice students
will not. All the veterinary surgeons considered that during training sessions students should be
guided by the teacher initially. Then students should be allowed to explore on their own, which
would help to reinforce the procedure and allow students to reflect on their technique. During this
phase, the teacher should provide feedback on performance as required, correcting errors in

technique and confivming the identity of siructures palpaied.

3.6 Conclusions

After discussions with veterinary surgeons and students, there is no doubt that there is a need to
find a new and more effective way of teaching bovine rectal palpation. Students’ performance
after traditional training is poor (as shown in Iligure 3.1) and resources are increasingly limited,
The situation is compounded by the fact that the student’s actions inside the cow are not visible to
the teacher, which makes providing effective guidance difficult. The students considered that
providing training prior to the first examination of a cow would be particularty useful. The aim of
the cuirent project was to design a simulator-based teaching tool using haptic technology to reach
the procedure to novice veterinary students. The simulator should enable the teacher to have a
morc cffective input into student’s learning process and equip students with skills that allowed

them to make better usc ol the limited learning resource, the cow.

The teaching and leaming needs of novice veterinary students were determined after coasidering
the views of both veterinary surgeons, as experts and teachers, and students, as learners, aud the
information was used to design the teaching tool. Tn addition, a task analysis was conducted with
expetts as a way of determining each step of the procedure and providing the details for the
teaching protocol. The virtual models and teaching protocol were developed and then assessed by
nine veterinary surgeons. The models were well rated, indicating that the virtual environment was
sufticiently realistic and establishing face validity. This was an important step because the virtual
models necded to be realistic enough that on the basis of the way an anatomical structure felt in the
stmulator, students would be able to recognize the same structure in the cow. When the design of
the teaching protocol was discussed with the veterinary surgeons, the feedback indicated that the

component stages and steps of the task were represented and in the correct order. The evalwation
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of the design indicates that the simulator is structured in a way that should allow a teacher to train

students to perform the key skills for the procedures of bovine rectal palpation.

A simulator has been developed that has passed the first important stages in validation: the
environment was a realistic enough representation (face validity) and the teaching protocol
included the steps of the tasks that novices nced to learn {content validity). However, there is stilt
the possibility that students trained wilh the teaching tool would just be learning to use a computer
simulator. Therefore, the next important step is to determine whether the skills acquired during
training transferred to the real task, examining cows, and an experiment to investigate this is

presented in the next chapter.
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Chapter 4: Validating the Simulator: Skill
Transfer to the Real Task

4.1 Introduction

When producing new medical and veterinary training tools, developers should demonstrate that
the tool is effective before considering widespread use either when integrated into a curriculum or
released commereially (Berg er al. 2001; Magee 2003; Scalese aud Issenberg 2005). The work
presented in the previous chapter, addressed the issue of designing a simulator specifically to train
novice veterinary students. The aim was to identify the students’ learning needs and design a
training tool to equip students with skills that would mean they would be better prepared for EMS
placement training, which is (he [irst opportunity that Glasgow students get to perform bovine
rectal palpation. When validating computer-based stmulators for medical training, there are a
series of steps, originally defined by Neufeld and Norman (1985), that should be undertaken and
these have been discussed in detail in Chapter 2 (Section 2.9). The first steps in validation involve
determining whether the models are realistic enough representations of the patient or animal (face
validity) and that the component steps of the task are included (content validity). Experts palpated
a range of bovine models, and all those used in the teaching tool were rated as realistic or at least
acceptable representations. The tcuching protocol was discussed {o ensure that the task was
represented 1n a detailed and structured way and would support the learning objectives. However,
even if a simulator is well designed, research still needs 1o be undertaken to establish the ultimate
test of efficacy: after a simulator session, trainees should have devcloped skills that result in
improved performance during the real task. If this is the case, there will be benefits for both the

learner and the patient, fiuiman or animal.

There have been studies that describe undertaking one or more of the stages of validation for both
surgical and other clinical procedure virtwal reality (VR) simulators. However, only a limited
number have demonstrated that training has resulted in improved performance during the reaf task,
and all were in the areas of minimally invasive surgery and procedures. After training on the
psychomotor skills device MIST-VR, alonc (Seymour et af. 2002) or in combination with a
laparoscopic simulator (Schijven ef al. 2005), trainee surgeons showed improved performances
when dissecting the gallbladder (cholecystectomy) in the operating room, compared with control
groups, Another study, using a bronchoscopy simulator (AccuTouch) found training resulted in
improved performance for novices undertaking the procedure on patients for the first time when

compared with conventional traintng (Ost et al. 2001). However, a study looking at training for
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intravenous catheter placement using a virtual reality simulator found no beneficial effects when
trainees subsequently performed the task on real people (Prystowsky et al. 1999), which illustrates

that there is a risk of assuming a simulator will deliver benefits without proof.

There are fewer simulators developed specifically for palpation procedures, Several studies have
demonstrated learning effects in the virtwal enviromment [or certain aspects of the tasks {Langrana
et al. 1997, Crossan et al, 2002, Williams et ¢l 2004; Howell ¢t al. 2006). Other work has
investigated whether the skill levels can be differentiated when measuring performance with the
simulator (construct validity). After training with a prostate simulator non-medical students
performed better than urology residents when both were assessed in the virtual environment
(Burdea ef al. 1999), When the performance of experts and novices was compared using the Horse
Ovary Palpation Stmulator (HQPS) no differences were found (Crossan et al. 2001). In both cases
the failure to discriminate between the levels of expertise accurately was attributed to differences
between the virtnal environment and the real task. This underlines the need to ensure the design is
soand (face and content validity) before progressing on to other evaluations. Additionally, all the
evaluations of the VR palpation simulators have either been undertaken in the simulated
environment or have used bench tests for asscssiment and none have measured subsequent

perfornmance on real patients,

‘I'ne bovine simulator developed by Baillic (Baillie 2003) was used to teach students and they
indicated that training had a bepeficial cffcct on their subsequent performance examining cows
(Baillic 2003). However, the evaluation depended on students’ assessment of their own
performance because, as with teaching the procedure, the student’s technigue inside the cow is not
visible. Additionally, students had a range of experience lovels and performed the post-simulator
examinations during EMS. In these circumstances, the examinations would he variable with regard
o the time allowed and the assistance provided by veterinary surgeons. ‘Therefore, when
conducting the validation of the simulator designed specifically to teach novices, there is a need

for standardisation of conditions and independent verilication of performance.

The following sections detsil an experiment conducted to assess whether novice veterinary
students acquired skills during simulator training that transferred to rectal palpation in the cow: W
ensure that stadents arc being equipped with vseful skills. This experiment presents the first
attempt to validate a VR simulator designed for teaching a palpation skiil (rather than a surgical

skill) by measuring and verifying the subsequent performance during the real task,
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4.2 Experimental Design

4.2.1 Task and Verification of Performance

The first issue to address was identifying a component of the procedure of bovine recial palpation
that could be used as a measure of performance. The simulator had been designed to equip novices
with the component gkills of the task and one of the first learning objectives was to find and
identify the uterus. Students need to master this fundamental skill before progressing on to
perfonming fertility examinations and diagnosing pregnancy. Thercfore, locating the uterus was
chosen as the task to be measured. The next stage was to determine how to verify student
performance as the structure palpated is out of sight inside the cow. Ultrasound is used during
fertility examinations and provides scans, or images, of the uterus, ovaries and pregnancics and
therefore, could provide a means of verifying that the uterns had been idenlified correctly.
However, ultrasonography is a specific skill requiring additional training and, therefore, a way had

to be fonnd to use the ultrasound probe passively.

A pilot study was carried out to investigale the praciicalities of using ultrasound to verify the
identification of structures palpated. Four final year students with previous experience of bovine
rectal palpation were traincd with the simulator and then examined cows on a farm. A standard
bovine ultrasound scanner was used with a 7.5 MHz 65mm linear probe (Aloka, from BCF
Technologies). The probe was taped to the middle of the palm of the hand. The students examined
non-pregnant cows and were instructed to try to locate the uterus. The wterus identification was
confirmed in nine of ten instances, demonstrating that ultrasound used passively was a suitable
way to verify performance. However, the length of the probe was problematic for students with
small hands, interfering with the movement of either the fingers or the wrist and therefore, another
scanner was chosen with a shorter 40mm probe (Sonovet 600, from BCF 'I'cchnelogies (Figure
4.,1}}, which fitted within the palm. A range of adhesive tapes were tested, as the probe needed to
be attached securely to prevent rotation during the cxamination. The most effective protocol was
fo attach the cable firmly to the forearm at the wrist and just distal to the elbow with high guality
waterproof adhesive tape (SafaSilk, Plastod). The probe was held in position on the palm of the
band with a differcat type of tape (Omnifilm, Hartmann) containing a non-metallic adhesive,

through which vlirasound would penetrate (Figure 4.1).
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Figure 4.1. Left: the ultrasound scanner, probe and a video to record the scans. Right: the

40mm probe taped to the palm of the student’s hand with the cable taped to the arm.

The format of the farm visits, both during the pilot study and in the following validation
experiment, was typical of clinical teaching sessions at the University of Glasgow Veterinary
School and during EMS. All the cows examined had been selected by the farmer for routine
fertility checks. The researcher, a veterinary surgeon, examined each cow and was then followed
by no more than two students, in compliance with the university’s welfare guidelines (Parkins and
Harvey 2001). The students taking part in the pilot study (all in the final year and experienced
examining cows) had taken between 35 seconds and 3 minutes 25 seconds to locate the uterus. On
the basis of these times and in the interest of animal welfare, a maximum of five minutes was set
for the novices’ examinations in the validation experiment. The design of the experiment was
discussed with a Home Office Inspector and approved by the Ethics Committee, Faculty of

Veterinary Medicine, University of Glasgow.

4.2.2 Participants

When recruiting students to take part in the experiment, certain factors needed to be standardised
including: prior experience performing the procedure, and exposure to traditional teaching.
Student volunteers were asked whether they had ever performed rectal palpation of cows or
horses. Students were only considered eligible if they were complete novices, having no
experience performing rectal palpation of cows or horses, to remove existing skill as a
confounding factor. All the students were at the same stage of the course, the third year of the
undergraduate curriculum, had completed the anatomy and physiology courses on bovine
reproduction but had not started clinical EMS. Forty-nine students volunteered and thirty—one
were eligible. Sixteen students were then randomly selected (using the random function in
Microsoft Excel) and allocated to one of two groups: Group A would be trained with the
simulator, and Group B would act as controls, having received traditional training only. The

sample size of eight per group was estimated using Chi-squared and was based on the expected




performance of simulator trained students (prior observations by the researcher). In Group A, there

were six female and two male students, in Group B: five female and three male students.

4.2.3 Experimental Protocol

Training

The aim of the experiment was to compare the performance of simulator trained students (Group
A) with those who had received traditional training only (Group B). The eight students in Group A
received a training session on the simulator with a teacher (Figure 4.2). At the beginning of the
training session the student was given an overview of the simulator-based training environment.
The teacher then instructed the student in the procedure of bovine rectal palpation, following the
teaching protocol and using successive simulations to achieve the learning objectives (Levels A, B
and C, as described in Chapter 3). To reiterate, in brief, the training involved teaching the student
to orientate in three-dimensional space, to develop search strategies and to identify anatomical
structures using palpation. Initially, the student learned to identify basic landmarks in the pelvis
and then, to develop the skills required to find the uterus in different positions, to identify other
key anatomical structures and to perform pregnancy diagnosis (at the seven to ten week stages).
The teacher identified each virtual object palpated by the student and described the characteristic
properties the student needed to learn to recognise the same structure in the cow. After being
guided by the teacher, the student repeated the task with feedback as required. The sessions lasted
between twenty and thirty minutes. The eight students in Group B did not receive simulator

training. All the students had undertaken the traditional training provided in the preclinical course.

Figure 4.2: A simulator training session. A student palpates the virtual reproductive tract,
receiving touch feedback from the PHANToM haptic device positioned inside the fibreglass
model of the rear-half of a cow while a teacher follows the hand movements on the computer

monitor and provides instructions. (Photo included by kind permission of Andy Price).
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Farm visits

During a series of eight farm visits, the performance of the two groups of students was compared
when examining cows for the first time. At each visit, two students, one from Group A and one
from Group B, examined four non-pregnant cows and were set the task of finding the uterus
during a five minute examination. On arrival at the farm, the researcher performed fertility
examinations on the cows selected by the farmer (Figure 4.3). Cow details were recorded (cow ear
tag number, uterus position and approximate size) and ineligible cows (e.g. pregnant) were
replaced. In the meantime, before examining the cows, the students read the experiment instruction
sheet (Appendix 4.1). The students were also shown a diagram of the bovine reproductive tract,
from the second year anatomy course notes, in case Group A had an advantage as a result of

revising the anatomy during the simulator training session.

Figure 4.3. Examining the four cows on the farm. On arrival, the researcher, a veterinary
surgeon, performed fertility examinations and assessed each cow’s suitability for the

experiment.

The students then examined the cows. Each student examined two cows first and two cows
second, as performing the examination first could be advantageous. While one student was
examining a cow, the other student sat in the car. Each examination was timed from the point at
which the student’s hand was through the sphincter and the ultrasound was recorded on a video
tape. During the experiment, the researcher provided no feedback or instructions, other than
explaining how to approach a cow safely and how to insert the hand into the cow’s rectum. When
the student reported locating the uterus, the time was noted and the researcher used the ultrasound
to identify the structure palpated. The student was asked to describe the size and position of the

structure, as the uterus could have been under the probe in addition to the structure the student was
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paipating. Each pair of students cxamined the same four cows and, therefore, il one cow proved
particularly difficult to examine (for example, excessive peristalsis), this was matched for both
students. Each examination was terminated after five minutes or when the student reporting

finding uterus.

The experimental sessions were recorded by the researcher using a Dictaphone for subsequent
analysis in conjunction with the video footage of the nltrasound, 'I'he ultrasound recordings were
evaluated independently after the experiment by anotber experienced cattle practitioner, who was
blinded to the group to which each student belonged. The independent chscrver was shown the
video tape at the point at which the student described finding the utcrus. The obscrver had to
decide whether the nltrasound image on the tape was, or was not, the uterus and i not, to decide

what was the most likely alternative.

4.2.4 Hypotheses
Hypeothesis 1

Group A (simulator trained) would be no more able to find the uterus when cxamining cows for
the first time than Group B (traditional training only). The perlormance was measured by
successliul uterus identification, verified using trans-rectal ultrasound and the student’s description
of the position and size of the structure palpated. The dependent variable was the ability to find the

uterus. The independent variable was the type of training,

Hypothesis 2

Group A would he no faster at finding the uterus in real cows than Group B. The dependent

variable was the time taken to locate the uterus. The independent variable was the type of training.

4.3 Results

Tach student cxamined fonr cows and had up to five minutes to try to find the uterus in each cow.
None of the examinations were terminated prematurely and none of the cows were withdrawn
during the experiment for welfare or any other reasons. The wterus identification rates per four
cows are shown in Table 4.1. The times taken for the successful examinations are shown in Figure

4.6,

Uterus identification rates

All the students in Group A found and correctly identified the uterus in al least onc of the four
cows examined compared with oaly onc student from Group B. Within each pair (both students

examining the same cows) the student from Group A was more successful, identifying the uterus
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in a higher proportion of cows, than the student from Group B, The total number of uterus
identifications independently verified from the nltrasound for Group A was 18 out of a passible 32
(eight students examining four cows each), compared with 1 out of 32 for Group B (Tablc 4.1:

cofumns 6 and 7 in bold).

Student identification Structure identified Ultrasound verified |
rates: (from student description of identification rates:
‘uterus found / 4 cows’ | size & position +/- ultrasound) | ‘nterus found / 4 cows’
_Pair | Group A | Group B Group A Group B Group A Group B
1 2 0 Uterus x 2 1 .0
2 3 1 ! Ulerns x 3 Rumen 3 0
3 3 2 Uterus x 3 Rumen x 2 2 0
4 3 1 Uterus x 3 Rumen 3 0
5 2 1 Uterus x 2 Bladder 2 o
6 3 n ! Uterus x 3 Uterns 3 1
7 3 0 |__Uteras x 3 2 0
8 2 1 Uterus x 2 Rumen 2 0
Total 21 7 18/32 1/32

Table 4.1 Uterus identification rates per four cows for the eight pairs of students, The 2™
and 3" columns are the rates reported by the students. The 4” and 5 columns in the centre
of ihe table are the structures idcntified based om the student’s description and / or
ultrasound images. The 6™ and 7™ columns (in bold) are the identification rates verified

independently using the ultrasound.

For Group A, in all cases the descriptions of the vtetvs size and position were similar to those
made by the veterinary surgeon. There were three additional identifications reported by the
students in Group A that could not be verified by ultrasound for various reasons: video not
recording (Group A, pair 1), ultrasound image obscured by air under the probe (Group A, pair 3),
or the probe had rotated (Group A, puir 7). In each of these cases, the student described the size
and position of the uterus accurately but without independent verification these results were not
included i the final analysis. Six students in Group B reported finding the uterus in one or more
cows but all of these except one were incorrect and were identified from the descriptions and the
ultrascund as other structures, including the bladder and the ramen. An example of an ultrasound

tmage recorded when a student from Group A identified the uterus is shown in Figure 4 4.
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Figure 4.4 An ultrasound image showing the two horns of the uterus (towards the top on the

left and mid screen) as identified by a student from Group A.

The results for the performance of the two groups were analysed using McNemar’s test (Petrie and
Watson 1999). The test was used to assess whether the proportions of successes of the two groups
were equal and to account for matching: same four cows examined by each pair of students (data
in Table 4.2). The proportions were significantly different (p < 0.001), indicating that Group A

were better at finding the uterus than Group B.

Group B success | Group B failure | Total no. pairs
Group A success 1 17 18
Group A failure 0 14 14
Total no. pairs 1 31 32

Table 4.2. Results for the two groups in a format for McNemar’s test. The table shows the
frequency of the four types of pair for the two outcomes: success finding the uterus, failure

to find the uterus in the 5 minute examination.

The number of successes finding the uterus in relation to the order in which the cows were
examined for the students in Group A is presented graphically in Figure 4.5. Only one student
found the uterus in the first cow examined. Students were more successful in subsequent cows: 5/8
in the second, 7/8 in the third, and 5/8 in the fourth cow examined. For one student in Group B

who successfully found the uterus, this was in the second cow examined.
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Figure 4.5. Ultrasound verified uterus identification rates for students in Groups A. The
graph depicts the number of students finding the uterus in relation to the order in which the

cows were examined: 1%, 2", 3" or 4™,

Time to locate the uterus

The time taken by the students to locate the uterus was recorded and the values for those who were
successful are shown in Figure 4.6 and detailed in Appendix 4.2. For Group A the times ranged
from 45 to 238 seconds (18 observations, mean: 115.3 seconds, standard deviation: 62.2) and the
one successful identification from Group B took 258 seconds, slower than all the times for Group
A. Statistical tests to compare the two groups were not performed because there was only a single

value for comparison in Group B.

400 — - — et —————
240

180

Time
/ seconds

120

60 1

Al A2 A3 A4 A5 A6 A7 AB Bt B2 B3 B4 BS B6 B7 B8
Students in Group A Students in Group B

Figure 4.6. Times taken to locate the uterus based on the ultrasound verified data. Each
student was allowed up to 5 minutes to complete the task. Group A (simualtor training, solid
(crimson) bars) had 18 successful identifications, Group B (traditional training only, hashed

(blue) bar) had 1 successful identification.
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4.4 Discussion

The aim of the work was to determine whether training with a VR stmulator equipped students
with skills that would be useful when examining cows for the [irst time. An experiment was
conducted to compare the performance of a group of studeunts whose training had been
supplemented with a simulator session (Group A) with a control growp (Group B) who had
traditional training only, The task, or performance measure, was (o find and identify the utcras in
four non-pregnant cows. Locating the uterus is a [undamentat skill and is the first step for a range
of procedwres, including fertility examinations and pregnancy diagnosis, whether performed
manually or nsing an ultrasound scanner. During the experiment, confirming the identification of
slructlures palpated inside the cows by students was going to be difficult. One way to approach this
problem would be to rely on students reporting on their own findings but this could be inaccurate

and therefore, ultrasound, used passively, provided the means of verify performance.

Hypothesis 1, which stated that Group A would perform no better than Group B, has been rejected
based on the results. Group A were significantly better at performing the task, locating and
identifying the uterus as verificd from the ultrasound images, than Group B. Therefore, the
simulator training had cquipped stodents with skills that enabled them to perform the task more
effectively when examining cows for the first time than if they had received traditional training

only.

Hypothesis 2 stated that Group A would be no faster than Group B at perforiming the task. The
time available to examine cows under farm conditions is often limited. Therefore, being able to
perform the examination quickly would be useful and has been considered to be one of the
important recasons for providing training for bovine rectal palpation (Sprecher er af. 1994). If
simulator training resulted in students performing faster then they would be more likely to achieve
the task in the time available and would have time to practice other tasks, including finding the
ovaries. However, Hypothesis 2 was not tested because there was only 4 single value in Group B
for comparison with the eighteen values in Group A. It is possible that it allowed more time
students in Group B might have found the uterns in more cows. However, 4 maximum time had

been set for the experiment in the interest of animal welfare.

‘I'he results for Group A indicate that simulator training was a useful way to prepare students for
the first examinations of cows. Additionally, the poor performance of Group B highlights how
difficult the procedure is for students to perform after recciving only traditional training. The
information provided by students using the teaching tool developed by Baillie (Baillie 2003) had

indicated that traditional training was not very effective (Figure 3.1). This is supported by the
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results in the current study for Group B, who only found the uterus in one of the thirty-two cows
examined, The students in Graup A not only found the uterus more frequently but were also more
accurate: when they said they had found the uterus they were correct. The students in Group A
may have been more confident to try to identify the uterns as a result of undertaking stmulator
training before examining cows. However, the students were accurate in their identifications and
this indicates that after feeling the uterus in the simulated environment the students were able (o
recognise the same structure in the real cow and therefore, that the virtual models were sufficiently
realistic representations. However, the students in Group B, although reporting finding the uterns
in scven cows, were ouly correct in one case. In the other cows, instead of palpating the uterus the
ultrasound indicated the student had found the rumen or the bladder. The inaccuracy of Group B
underlines Lhe importance of using ultrasound as a means of verification rather than relying on the
students reporting their own performance. Additionally, traditional training alone, where students
would, for exawple, learn what a vterus looked like in anatomy lectures and practicals did not
equip them with the required skills for performing bovine rectal palpation. Overall, the results
indicate that simulator training had equipped students with two basic skills: performing a search to

find the uterus, and tdentifying the nterus using palpation.

The success rates of Group A at lucating the uterus varied between cows (Figure 4.5). Students
were more successful in the second {5/8), third (7/8) and Fourth (5/8) cows examined compared
with the first (1/8). These observations are interesting but the numbers are small and the
experiment was not designed to look at the effect of successive examinations on student
performance and therefore, interpreting these findings requires caution. Students would be
expected to learn from each examination and would build on this experience over time. This effect
was most noticeable after the first cow probably beeuuse when examining the first cow the
stodents had to become familiar with the aspects of the real cow that were not present in the
simulated environment; the rectal wall, faeces and peristalsis. Further development of the
simulator could address this issne with rcpresentations of more of the aspects of the real cow,

including perhaps a preserved rectum added to the fibreglass cow.

‘When considering the level of success of both groups of studeats during the experiment this may
have been less than when first examining cows during EMS or at university. Although the studenis
were under the supervision of a veterinary surgeon, the guidance provided rclated (o safety and
wellare issues only, as responses to other questions would have been difficult to standardize and
could have affected performance. In practice, more guidance would be given and therefore, even

with traditional training alone, students might perform better than under the experimental
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conditions. However, the majority of the on farm training takes place in commercial practices
when veterinary surgeons are undertaking their normal work and time for teaching can be limited.
Additionally, as the student’s actions are not visible, providing effective guidance can be difficult
under any circumstances. The results from the experiment suggest that a simulator session priov o
the first farm animal placement training would be beneficial. Students would then be able to
practice the basic skills even if available help was limited and would be able to identify structures
palpated, which would make giving further instruclion easier for the supervising veterinary

surgeon.

The work also highlights the potential valuc ol ullrasonnd as a tool to help students learn the
procedure. Using the probe passively, as in the experiment, has the advantage that students do not
have to know how to use a scanner. However, there are certain limitations, particularly in relation
to the conditions on a farm. Attaching the probe securcly was time consuming and this would be
particularly impractical doring EMS althongh might be possible at university. Additionally,
although the uterus could be identified successfully using the probe, when the student was lost,
differentiating structures was often found to be difficult for the cbserving veterinary surgeon.
Therefore, ultrasound would not be particularly useful for directing the student’s movements.
However, in most cases in Group B, when the student had the hand on a structure the rescarcher
was able to make an identificalion. Theretore, the probe could be used in this way to help novices.
For more experienced students, who knew the basics, ultrasound could be used to confirm the

identification of structures palpated, which wonld be a helpful way of reinforcing knowledge.

There are certain considerations that should be made when interpreting the results in relation to
using the simulator as a teaching tool for bovine rectal palpation. 'The task assessed was finding
and identifying the utervs, and this needs to be considered in the context of the procedure as a
whole. Locating the uterus is the first fundamental step that needs 1o be mastered but the teaching
tool should also train students to perform a complete fertility assessment and perform pregnancy
diagnosis. The teaching protocol has been designed to incinde the steps for the more advanced
technigques and the associated range of virtual models have been assessed by experts as realistic
enough representations (Chapter 3), However, further work needs to be undertaken Lo determine
whether the simulator will deliver effective training in these areas. Additionally, the simulator was
used by one teacher and a trial should be wndertaken with several teachers to assess whether the
simulator is a reliable tool in the hands of others. This would help to determine the contribution of
the individval’s teaching skills in the current experiment. Another consideration is that the

simulator was used to teach only eight stndents, whereas most veterinary schools have in excess off
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one hundred students in a year. However good the results of a small trial the question remains:
‘Can the simulator be used nnder real world conditions?’ Therefore, there is a need to investigate
the feasibility of using the simulator to teach a whole year of students. The following chapter
presents work undertaken to integrate the sipulator into the curriculum at the University of

Clasgow Veterinary School.

4.5 Conclusions

A simulator has been developed that equips novice students with the skills required to (ind and
identity the uterus in the cow, which validates the simulator as a teaching tool for this aspect of the
procedure. The work represents the first time that skill transfer to the real task has been
demonstrated for a VR simulator designed specifically for a palpation skill. Students trained with
the simulator performed significantly better than those who had traditional training only and were
therefore, better prepared for the first examinations ol real cows. After simulator training, students
would be equipped with skills that would enable them to make better use of cows as a learning
resource, which is imporiant when the opportunities to practice on farms are increasingly limited.
Additionally, providing training that equips novices with skills prior to performing an invasive
procedure for the first time is likely to have benefits for animal welfare. The simulator also has
certain advantages over traditional teaching methods. The teacher can follow the student’s actions
inside the cow and therefore, have a more efleclive input into the learning process. The teaching
protocol and range of simulations provide a means by which training can be standardized, which
can be difficult 0 uchieve during EMS placements. Overall, simulator training when used
strategically in conjunction with examinations of cows has the potential to allow students (o
develop the skills reguired to perform bovine rectal palpation more efficiently than is achieved

currently,
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Chapter 5: Integrating the Simulator into a
Veterinary Curriculum

5.1 Introduction

The work presented in the previous chapters has addressed the issues of designing a simulator
specilically for training novice veterinary students and undertaking steps to validate the teaching
wol. The simulated models were rated by experts as realistic enough representations and the
tcaching protocol was considered to support the learning objectives. The next key step was to
demonstrate that simulator training equipped students with skills that were useful for the real task.
Students whose training was supplemented with a simulator session were better at finding the
uterus than a control group. However, only eight students were trained with the simulator and part
of any validation process should also involve demonstrating that using the simulator is feasiblc
under real world conditions (Neufeld and Norman 1985; Berg et «l. 2001). Therefore, a project
was undertaken 10 investigate the practicalities of using the simulator to teach a whole year of

undergraduate students at the University of Glasgow Veterinary School.

The simulator had been designed primarily to teach novice students and prepare them for the first
examinations of cows. At Glasgow, most studenis cxamine cows for the first time during farm
animal EMS placements in third year. However, when considering integrating the simulator into
the curricalum, the most feasible place in the timetable was in fourth year. Although students may
have examined some cows, they still have the majority of their clinical experience to come and
therefore, should still benefit from simulator training. Students were offered (wo sessions as part of
the hovine reproduction course, one scssion at the beginning and one towards the end of the
academic year. Feedback was gathered throughout the project using questionnaires, a focus group

and during farm visits, which helped to identify issucs that needed to be addressed.
5.2 Training Session One

5.2.1 Mcthods

The atm of the first training scssion was to equip all students with the basic skills, including
learning to find and identify the uterns. Ihe sessions were conducled by the researcher, an
experienced cattle practitioner and holder of the Royal College of Veterinary Surgeons Certilicate
in Cattle Health and Production. Each student was allocated a timetabled session on a Monday

afternoon either in Term I or at the beginning of Term 2. A set of notes was disteibuted at the
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beginning of the academic year and provided ar introduction to bovine fertility examinations and a

description of the technicques to be taught with the simulator.

The training sessions followed the saume format as used previously when training the eight novice
students in Group A (Section 4.2.3). However, in this case, each student was asked to describe
briefly his or her expericnce cxamining cows during EMS, although the same training was
delivered regardless of existing skill level. The session lasted twenty minutes during which time
the student followed the teacher’s instructions, practicing each of ihe key skills (Section 3.3), and

then performed a limited exploration on his or her own

Questionnaires were used to gather feedback on the [irst training session and were designed
following the format described for measuring learning resource outcomes by Brown et al. (1996).
The first questionnaire (Appendix 5.1) was given to students immediatcly after the session and
included an inttial section to gather information about the student’s experience examining cows
and learning bovine rectal palpation prior to the simulator training. The students were also asked (o
rate various aspects of the simulalor training, responding {o statements by qualifying their answers
on a 5 point Likert scale from ‘Strongly Agree’, ‘Agree’, ‘Neutral’, ‘Disagree’, to ‘Strongly
Disagree’, Questions were asked about ather aspecis of the training session, including the time
allocation, and sections were inclnded where students were given the opportunity to enter
comments. A sccond questionnaire (Appendix 5.3), which used a similar format, was handed out
after students had completed their next farm animal EMS to gather further feedback on the

training.

5.2.2 Results

Ninety-four of the 97 students in the fourth year attended the training session and 69 of the first
questionnaires were returned (details in Appendix 5.1). The students who responded had a wide
range of previous experience with 48% having examined only five cows or less {20% (14 students)
had never examined a cow), while 10% had already examined more than fifty cows. Of those
students who had examined cows, 87% had done so during EMS, 31% on farms at times other
than EMS and 5% at veterinary school, some students having cxamined cows in more than one
situation. When asked how they had been taught, students were presented with three options and
could indicate more than onc method, just over two thirds selected leclures and veterinary
surgeons teaching on farm, while less than half (45%) selected in vitro tracts (available as a
teaching resource in the second year anatomy course}. The students reported a range of existing
confidence levels when performing bovine rectal palpation, tending towards the lower categories,

with only two students reporting being confident. The students’ responses to statements about the
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simulator training session are shown in Table 5.1. The modal response was in the ‘Strongly Agrec’
or ‘Agree’ category for the all of the statements. All students who completed the questionnaire
considered that simulator training had been helpful for learning bovine rectal palpation. The
feedback also indicated that the simulator had helped students to develop a search strategy,
increased their knowledge of the relative pasition and the [eel of key stiuctures. Ninety-seven
percent reported increased confidence to perform bovine rectal palpation, although for pregnancy
diagnosis the categorisation was more conservative (uf the 88% reporting increased confidence
more than half selected the statement response category ‘Agree’ rather than the ‘Strongly Agree’).

Guidance from the teacher was rated as being particularly helpful.

Simulator training: N SA A N D SD
Was helpful for leaming bovine rectal palpation 54 15

Provided a uselul scarch strategy 57 12

Increased knowledge of relative position of key structures 46 23

Increased knowledge of the feel of key structures 32 34 3

Guidance was helpful during haptic training 60 | 9 B

Increascd confidence to perform bovine rectal palpation 43 24 l 1
Increased confidence to perform pregnancy diagnosis 25 36 7 1

Table 5.1: Student responses (n = 69), immediately after the first training session, to
statements relating to aspects of the simulator training. There were five response categories:
Strongly Agree (SA), Agree (A), Neutral (N}, Disagree (D) or Strongly Disagree (SD) with the

statcment.

The time allocated for training, twenty minutes, was considered to be either ‘about right’ (49%), a
‘little shoet” (49%) or ‘much too short’ (one student), none considered that the session was too
long. The speed al which the training was conducted was considered to be ‘about right’ by most
(87%) and ‘a little fast’ by a few (13%). A high proportion of students (96%) entered comments in
onc or more of the allocated sections on the first questiounaire (Appendix 5.2). Those who had
cxamined cows entered a range of negalive cominents about their experiences during EMS
indicated that this represents a less than ideal learning environment. The difficulties related to:
“you are never sure that what you’re feeling is uctually what you think it is” and “T always teel the
pressure of time” and although veterinary surgeons were willing to help, “it’s impossible for the
vel to see” and therefore, getting useful guidance could be difficult. With regard to the simulator-
based training there were repeated citations similar to “it was very helpful that the tutor knew
where your hand was and could guide vou” and that “it was vseful in establishing a method and
strategy for performing rectals” as well as “building confidence” and provided a “relaxed learning

environment”. However, some reservations related to the differences between the virtual
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environment and the cow as there were “no faeces and no contractions” the presence of which

would have increased the realism of the whole experience.

The second questionnaire, diséributed after the next farm animal EMS, was completed by 50
students (details in Appendix 5.3). The responses to statements about the effect simulator training
had on variaus aspects of performance cxamining cows are shown in fable 3.2, 'he modal
response for all categories was 10 ‘Agree’ with the statements, except for confidence to perform
pregnancy diagnosis where the modc was in the ‘Neutral’ category. Overail, although the
responses were positive the category selected was more conservative than immediately after the
simulator training. The set of statemecnts in the two questionnaires were not identical but for
similar guestion types in the firsi questionnaire a greater proportion of responses were in the
‘Strougly Agree’ category. However, the responses indicated that students still considered that
simulator training had been helpful for learning bovine rectal paipation, had improved their
abilities to orientate in the cow, to find and to identify the utcrus, increased the speed at which
structures were found and increased confidence to perform bovine rectal palpation. The simulator
truining had been less useful for locating the ovaries and had limited effect on confidence to
diagnose pregnancy. Most of the students returning the second questionmaire found the handout

notes useful (94%) and wanted to use the stmulator again (96%).

Simulator training; I sA | A N D | SD
Was helpful for learning bovine rectal palpation 16 2 5
Improved your ability to oricntate in the cow 15 33 i 1
Improved your ability to find the uterus 9 35 4 2 |
Improved your ability to identify the uterus 9 30 9 2 l
Improved your ability to locale the ovarics 4 18 15 10 3
Increascd confidence to perform bovine rectal palpation it 28 9 2
Increased confidence to perform pregnancy diagnosis 3 18 20 8 [

Table 5.2: Student responses (n = 50), having undertaken farm animal EMS after simulator
training, to statements relating to the effects of the simulator training on subscquent
performance examining cows. There were five response categories: Strongly Agree (SA),

Agree (A), Neutral (N), Disagree (D) or Strongly Disagree (SD) with the statement.

More than half the students (56%) cntered comments on the second guestionnaires (Appendix 5.4).
Recurring remarks, made by those who had never examined a cow bhefore the first training, related
to being unprepared for some aspects of the cow that were not iucluded in the simulator: “other
structures that were in the way” and “the real cow pushes your hand out” with the snggestion that
in futore “this shanld be explained to students”. Some reported that dealing with these factors had

hindered their performance and that the procedure had been more difficult than expected. The
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majority of students (86%) had not undertaken further EMS until between one and six months
aftey the training session and some comments related to having “forgotien” some of the training, A
range of positive comments related to increased confidence “in explaining where I might be to the
vet” and “to have a go”. Other benefits of the training were that “I could approach the situation in
a systematic way with a list of check points” and “the haptic cow is good for identifying
landmarks”. Many students reported they were still having difficulty locating the ovaries and a few
made comruents simifar to:  “if you were using two or more fingers” the simulation would be
better. A range of extra simulations were identified for a further training session as well as options

for a more student-centred learning experience.
5.3 Training Session Two

5.3.1 Overview

A second training session was limetabled for the summer of tourth year (Term 3), as most students
who responded indicated that they would like to use the simulator again. Before running the
second training scssions the project entered a further development phase to address issves raised
by students, which involved modifying certain paris of the teaching protocol and developing new
simulations. The design of the second sesston was based on the feedback after the first training
session (Section 5.2.2) and input from students during a focus group and farm visits (Section 5.3.2
below). The aim was that the second session would support ongoing lcarning needs and would be
customised for cach student, to accommodate the wide range of experience and skill levels.

Further feedback was gathered after the second session using a third questionnaire.

5.3.2 Methods
Focus Group

A focus group was conducted in Term 2 with eight students who had never examined a cow prior
to the tirst simulator session but had all been out on farms since. First, the students discussed some
of the physical difficulties experienced by novices when examining the real cow and the
shortcomings of the training scssion in this respect. Although the tcacher had mentioned some of
the differences between the simulator and real cow, more time needed to be taken with novice
students to prepare them more thoroughly for the first examination. The students were divided
over whether they should have been told that the procedure was difficult. Some felt they might
have been discouraged, although all agreed some preparation was necessary to enable students 10
undertake the first farm animal EMS with more realistic expectations, Similarly to the {eedback on

the sccond questionnaire, the students taking part in the focus group highlighted certain procedures
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that needed a higher prierity in future training sessions. Ovary palpation had been covered briefly
in the first session but the truining provided had not equipped students with the required skills,
Students considered that more time spent practising pregnancy diugnosis would be beneficial and
the first training had limited effect on their confidence to perform the procedure. Again, this area
had been covered in the first sesston but the simmlations were limited to carly stages of pregnancy
and students had been under the teacher's direction rather than making a diagnosis based on what
they palpated. The students alse expressed an interest in using the simulated environment to

practice problem solving with a range of scenarios representing typical on-farm fertility cases.
Farm Visits and Further Development of the Simulater

Farm visits were vndertaken with more experienced students at the end of Term 2 and dusing the
Easter vacation 1o investigate techniques stodents needed to learn and evaluate changes to the
stmulator ¢raining. The researcher cxamined cows selected by the farmer for fertility assessment or
pregnancy diagnosis and then one or two students examined each cow. The initial aim was to
investigate the technigue used o locale the ovary. After locating the uterus, the veterinary surgeon
palfpated along one of the uterine horns [rom the bifurcation to the tip and then explored close to
the tip. Sometimes students had difficulty locating both ovaries within the time allowed and the
veterinary sargeon suggested a quicker technique, which involved ‘jumping” the hand laterally
immediately after locating the uterus. While trying lo locate the ovaries, the hand is usually held
vertically and an attempt is made to pick up the ovary from the broad ligament, between the thumb
and the four fingers while sweeping from side-to-side, forward and back, between the uterus and
the pelvic wall. The next stage was to determine how 1o palpate the cyclical structures. The ovary
is mobile and therefore, hias to be stabilised first, which involves using several digits and then the

surface can be explored, often using the thumb.

On the basis of the findings, the teaching protocol and simulations were modified to teach ovary
examinations, Palpation of cyclical structures as performed in the real cow involves manipulation
of the ovary belween the fingers and the thumb and reguires more than one point of contact, which
is not possible with one PHANToM device. Palpation ol the rest of the reproductive tract had been
approximated successfully by placing the thimble of the middle finger (rather than the index
finger). However, for ovary examination a second point of contact would be required for
stabilisation or manipulation. As this was not possible in the current simulation, a decision was
made that the teacher would first demonstrate the hand positions and movements used. The student

would mimic the teacher’s actions and then use the simulator to appreciute the shape and feel of
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the ovary and any cyclical features protruding from the surface. In the simulated environment, the

ovary was artificially stabilised by fixing it to the pelvic floor.

At another farm visit, students who had been taught ovary palpation using the new approach
performed the procedure and discussed the influence of training, which was considered to be more
hetpful than the previous version. The students then performed pregnancy diagnosis on cows in the
second and third trimester, while roceiving instructions from the veterinary surgeon. The aim was
to determine in detail the search strategy and key diagnostic features identified through palpation.
The key steps involved: locating the middle uterine arteries in relation to the pelvic brim (often
described in relation to a clock face at about 4 and 8) and appreciating the buzzing pulse
associated with fremitus; tinding the uterus in the abdomen and balloting the surface to appreciate
the fluid content; palpating part of the calf; differentiating the pregnant uterus from the rumen; and
feeling cotyledons (more than two) in the wall of the uterus by sweeping the flat of the hand over

the surface (and differentiating these from the ovaries).

The findings were incorporated into the simulator training by further modifying the teaching
protocol and developing new simulations of more advanced pregnancies. The pregnant uterus
needed to be sitmated in the caudal abdomen rather than the pelvis, which required a larger
workspace. The abdomunal area was simulated by overriding the default workspace boundaries
and this enabled use of the full range of movement available with the PHANToM mechanical arm,
although there are slight distortions at the extremes in each axis. Models were created to represent:
a four month pregnancy, which could be balloted; a final tritnester pregnancy with cotyledons; and
middle uterine arteries. T'wo non-pregnant options were included: une with the vterus in the pelvis,
and the other representing a freemartin (in both cases the only abdominal structure simulated was
the rumen)}. These provided important comparisons with the pregnancies. The simulations did not

include representations of the foetus or fremitus.

A final farm visit was carried ont with students who had been trained to pecform both ovary
palpation and late pregnancy diagnosis in the revised version of simulator-based teaching tool. The
students examined a selection ol cows, some were for pre-breeding checks and others had been
dried off but had failed to calve to the expected date (although a bull ran with the cows). When the
uterus was enlarged, due to endometritis or slow involution, and was situated in the ahdomen the
students had difficulty locating the ovarics. A different approach was required, compared with
finding ovaries in the pelvic area, nsing a sweeping action with a flat hand on the abdominal wail.
In the dry cows, the students successfully diagnosed those that were in calf and, in the others, were

able (o [ind the non-pregnant uterus.
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The final stage in preparation for the sccond training session was to write a range of ‘on farm’
scenarios, in consultation with other bovine practitioners, to represent some of the connmon cases
cncountcred during typical visits to 4 datry or a beef herd. During training, the teacher would act
as the larmer, providing a fairly monosyllabic history: “PD”, “not seen her” or “she’s just not
right, you know”. The students would have to try to elicit more information from the ‘farmer’ and
then palpate a simulation of a cow representative of the scenario, The student would then make a
diagnosis, recommend a course of action and where necessary discuss treatment options. The
scenarios included some common but difficult situations students are likely to encounter shortly
after graduation, and if dealt with incorrectly. not uncommonly result in negligence claims (VDS
2004). In the simulated environment, if the student made a mistake Uie teacher would then discuss

a better way of dealing with the situation.

Second Training Session

Students were offered a twenty minute session in Term 3. These were scheduled in free periods, as
the bovine reproduction course had been completed. A form was distributed to students at the
beginning of term, which enabled them to select and prioritise the aspects of the procedure they
wished to practive (Appendix 5.5). The options included: early and late pregnancy diagnosis,
finding the uterus, finding ovaries, palpating ovarian structures, repeating the first training session.
They cowld also chuose to include practising problem solving using the on-farm scenarios as a part
of the session. The scssions were then customised according to individnal student’s learning needs.
After training, students were asked to complete a short questionnaire (Appendix 5.6) to pravide

feedback on the session.

5.3.3 Results

Fifty-four students attended the second training session and 43 questionnaires were returned. ‘the
results are shown in detail in Appendix 5.6, All students either strongly agreed or agreed that the
training had increased their confidence to perform both bovine rectal palpation and pregnancy
diagnosis, although once again with more reservation abou( the latter. The on-farm scenarios were
well reccived and were rated as a benclicial way of learning (on a response scale: Definitely
Benelicial 79%, Beneficial 21%, Neutral 0%, Not Beneficial 0%, Definitely Not Beneficial 0%).
Again many stodents entered comments on the form (Appendix 5.7) and with regard to the on-
farm scenarios the feedback was positive, including that this “made the whole learning experience
real”, “helped you think in a clinical way ... and what the consequences of your decisions and

actions would be”, “helped to put clinical knowledge and leciure info into ‘palpahle’ context™ and
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“created the ‘stress’ that a new vet will feel”. When asked whart other procedures should be taught

with the simulator, the most popular response was equine colic, followed by equine reproduction.

5.4 Discussion

The simulator was successfully integrated into the curriculum and the trial period provided an
opportunity to test, further develop and improve the teaching tool. After the training sessions, the
student [eedback was both positive and constructive indicating that students valued the simulator
training, had found the experience useful for leaming a range of skills and many of their comments
provided valuable information for areas requiring modification. Additionally, the simulator
enabled the teacher to provide instruction in the fechniques (or bovine rectal palpation to students

with a range of previous experience cxamining cows and to give feedbuck on performance.

The students were trained to develop and practice a range of skills during simulator sessions,
Stadents learned to orient themselves in the three-dimensional space inside the cow, to develop a
structured search strategy within the pelvic area and caudal abdomen, and to identify structures
through palpation. The stndent feedback on the first training session was positive both
immediately afler the scssion as well as after the next BMS, although with slightly more
reservation in the latter case. The simulator training had been helpful for feaening the basic skills,
although for more advanced procedures, such as ovary palpation and pregnancy diagnosis the
feedback highlighted the need for fugther investigation of teaching methods and for development
of more simulations. Students reported that training had increased their confidence to perform the
procedure, but this should be interpreted with some reservation as confidence is not necessarily
linked to competence. When Morgan et af. (2002) compared medical students' self-reported
confidence levels with an objective measure of skill they found that the two were not correlated.
ITowever, in the current situation, if students were more confident as a result of simulator training
then they might bc more prepared to make the most of the apportunities to examine cows on

farms, which would be beneficial.

There are several possible explanations for the more reserved feedback about the first simulator
training in the second guestionnaire, after the students iiad examined cows during EMS. The
students' comments, particolarly from those who had never examined a cow prior to the training
session, indicuted that they had not been adequately prepared for the full experience of performing
rectal palpation of cows, as the simulator did not include any representaiion of the rectumn, faeces
or peristalsis. Incorporating these physical aspects into the model would have heen difficult,

although, the addition of a preserved specimen rectum could be considered. Additionally, when the
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aim was to use the simulator to focus on learning a range of skills within the time available this
would have been more difficult to achieve if the student had spent part of the session with, for

exarple, the hand constricted by a peristaltic contraction,

Auother limitation ol the simulator relates to the single point of contact provided by the
PHANToM haptic device, where the user interacts with the virtual environment using a thimble.
Previous experience evalnating anatomical models with veterinary surgeons bad indicated that
using the middle rather than the index finger provided a better approximation for the hand and that
palpation of structures then felt more realistic. Additionally, the work has shown that even using a
single point of contact, the simulator equipped students with usefvol skills (Chapter 4). However,
exanmining ovaries involves manipulating the avary between the fingers and thumb, which cannot
be represented. In the future, devices that provide high fidelity 3D feedback to each digit and the
hand will becomc availablc and these would provide 4 morc complete interaction and
representation of the tasks. Until then, compromises need to be adopted to represent certain aspects
of ovary examination, particularly grasping and manipulating the structure, and using alternatives,

including physical models, will be necessary.

The interval between training and the next EMS was in most cases several months and this may
have contributed 1o the reduction in the perceived effect of the teaching as some skills may have
been forgotten during this perind. In an ideal situation the simulator training would be timetabled
immediately prior to the real cxaminations but there would be practical limitation associated with
organising this for all students, Additionally, during simulator training, the teacher was present
throughout the session specifically to provide instruction and feedback, Whereas in (he on-farm
situation, due to practical considerations and the diffienlties providing instructions when the
veterinary surgeon cannotl see the student’s hand inside the cow, the teaching can be both limited

and variable.

The second training scssions were customised to the individual's learning needs. This enabled
each student to focus on the areas that were considered to be the most important and the training
could progress at a pace appropriate to the stndent’s learning speed. The on-larm scenarios,
included in these sessions, were well received by students and rated as a valuable way of learning.
‘The students had the opportunity to act as the clinician solving typical problems including cases
that represented examples of common but difficult sitnations a new graduate will encounter. The
simulator represents a safe environment, if the student makes 4 mistake there are no consequences
for the cow, the farmer, the new graduate or the veterinary practice. In these cases, the teacher and

student would then discuss alternative ways of dealing with the situation. The on-farm scenarios



required the studenls 1o practice integration of knowledge: anatomy of reproductive, pelvic and
abdominal structures; physiology of the oestrus cycle; and pharmacology, selecting the drugs to
treat the disease condition or manipulate reproduction. The second sessions were offered in the
students’ free time due to course restrictions, which proved more difficult to organise and, in spite
of a high proportion of students indicating that they would like to use the simulator again the

attendance rate for the second session was lower than the first.

Establishing the educational value on any new resource integrated into a veterinary undergraduatc
curriculum is important as such cowurses tend tawards volume overload (Bushby 1994), Therefore,
the inclosion of additional teaching malerial necds to be both justifiable and practical as other
components may have to be sacrificed, if not from the curriculum then from the students’ own
study time. The work presented in Chapter 4 showed that simulator training had a beneficial effect
on skill development and the current work has demonstrated that integrating the simulator into the
curriculum was feasible. However, before a veterinary school made a decision to use this
technology there are other factors to consider, particularly in relation to the resowrces required,
Haptic devices are expensive although cheaper versions arc emerging. The teaching sessions
involve one-to-one tuition, which is also costly in both the teacher’s time and dedication.
Therefore, there is a nced to optimise the simulator use with carcful consideration of both the
structure of the sessions and the timetabling within the curriculum. The student feedback indicated
that customising the training for the individnal’s learning needs would be an etficient way of vsing
the simulator. Certain aspects of the procedure could be covered in handouts, including an
explanation of the differences between the simulator and the reat cow with some instruction on
how to deal with this, allowing the one-to-one sesstons to focus on palpation of the virtual cows,
All sessions should include an element of role-playing using the on-farm scenarios to allow
students to practice dealing with typical clinical cases, making and thinking about the
consequences of decisions. The sessions would be integrated into the curriculum titoetable, rather
than during free time for ease of planning and to facilitate attendance. Further training sessions, for
students having problems or those interested in further developing their skills for facm animal
wark couid be offered in a more flexible way depending on demand. There is a case for providing
basic training prior to the first real cow examination and then all subsequent examinations would

build on the skills developed with the simulatar,

The simulator training has been delivered by one teacher throughout the project and therefore,
there arc factors to consider relating to the validation and to the use of the simulalor in a resl world

situation. First, there is an issue as to whether the resnlts would be repeated with other teachers
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and also, as the iraining relics on one-to-one teaching the cosis in time and money may not be
snstainable. As a potential solution, a prototype automated version has been developed with
computer guidance replacing the teacher’s rola. The work to develop and evaluate the new version

is presented in the next chapter.

5.5 Conclusions

The trial integration into the curriculum was successful both for providing training for bovine
rectal palpation within the curricnlum and gathering feedback, which helped o improve the design
of the simulator as a teaching tool. The simulator has certuin limitations with regard to the
difficulties representing some of the physical aspects of the real cow but does provide a useful
supplement to traditional training methods. The teacher is able to have an effective input into the
learning process ol a procedure that is at the moment, to some extent, self-tanght. As opportunitics
to gain expertence on farms have become increasingly limited in recent years, equipping students
with at least the basic skills using the simulator will enable them to learn more from the cows they

do get to examine,

The current work demonstrated that the use of the simulator in a curriculum was feasible,
establishing another of the criteria defined by Nenfeld and Norman (1985). The simulalor
continues to be used at the University of Glasgow Veterinary School. Fourth year students are
offered one timetabled thirty minute session as part of the bovine reproduction course. At the
beginning of the session, students are askad abont their level of experience and the arcas on which
they particularly wish to focus. Then the teacher nses the simulator to train all students in the basic
procedures: finding and identifying the pefvic landmarks and the uterus. For novice students, these
are the key learning objectives. For students with more experience, the basic training serves two
purposes: the student becomes familiar with the haptic device and simulated environment; the
teacher can assess the student’s strengths and weaknesses. These studenis are also given the
opportunity to practice performing more complete fertility examinations including finding ovaries
and paipating cyclical structures. All students are given the opportunity to practice some of the on-
farm scenarios, as previous feedback had indicated that this was a particularly nsetul way to use
the simulator. If time allows, students are taught to perform early pregnancy diagnosis,
differentiating between the two uterine horns on the key properties of size and fluid content (or
firmness). This was considered useful because these basic skills are important for palpation-based
procedures in many species including, [or cxample: appreciating a joint effusion; determining
tump types (e.g. preliminary differentiation between a lipoma, cyst or carcinoma); assessing the

pressure of a bladder (fullness); detecting a gastro-intestinal foreign body, to name but a few,
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Additionally, relating palpation skills taught with the hovine simulator to clinical situations in
other species helps to engage students who intend to do companion animal work in the learning
experience. Attendance for the years 2004/5 and 2005/6 has been high, 97% in each case,

supporting the ongoing inclusion of the training in the course and the value of the simulator as

perceived by students.
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Chapter 6: Development and Evaluation of an
Automated Version of the Simulator

6.1 Introduction

In the preceding chapters, work has been presented that describes the development and validation
of a simulator for training veterinary students to perform bovine rectal palpation. The key steps in
the validation of a simulator used as a teaching tool for a clinical procedure have been undertaken
and the work demonstrated that: the simulated environment was realistic enough; students were
equipped with skills thai transferred to the real tagk; and integrating the teaching tool into a

curriculnm was feasible,

Another point to consider is the simulator’s reliability with regard to delivering consistent results
for a range of learners and with different teachers. Many students have now been trained with the
simulator and the benefits for skill development have heen demonstrated as well as students
providing positive feedback on the learning experience. However, all the teaching was conducted
by one individual, the researcher, which standardiscd teacher factors for the experimental work but
raises certain issues. The reltability and usability ol the simulator as a teaching tool is imtested in
the bands of others. Additionally, some of the benefits of training may have related specifically to
the researcher’s abilities us a teacher and, are a consideration when interpreting the efficacy of the
simulator. These issues could be addressed by training several members of staff to deliver some of
the ongoing sessions timetabled as part of the bovine reproduction course and then, compare
student skill development between instructors. Ideally, subsequent performance should be assessed
during the real task, as in Chapter 4, but this would involve a large number of farm visits,
requiring considerable time and resources. An easier option would be te ask students to give
feedback on the effects simulator training had on their performance but self-reporting can be
unreliable. There is aiso the issue of standardisation of pre-training experience as, for the fourth
year students (currently receiving simulator training as part of the curriculum), this would be quite
variable. In the previous work, when measuring skill transfer to the real task, only novice students

were used, which removed existing skili as a confounding factor.

An alternative approach would be o remove the teacher from the training environment altogether
by developing an automated version of the simulator, which students could use on their own. This
would also address another issuc: one-to-one teaching is expensive in time, effort and money, and

an automated version would be cheaper. Additionally, if the simulator were available in a clinical
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skills laboratory students could practice in their own time. Training would be more flexible in
relation te learning needs, for example, using the simulator prior to farm visits and to address

specific skill deficiencies.

In the following scctions, the design of a prototype automatcd version of the simulator is
described, followed by an experiment to measure skill development by investigating students’
subseqguent performance examining cows. The resnlts are discussed and compared with the
previous work, which evaluated the teacher-led version, and the relative merits of the two
approaches are considered. All the validation work is then discussed in the context of Neufeld and
Norman’s guidelines for computer simulators used in clinical training (Neufeld and Norman

1985).
6.2 Development of the Automated Version

6.2.1 Design Issues

The aim was to design an automated version of the simulator that students could use on their own,
rather than requiring the presence of a teacher. First, there were various design decisions to be
made. If students were given access to the simulations used by the teacher in the existing version,
but withount any instruction, it is likely that the benetfits would be limited. Others have found that
using simulators without adequate instruction fails to support skill development (Smeak ef al.
1994). Therefore, a degree of guidance needs to be provided and this should include the key
contributions that a teacher is able to make when using a simulator, compared with the situation on
farns. When a student explores inside the virtval cow, the teacher can follow the hand movements.
This enables the teacher to instruct the student to develop a search strategy to find the key
landmarks. Additionally, when the stodent palpates an anatomical structure, the teacher can
confirm the identification of the object and make the student aware of the distinguishing
characteristics including: shape, size, position and feel (softness, firmness). Therefore, the
automated version needs to provide instructions and fecdback, the teacher’s roles, through some

form of computer-based guidance.

There are various ways in which computers can provide information and feedback to users. The
most common means is through the graphic display and students cowld watch their hand
movements on the computer monitor while palpating the virtnal cow with the haptic device.
However, students need to learn to develop search strategies and without instruction, novices do
not know how to proceed. Therefore, the automated version will need to include some guidance

with regard to the correct sequence of movements. Graphic traces of hand movements have been
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recorded using the BOPS simulation (Crossan 2004) aud this functionality was used Lo assess the
quality of a range ol examinations. For teaching purposes, an expert’s examination could be
recorded and then used as a visual path for the student to foliow. However, with the current set up,
the graphics are not superimposed on the actual location of the objects palpated but are displaced,
as the monitor is on the desk (see Figure 4.2). This can be confusing and students would have to
learn how to relate the images on the monitor to the virtual models they were palpating inside the
fibreglass cow. There is a system that provides collocated graphics, the Reachin API (Reachin
20043, using a semi-transparent mirror. If a hole were cut in the top of the fibreglass cow the visual
display could be positioned such that the hand moving within the physical model would appear to
be superimposed on the virtual representations. The development environment used to create the
Haptic Cow does not include this functionality and as the real task is unsighted and students will
need to perform examinations without visual cues, a decision was made to explore other ways of

providing guidance.

Another common way of supporting human computer interactions is through the auditory channel.
A simulated voice could be used 10 replace the teacher’s role by providing instructions about how
each part of the procedure is performed. For example: “To find the cervix sweep your hand from

17

side to side across the pelvic floor...” and so on. Audio cues coutd also be used to provide
inlorimation about objects in the scene, including the identification and a description of the haptic
properties. The student would receive an instruction and respond with a hand movement, on
completion of which the new position or structure palpated would be described. The next step
would then be taken: audio instruction, stndent moves hund, further information. However, there
are several problems associated with this approach. The sequence of instructions and movements
nmust correspond and there wonld need fo be some mechanism to deal with the sitvation when the
student’s exploration did not match the expected path. Also the student’s actions and the audio
instruction might prove difficult to synchronise as movements are rapid and the audio descriptions

are relatively slow.

A potential solution would be to provide haptic guidance in addition to the audio instructions, This
would involve using the haptic device to guide the user physically along a set path instead of
aflowing free movement within the scene. This functionality bas been developed for the
PHANToM using a playback algorithm where the device motors move the user’s hand along a
pre-recorded path, a ‘bead pathway’, and was vsed to guide limb movements as part of
rehabilitation therapy for stroke paticnts (Amirabdollahian et al. 2002). A more recent version

includes a control system to increase stability and is available as an open source library [or vse
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with a range of haptic devices (Crossan et af. 2006). [aptic guidance has been used io help
subjects lecarn three-dimensional movements (Feygin ef af. 2002). The user’s band was woved
along a path by the haptic device and, when measuring subscquent performance recalling the task,
the haptic guidance was found to have had beneficial effects. There are also examples of haptic
guidance used in medical simulations, where the trainee is guided along the path of an expert’s
examination. This fcature is include in the Virtval Haptic Buck project (Williams et al. 2004)
where the PITANToM motors move the trainee’s hand along the path of an expert’s cxamination.
After the initial haptically guided phase, the trainee was then allowed to explore freely and tried to
repeat the examination. Apother approach, featured in an epidural injection simalalion, was ta use

force feedback to keep the needle on the correct path by resisting deviations (Dang et af, 20011).

6.2.2 Development of a Prototype

When developing the automated version of the bovine simulator, a decision was made that
compuler assistance would be provided by using a combination of haptic guidance, to teach the
student the correct movement pattern and audio cues, to replace the teacher’s instructions. There
would be no visval representation of the scene; the student would not see the monitor aud the
PHANToM would be inside the fibreglass cow. A prototype was developed, which novice
students could use to learn some of the basic skills including finding the pelvic landmarks and the
utcrus in different positions. First, the student learned each procedure as the PHANToM device
moved the hand along the path of an expert’s examination. Each sicp was accompanied by audio
instructions. The student then explored the virtual environment on his or her own. During this

phase, some feedback would be useful and therefore, access to audio information was provided.

The simulated environment consisted of some of the anatomical models that had been used in the
previous work. The haptic guidance functionality was delivered vsing the software libraries
developed by Crossan er al. (2006). The first stage in the development was to use the PFIANToM
ta record an expert (the researcher) performing the cxploratory procedures in the virtwal
environment. Each procedure was then divided into small steps and cach step was accompanied by
an audio instruction written using text-to-speech technology (Microsoft Speech SDK 2005) and
delivered by a simulated vnice. When students undettook simulator training, before each step an
audio instruction would play describing what was about to happen. Then the haptic device
executed the step, moving the student’s hand down, sideways, forward or over an object. This was
followed by a further piece of audio, giving informiation about the new location or structure

palpated. For example:
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Step ‘n’
¢ Audio: “Your hand will be moved down (o the pelvic floor”
e Haptic device: Moves hand down to floor
* Andio: “You are now palpating the pelvic floos™
Step ‘n + 1’
¢ Audio: “Your hand will be moved....”
s Haptic device: Moves hand. ..
s Andio: “Yon are now palpating. .. And soon...

After completing the haptically-guided section of the training, the student was allowed to explore
the virtual environment freely. The PHANToM device, used in the current work, provides
different types of information and feedback depending on whether the user’s role is passive (when
being guided by the haptic device) or active (when exploring freely). When the device moves a
uset’s hand along a path, directing a passive expforation, only positional information is available.
The trainee can learn the Kinaesthetic components of the procedure, the movements that, when
combined, represent a search strategy. In addition, the trainee will gain information about the
location, shape and size of objects. When used in this way, the PHANToM does not relay
information about the firmness of an object. However, when a user explores freely, performing an
active exploration, all object properties including the feel (sottness or firmness) are relayed via the
PHANToM. In the second section of the training, students could spend as much time as they liked
cxploring freely, repeating the procedures, which would enhance learning. If lost or requiring
guidance, the student could press a help key and the structure palpated would be identified by a
simulated voice. These audio cues also emphasised the haptic properties of each object that needed

ta be learned as the basis for the recognition of the same structures in the real cow.

The prototype of the automated version of the bovine simnlator consisted of two virtual
environments. The [irst, a relatively simple simalation, was used at the beginning ol the training
session to enable the student to become familiar with the haptic device and the training
environment. The student’s hand was moved around following a pre-recorded route inside a virtaal
box, which had a cylinder in the middle of the floor. The student then explored the box without
haptic guidance and practiced pressing a key to identify the object palpated: the cylinder, the box
floor, the right wall, and so on. Keys were also used to enable the student to progress through the
program; ‘Start’ for the haptically-guided section, ‘Free’ (to explore) for the self-guided
exploration, ‘Help’ to identify objects, and ‘End’ to finish the program. At the beginning of each
section, there was a brief verbal introduction. Additionally, when about to embark on the sclf-

guided exploration, students were prompted to practice executing search strategies and identifying
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objects on the basis of their haptic properties: shape, size and fecl. The initial simple simulation
ran for about five minutes, depending on how long the student chosc to explore frecly. The sccond
part of the training involved learning skills specifically for bovine rectal palpation and lasted about
twenty minutes. The student’s hand was maoved along the path of the expert’s examination. During
this part of the training, students learned to {ind and identify the petvic landmarks, the cervix and
the uterus when positioned in the pelvis or in the abdomen. At the end of the program, a piece of
text played that reiterated the key steps undertaken to perform the procedures. Additionally, some
of the differences belween the simulated environment and the real cow were explained, as in the
past novices had indicated that some information should be provided by way of preparation. More
advanced procedures, including pregnancy diagnosis and ovary palpation, were not inciuded in

this first version of the prototype.
6.3 Evaluation of the Automated Version

6.3.1 Experimental Design

An cxperiment was conducted to assess whether training using the automated version equipped
novice students with skills that transferred to the real task. The experimental protocol was similar
to thal used in the previous experiment to cvaluate teacher-led simulator training (detailed in
Chapter 4). The participants were all third year veterinary student volunteers wha had never
performed rectal palpation of a cow or horse. Sixteen students were randomly selected (using the
random function in Microsoft Excel) and allocated to two groups, C, simulator trained, and D,

traditional training ouly. There were five female and three male students in each group.

The students in Group C nadertook a training scssion using the awlomated version of the
simulatar. Before starting the training, the researcher explained how to use the PHANToM. The
students were also given a sheet that summarised the scasion and described the function of each of
the keys: to start, advance or end the program and uccess help (Appendix 6.1). Each student
completed the two sections to the training, first inside a simple virtual box and then inside the
virtual cow. As stated above, initially the device would move the hand around and then the student

would be free to explore,

The subscquent performance of the students was assessed when examining cows for the first time
and compared with the other group, traditionally trained only. A pair of students, one from Group
C and one from Group 1, accompanied the researcher on a farm visit. The students examined four
non-pregnant cows (the same four cows tor both students) and were set the task of finding the

uterus during a five minute examination. As before, an vltrasound probe was taped to the palm of
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the hand and the images were used to verify that the uterus had been identified correctly. The
vlirasound was recorded with a video and was assessed subsequently by another veterinary

surgeon, who was blinded to the student identification and training method.

At the end of the experiment, the students in Group C filled out a questionnaire (Appendix 6.2).
The aim was to gather information about the users’ experiences with the simulator and the effects
of the training on their subsequent perlormance examining cows. The students were asked to
respond to statements by qualifying their answers on a 5 point Likert scale from ‘Strongly Agree’,
‘Agree’, ‘Neutral’, ‘Disagree’, to “Strongly Disagree’. Students were also given the opportunity to
enter comments in several sections. As the antomated version of the simulator was a prototype, the
feedback would be useful when making improvements and considering further development

options.

6.3.2 Hypotheses
Hypothesis 1

Group C (simulator trained) would be no more able to find the uterus when examining cows for
the first timse than Group D (traditional training only). The performance measvre was the number
of successful uterus identifications, verified by ultrasound and the description of position and size.
‘The dependent variable was the ability o find the uterns. The independent variable was the type of

training.

Hypothesis 2

Grounp C would be no faster at finding the uterus in real cows than Group D. The dependent
variable was the time taken to locate the uterus. The independent variable was the type of training.
Hypothesis 3

Group C (automated version) would be no more able to find the uterns when examining cows for
the first time than Group A (tcacher-led version). The performance measure was the number of
successful uterus identification, verified by ultrasound and the description of position and size.
The dependent variable was the ability to find the uterus. The independent variable was the version

of the simulator.

6.4 Results

All students completed examinations of four cows, none of the cows neceded ta be withdrawn
during the experiment for welfare or other rcasons. The ulerns identification rates for the two

groups are shown in Table 6.1. Of the eight stadents in Group C (simulator trained), seven found
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the uterus in at least one of the four cows compared with two students in Group 13 (traditional
training only). Group C found the uterus in twelve of a possible thirty-two cows while Group D
found the nterus in only two cows. These findings were verified by the ultrasound and the
descriptions of the position and size of the uterns were all similar to those made by the veterinary
surgeon, There were four other instances when students in Group C indicated finding the uterus
but these were not verified by ultrasound for various reasons: air under the probe; probe maved
(une case: rotated, one case: slipped backwards); student (nmmber seven) indicated finding the
uterus with the fingers but lost the position when moving forward to provide an ultrasound image
{which was necessary because the prohe was on the palm of the hand). In these cases, the students’
descriptions of the vterus were accurate (except student number seven, who was unable to make a
full description) but without independent verification based on ultrasound none of these values
were included in the final analysis. Stadents in Group D reported tinding the ulerus in seven cases
but in all but two, the identification was incorrect. Using the ultrasound and / or the descriptions of

the size and position, the structures were identified as the ramen, the bladder or the cervix.

Student identification Structure identificd Ultrasound verified
rates: (from student description of size identification rates:
‘nterus found / 4 cows’ & position +/- ultrasound) ‘uterus found / 4 cows’ |
Pair | GroupC | Group D Group C Group D GroupC | Group D
1 2 2 Uterus x 2 Rumen x 2 2 0
2 1 0 Uterus x 1 1 0
3 2 1 Uterus x 2 Uterus 2 1
4 3 0 Uterus x 3 2 0
5 3 2 Utcrus x 2 bladder, uterus 2 1
6 2 1 Uterus x 2 Cervix 1 0
7 3 1 {17 Uterus x 2 Cervix 2 0
8 0 0 0 0
Total 16 7 12/32 2/32

Table 6.1 Uterus identification rates per four cows for the cight pairs of students. The 2"
and 3" columns are the rates reported by the students. The 4" and 5" columns in the centre
of the table are the structures identified based on the student’s description and / or
ultrasound images. The 6" and 7" columns (in bold) are the identification rates verified

independently using the ultrasound.

The results for the performance of the two groups were analysed using McNemar's test (Petrie and
Watson 1099). The test was used to assess whether the proportions of successes of the two groups
were equal and to acconnt for matching: same {our cows examined by each pair of students (dula
in Table 6.2). The proportions were significantly dilferent (p < 0.01), indicating that Group C were

better at finding the uterus than Group D.
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Group D success | Group D failure | Total ne. pairs
Group C success | ) 11 12
Group C failure 1 19 20
Total no, pairs 2 30 32

Table 6.2. Results for the two groups in a format lor McNamnar’s test. The table shows the
frequency of the four types of pair for the two outcomes: success finding the utcrus, failure

to find the uterus in the 5 minute examination.

The number of successes finding the uterus, in relation to the order in which the cows were
examined for the students in Group C, were 2/8 in the first, 3/8 in the second, 4/8 in the third, and
3/8 in the fourth cow. As with the previous experiment (results for Group A), the success rate in
the first is less than all the subsequent examinations, but with such a small number of observations
no analysts was undertaken. The two successes in Group D were in one of the third and one of the

fourth cows examined.

The time taken to find the uterus was recorded and the results are shown in Appendix 6.4. The
times [or the students in Group C ranged from 47 to 270 seconds (12 obscrvations, mean 133.4
seconds, standard deviation 79.4). The two values for Group D were 121 and 282 seconds.
However, as in the previous experiment, with so few values in the traditional trained group (D) for
comparison, a statistical analysis to investigate differences belween the two groups, with regard to

the rate at which the task was completed, was not performed.

The performance (ability (o find the ulerus) for the students trained with the automated version,
Group C, was compared with the students who had been trained in the previous cxperiment by a
teacher using the simulator, Group A (Scetion 4.3). The resulls for the uterus identification rates,
verified by ultrasound, are shown in Table 6.3. Group A were more successtul, finding the uterus
in eighteen of a possible thirty-two cows (56.3%) compared with twelve (37.5%) for Group C, a
difference of nearly twenty percent. The results were analyscd vsing a Chi squared test. There was

no significant difference in the performance of the two groups (p = 0.20).

Group A Group C Total
(teacher-led) (automated version) ¢
Uterus found o 18 12 30
Uterus not found 14 20 34
Total cows examined 32 i 32 64
Percentage success rale 56.3% 37.5%

Table 6.3, The uterus identification rates, ultrasound verified, for the two simulator-trained

groups: Group A, teacher-led, and Group C, automated version.
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All the students in Grovp C completed a questionnaire afier the experiment to provide feedback on
their experiences using the simulator. As the automated version was a prolotype, information from
the first group of users would be useful for future developments. The responses are detailed and
presented graphicatly in Appendix 6.2. Students found the simulator easy to use, had no difficulty
working through the training session using the keys, were not confused by the haptic device
moving their hand around and considercd the prelimimary short training simulation (o be
necessary. The level of andio input wus about right but students were divided over whether the
best option would be to use a recording of @ human voice rather than the simulated voice, or
perhaps a mixture ol the two. Only one student considered that seeing the hand moving inside the
cow on the computer monitor would have been better, the rest were not in favour of this option.
All students reported finding the part of the training where they explored on their own useful. All
cxcept one siudent wsed the ‘Help’ key at this stage and most of them rated this function as
valvable. When asked about the effects of simulator training on tearning skills for the real task,
including finding and identilying key structures, the responses were in the ‘Strongly Agree' or
‘Agree’ categories, from all or the majority of students, for each statement. All the students
entered comments on the questionnaire and these are detailed in Appendix 6.3. 'The students
mentioned other objects that should be included in future versions: the rumen, the bladder and
other representations of the uterus. Additional instructions about “how far to go into the real cow™
would be helpful. In the general comments section, the simulator training was repeatedly referred
to as “helpful” and “nseful”. All students selected *Strongly Agree’ in response to a statement
asking whether they thought that the sirmulator would be used if available in a clinical skills

laboratory.
6.5 Discassion

6.5.1 Automated Version

The aim of the work presented in this chapter was to develop an antomated version of the
simulator that stedents could asc on their own. The computer needed to take over the teacher’s
roles providing instructions, guidance and feedback. A decision was made to use a combination of
baptic guidance, with the PHANToM device moving the trainee’s hand along the path of an
expert’'s cxawmination, and audiv instructions, to replace the teacher’s voice. Light students
underwenl trainiug with a prototype automated version, which incladed training environments
designed to equip students with the skills to find and identify the pelvic landmarks and the uterus.
These are the first skills that students need to master when learning to perform bovine rectal

palpation. The efficacy of this version of the simulator was determined by measuring skill transfer
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to the real task and the results were also compared with previous findings using the teacher-led
version, Additionally, feedback was gathered from students on their experiences using the

simulator.

Hypothesis | stated that the group trained with the automated version of the simulator, Group C,
would be no better at finding and identifying the uterus than the group who had traditional training
only, Group D. This hypothesis is rejected as the sinmlator trained students were significantly
better at finding the uterus when examining cows for the first time than the other group. The
automated version had provided a training environment that students could use on their own to

[earn the skills for this task.

Hypothesis 2 stated that therc would be no difference in the time taken to complete the gask
between the two groups. However, as Group D only made two successful identitications of the
uterus (of a possible thirty-two) in comparison with the twelve successes of Group C, this
hypothests was not tested. If given morc time, there might have been more successes for both

groups but a maximurn of five minutes per cow was set in the interest of animal welfarc.

A comparison was then made beiween the two groups of students who had received simulator
traising: Group A, teacher-ted and Group C, automated version. Hypothesis 3 stated that there
would be no difference between the two groups when measuring their subscquent performance
finding the uterus in cows. The analysis supported this hypothesis, which indicales (hat the
automated version provided as effective a means of equipping the students with the skills to find
and identify the uterus as when a teacher used the simulator to deliver the training. However, there
was a difference of nearly twenty percent between the (wo groups, the teacher-led group being
better than those trained with the antomated version. The group size was sct ta cvaluate the effects
of simulator training when compared with traditional training, not specifically to compare the two
different versions of the simulator. The results found that there was no significant difference but

further analysis should be considered with larger numbers of stadents.

When students examined cows on the farm, in both of the cxperiments a pair of students, one from
each group, examined the same four cows. This was because cows vary both with regard (o the
ease of locating and identifying the uterus and the difficulties of performing the examination.
Therefore, the differences were matched when comparing the performance of simulator trained
students with traditional trained students. However, (his was not the case when comparing between
simulator versions, Groups A and C, as the students examined different cows. "I'his could have had

an effect on the performance levels achieved and therefore, the interpretation. The differences
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between the cows would have particularly affected the time taken to perform the task and
therefore, the times for Groups A and C were not analysed. If the two training methods were to be
compazed Toxrther and the speed of the examination investigated, cach pair of studenls, one trained
on the simulator by the teacher and one using the antomated version, should examine the same

COwWS.

A questionnaire was used to gather feedback {rom the students on (heir experiences using the
automated version of the simulator. The simulator had been shown to be effective for equipping
students with the skills to locate the uterus but, in the future, would need further development to
include training for a wider range of skills. Feedback from users is an important part of the
development process and would help identify usability issues, support or refute design decisions,
and highlight areas that needed modification. The siudents’ responses indicated that the simulator
was easy to use and they favoured haptic guidance and audic cues without visual information on a
monitor as the means of providing the training. However, there are certain modifications that could
be considered. The instructions were delivered using a stmulated voice, which is monotimous.
Another option waould be to use a pre-recorded human voice either throughout or in parts, perhaps
to emphasise certain points. The initial design used a simulated voice, created using text-to-speech
teckinology, because editing was easy whercas a human voice would have had to be re-recorded.
‘t'he students did not favour graphic guidance, and an argument could be made for the exclusion of
graphic cues when the real task is unsighted. Ilowever, collocated graphics, where the student
would see the hand moving aver the simulated objects in situ, could be included in a future

development and the effects of visnal information on learning could be investigated.

The stadents also suggested making certain modifications to the simulated environment. The
automated version only included representations of the pelvic landmarks and iwo cxamples of the
uterus. When examining cows, other structures may be palpated including the rumen and the
bladder, which could be confused with the uterus initially and, although there were verbal
references to these objects, students suggested virtual models should be included as well, The size,
position and fecl of the uterus vary considerably belween cows and the students suggested that
more examples would have been helpful. Also more instruction or emphasis was needed on how
far to advance the hand imto the cow. There is considerable variation between cows in the position
of even basic landmarks, including the pelvic brim, and therefore, absolute distances are not
particularly useful. When the students were examining cows on the farm, the researcher noticed
that, when unsure of how to proceed, students often tended to advance too far into the cow. One of

the students in Group C failed to find the uterus in any of the four cows examined, being too far
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forward in each case. When the teacher was present using the simulator, students were oflen
observed to keep moving forward when lost. The teacher would point out that under thesc
circumstances the pelvic brim should be located as this was a uscful tandmark and should be used
to work out whether to move forward or backwards to find the uterus. The antomated version

needs to include more emphasis on this pointin the fuiure.

There are likely to be other benefits of having a teacher present, not least of which is that for many
people the most memorable paris of their education have been related to the ways certain
individuals have been able to teach. The automated version had the advamage of being developed
after the full evalnation of the teacher-led version. Therefore, the design had included some of the
findings from the previous work, for example, not forgetting to emphasise some of the physical
differences between the simulator and the real cow, When a teacher is present, the training can be
adapted 1o the individual's learning needs, and althongh when using the automated version
stuclents could choose to practice exploring as frequently as they considered necessary, the learner
is less able than a teacher to direct practice to the required areas. Additionally, the tcacher-led
sessions were more dynamic as the instructor could intercede and coirect mistakes, providing
formative assessment, which is an important part of the learning process. The teacher-led sessions
also included ‘on farm’ scenarios, which were popular and considered to be a beueficial way of
learning. If possible, these should be included in an automated version ailthough this would involve
addressing the challenging design issucs of supporting a dialogue between the student and the

compuler, the latter taking on the role of the farmer.

The work undertaken to develop and evaluate an auvtomated version has demonstrated thal the
simulator could be modified for stodents to use without a teacher. Additionally, the students were
able to use the training tool to learn skills that were useful for examining cows. There are several
advantages of an automated version inclikling reducing the costs of the training package as a
whole by removing the expense of one-to-one teaching. Also, the aniomated version would be a
more accessible to students, as use of the simulator would not be restricted to the times when «
teacher was available. The version evaluated in this chapter was a prototype, developed to explore
the potential of providing automated training, and only included relatively simple simulations. I'le
student leedback and experimental results were encouraging and (herefore, indicate that further

development would be worthwhile.
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6.5.2 Validation of the Simulator

The work prescnted thus far has addressed the chalienges of developing and validuting a simulator,
the Haptic Cow, for teaching veterinary students to perform bovine rectal palpation using haptic
technology. The initial aim was to design a teaching tool that would equip novice students with the
required skills and enable the teacher to have a more effective input into the student’s lcarning
process. The virtual models needed to be realistic enough that on the basis of the way an
anatomical structure felt in the simalator, students would be able to recognize the same structure in
the cow. An expert’s knowledge was used as the basis for the feel of each structure, in a highly
iterative design process, together with input by other veterinary surgeons. The teaching and
learning needs were determined after considering the views of both veterivary surgeons, as experts
and teachers, and students, as learners. A teaching protocol was designed with a structured series
ot levels and steps (determined vsing a task analysis), which provided the teacher with a format lo
use during training sessions. The teacher could follow the student’s actions inside the cow on the

computer menitor and therefore, provide guidance and feedback on performance.

An important pa:t of simalator development is validation and this should be undertaken before the
simulator is recommended for widespread use. Validation involves measuring certain criteria that
establish whether the tool is designed correctly and is etfective for the specified task (Nenfeld and
Norman 1985; Berg et al. 2001). I the simulator is used as a training tool, validation involves
demonstrating (hat the simulator equips students with the required skills. If the simulator does not
provide the skills, students remain untraincd and in (he warst case scenario, if learning
inappropriate skills, the patients, animal or human, may be put at risk. Simulators are aiso used to
provide objective assessment of skill and, in these cases validation involves establishing the
credibility of the device as a measuring tool. Whatever the simulator’s function, the first step in
validation involves demonstrating that the simulation created is realistic enough (face validity).
Then the simulator must be shown to include the component steps of the task being represented
(content validity) and ic perform in a reliable way in dilferent situations. The simulator can be
evaluated with regard to the measurement of skills, including demonstrating that when different
operators use the simulator their existing skill levels can be differentialed, cxperts performing
better less experienced individuals (construct validity). Measurements should correspond to those
using other methods {concurrent validity) and skills developed or measured on the simulator
shouid predict subsequent performance (predictive validity). Ultimately, for simulators used as
teaching tools, validation should include demonstrating that training has cquipped students with

skills that transfer to the real task. There are practical issues to address as well, including




demonstrating that simulator vse would be feasible under real world conditions within, for

example, any limitations of resources and the constraints of a curriculum.

In the case of the Haptic Cow, the simmlalor was designed as a teaching tool for training novice
veterinary students to palpate the reproductive organs of cows, and the research work addressed
the validation criteria relevant to this application. A realistic enough virtual environment has been
created (Face validity), as determined by experts. The design of the teaching protocol was
considered to support the component steps required to achieve the learning needs {content
validity). These are iimportant steps that should be undertaken before considering further work. Jn
previous studies, with other virtual reality palpation simulators, the failure to validate the simulator
by demonstrating one or more of Neufeld and Norman’s criteria was considered o be due to a lack
of realism of the virtmal environment. This was the case for both a prostate simulator, where
cxperts failed to outperform novices (Burdea et al. 1999), and similarly for HODPS {Crossan et al.
2001). and in both cases face validity had not been established. Additionally, with hoth these
simulators, when assessing skill development the reseurchers hWad used cither the virtnal
environment (Burdea ef al. 1999) or post moriem spectmens (Crossan et al. 2003) rather than real

patients: the ultimate test.

After establishing Neufeld and Norman’s criteria that indicated that the design of the Haptic Cow
was sound, work was undertaken o investigate whether simulator training equipped novice
students with skills that were useful when examining cows for the first time. An experiment was
conducted to compare the performance of two groups of eight students who had never performed
rectal palpation of 4 cow or horse. One group received only the traditional training, while the other
group’s training was supplemented with a simulator session with a teacher. The students were then
sel the task of finding and identifying the uterns when subsequently examining cows for the first
time. Ultrasonnd images were used to identify structures palpated, which overcame the difficulty
encountered when trying to verify performance for an internal procedurce. All the cows belonged to
the same herd and students werc paired, one stodent from each group examining the same four
cows, to minimise the effect of cow variability on perforinance. The stodenis trained with the
simulater performed significantly better than those who only had traditional training. This
indicated that the teacher had been able to use the simulator to train students to develop the
required skills for the task and that the virtnal models were realistic cnough for students to identity
structures in the cow correctly, further establishing the face validity of the virtual environment.
‘These results validate the simulator as an effective training tool for equipping students with the

skills needed to locate the uterus when examining cows for the first timc.

123




Alter demounstrating that the training was effective, there were still practicality issues to address
with regard to the simulator’s use in a real world situation (Neufeld and Norman 1985). The
project to integrate the Haptic Cow into the farnm animal course at the University of Glasgow
Veterinary School investigated the feasibility of using the simulator within the constraints of a
curriculum. The feedback and comments from students were particularly helpful for identifying
problems, omissions and arcas reguiring further development. The simulator continues to be
included in the farm animal course at Glasgow and distribution to other veterinary schools is

currently underway.

One criticism of the above work relates to the fact that all the training was delivered by one
individual, the researcher, und (he usability and efficacy in the hands of others has not been tested.
Also the simulator should be evaluated at other veterinary school, where the existing training
methods and the structure of the curriculum may present additional challenges. Therefore, work
could have been undertaken to investigate the skill development of students trained by other
teachers and at other institutions. However, another approach was taken. An antomated version
was developed with the teacher’s role replaced by computer guidance. This new version was
developed as a prototype and delivered basic training for complete novices in preparation for the
lirst examination of a real cow. A training tool that does not require the presence of a teacher
would also address other practical issues: making the simulator morce accessible and reducingr the
cost. The current chapter presented work to design an avtomated version of the Haptic Cow using
a combination of haptic guidance and andio cues. The new version was validated by demonstrating
that students learned skiils that were wseful (or the real task and therefore, computer-assistance can

be used to provide an effective replaccment for a teacher.

Another consideration is that the results need to be placed in the context of the procedure as a
whole. The task assessed was finding and identifying the uterus. This is a fundamental skill, the
imporiance of which cannot be overstated, becanse students need to be able to find the uterus
beforc progressing on to performing a full fertility examination, diagnosing pregnancy or even
pawing a scanner in the right place. Simulations had been developed for the more advanced
procedures of ovary palpation and pregnancy diagnosis and experts had assessed the virtual
models as realistic enough representations. During the curriculwm integration work, fourth year
students had been taught the more advanced techniques and some aspects of the teaching protocol
were moditied as a result of student feedback. However, further work needs to be undertaken to
determine whether the simulator actually equips students with the required skills by demonstrating

improved performance during the real task. If further skill development were demonstrated, then
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the automated version should be extended to include all the features of the teacher-led version,
with the aim of providing a training tool for a wide range of skills in an accessible, versatile and

more affordable format.,

The work has also highlighted how difficult the procedure is for novices. Part of (he motivation (or
the development of the simulator had been to provide a more eftective way of training students.
Feedback from studenis during and afier the Master's project by Baillie (Baillic 2003) had
indicated that traditional training was not very effective. The students in Groups B and 13, who had
only the traditional training provided at the University of Glasgow Veterinary School before
examining cows, performed very poorly, supporting the previous reports (Baillie 2003). The
majority of farm animal experience takes place during EMS but, for various rcasons, the help that
students receive can be limited, This is partly becanse the veterinary surgeons are trying to teach at
the same time as conducting their commercial work and, as the procedure is unsighted, providing
help can be difficult under any circumnstances. The results from the experiment suggest that a
simulator session prior to the farm animal placement trainting would be beneficial. Students would
then be better able lo make use of the learning opportunities provided duaring EMS and, if able to

identity structures palpated, could have a more eftfective dialogue with the veterinary surgeon.

In addition to providing users with touch related interaction in virtual environments, haptic devices
have other functions and can be uscd to investigate various aspects of a user’s performance during
tasks. Therefore, as well as being nsed for teaching, the bovine simuiator could have a role as an
assessment tool. When examining cows, the student’s actions are not visible, which not only
makes teaching difficult but also means performance cannot be assessed accurately. Developing
the simulator to include a way of measuring skills objectively would be nseful. All the work to
date has been directed towards developing a teaching tool, supporting the teacher’s role and the
student’s learning needs. Thercfore, further development would be necessary and a list of
performance metrics would need 0 be defined. Further validation would also need to be
undertaken and would include Nevfeld and Norman’s criteria for simulators used as asscssment
tools establishing whether: the simulator discriminates between different levels of expertise
(construct validity), the measurernents correlate with performance during the real task {concurrent
validity), and those scoring highest in the simulator test would also then have the best performance
during the real task (predictive validity). In an cra where the bealth professions are increasingly
required to assess a student’s clinical skills objectively and to revalidate clinicians, then a project

to investigate the simulator’s potential in this area would be worth considering.

125




Another way of making use of the technology as a measuring device would be to use the simulator
to find out more about how we perform palpation-based procedures. Experts have difficulty
articulating exuctly what they are doing and this is campounded further when the procedure is
internal and thercfore, the expert’s technique can not be watched by the trainee. In the simulated
environment, the device can record and playback the expert’s path. This functionaiity was used in
the automated version of the bovine simulator to guide students and in the Horse Ovary Palpation
Simulator to evaluate performance (Crossan 2004). Additionally, a test environment can be created
to investigate various aspects of an individnal’s perceptual abilities. In the next chapter, work is
presented that uses the simulator in this way to answer a guestion raised by students. When
teaching, students often asked the researcher: “Which hand should I use (10 perform rectul
palpation of a cow or horse)?” becanse some velerinary surgeons were advising the use of the left
hand, although the justification for this was uncertain. Most people, if given the choice, would
prefer to use their dominant hand to learn a new manual skill. An experiinent to test the abilities of
the two hands for certain tasks, which were considered to be important skills for performing

bovine rectal palpation, has therefore been undertaken using the simulator (Chapter 7).

6.6 Conclusions

I human and veterinary medicine, there is an increasing need to find new and more effective
ways of training the health professionals of the future and simulators, in their many forms,
represent one possible solution. The aim is to develop teaching tools that will equip trainees with
the required skills and reduce risks to patients. Validation, which involves demonstrating that a
simulator is effective, is a very important part of the develupment process without which the
benefits cannot be guaranteed (Neufeld and Norman 1985; Berg et al. 2001; Magee 2003; Scalcse
and Issenberg 2005). The majority of virtual reality (VR) based simulators have been developed
for minimally invasive surgery and minor procedures but there are only a few examples of
research that demonstrates that training has beneficial effects on subsequent performance during
the real task. The MIST-VR simulator, a basic surgical skills training environment, has been
shown to result in improved performance in the operatiig room when surgeons performed
cholecystectomy, cither when MIST-VR was uscd in isolation (Seymour et af. 2002) or in
combination with a simulator designed specifically for laparoscopic procedures (Schijven er al,
2005). An endoscopy simulator has also been shown to provide effective training for medical
residents (Ost et al. 2001). There are only a few VR simulators developed specifically for

palpation procedures and, although some have demonstrated training effects in the virtual
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environment (Crossan et al, 2002; Howell er af. 2000), no work has been undertaken to measure

skill transfer to the real task.

The work undertaken in this thesis has validated the bovine simulator by demonstrating that: the
(raining environment was sufficiently realistic; a teacher was able to usc the simulator to cquip
students with skills that transferred to the real task (finding and identifying the utcrus in the cow);
and simnlator training could be integrated successfully into a curriculuin, Even though the work
had shown that the simulator was an effective and useful tool, there were certain areas that still
needed to be addressed. The one-to-one teaching was expensive and bad relied on one individual.
The work presented in this chapter described the development of an automated version that
students could nse on their own and this has been validated for the basic skills, There are also
issues relating to the more advanced procedures performed during bovine rectal palpation,
including pregnancy diagnosis and fertility examinations. The simulator-based representation of
vvary palpation is, (0 a certain extent, limited by the single point of contact of the PHANToM
haptic device. Additionally, further validation work needs to be conducted to ensure students are
learning the required skills. Tn spite of these reservations, the more advanced techniques have been

tanght as part of the fourth year simulator-bused training and have been well received by students.

Overall, the work has established more of the criteria delined by Neufeld and Norman (1985) for
validating simulators used in medical education than any other virtual reality simulatar developed
for a palpation-based procedure. Importantly, training with the simulator has been shown to equip
students with useful skills that transfer to the real task. The (caching environment provides
standardised training for the basic skills and gives access to a variety of cases and lcarning
opportunities. The antomated version conld be made available in a clinical skills laboratory for all
novice students to use prior to the [irst examinations of cows. The teacher-led version offers
considerably more functionality and would be particularly useful to address individual student’s
fcarning difficnlties or skill deficiencics. Additionally, for students wanting to work in farm animal
practice, one-to-one sessions could be included as part of a farm animal clinical rotation and used

to reinforce and further develop existing skills.




Chapter 7: Investigating Aspects of Palpation-
Based Skills with the Simulator

7.1 Introduction

Certain velerinary palpation-based tasks, including rectal examination of cows and horses, are
single-handed procedures. When teaching with the simulator students often asked: “Which hand
should I use?” There are practical reasons that could favouwr cither hand under different
circumstances and some students commented (hat during EMS some practitioners were advising
using the left hand. However, when palpating the Haptic Cow simulations, without being told to
use of onc hand or the other, most students chose to use their dominant hand. The motivation for
the work presented in this chapter was to gather evidence to answer the students’ question through
a survey of practitioners, information from the literature and an experiment to investigate the

performance of the right and left hand for veterinary palpation-based tasks using the simulator,

7.2 Survey of Veterinary Surgeons

A survey was conducted io assess the ratio of right and lett hand use by veterinary surgeons when
performing rectal palpation of cows and horses. Anecdotal evidence from the profession had
suggested that the ratio of hand wse was different to the ratio of right- to left-handers, with a
number of right-handers using the pon-dominant hand. In populations, right-handers greatly
oumumber left-hunders and a large survey conducted in the early 1990s found that the incidence of
left-handedness was about one in ten (Perelle and Ehrman 1994). A short questionnaire was used
(o gather information [rom veterinary surgeons, who were asked: which was their dominant hand;
which hand was vsed (o perform a rectal exumination; to comment on the reasons for the choice.
Feedback was obtained from 78 veterinary surgeons and the resulis are summarised in Table 7.1.
Of the respondents, 82% werc right-handed, 13% left-handed, and 5% classified themselves as
ambidextrous. The percentage using the right hand to perform rectal palpation was 53%, left hand
was 35% and 12% used both. Of the 64 right-handers, 30% wcre using their left hand, 58% were
using the right hand and 12% used both. Only one of the 10 left-handers used the right hand.
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Question: Are you. . Question: Which har.m‘d do you use when performing rectal “
N _palpation of cows & horses?
Right- | Left- Ambi- Hand used: Dominant | Non-dominani |  Both
handed | handed | dextrous [ R-handers 37 9 8
04 10 4 | _ L-handers 8 1 1
82% 13% 5% Ambidextrous ~3useR,Ousc L 1

Table 7.1. Results of a survey of 78 veterinary surgeons on handedness and hand use when

performing rectal palpation of cows and horses.

Seventy-five of the 78 velerinary surgeons had written a reason when asked about the choice of
hand. The comments are detailed in Appendix 7.1. The common reasons right-handers stated for
using the left hand were: being told to, the left hand was more sensitive, the right hand was then
free for other (dextrous) tasks. The common reasons why right-handers used the right hand
included: this was easier, the arm was stronger, more confident, The reasons for being able to use
hoth were often practical and related to times when changing hands was nseful. The reasons for
left-handers using the left hand included: easier, stronger, more dextrous. The left-hander who

used the right hund plaved tennis with the right hand and felt this arm was stronger.

The survey did support the suspicion that a higher proportion of the profession used the left hand
than were lell-handed. As well as most of the left-handers, just under a third ol the right-handers
used the left hand. Ilowever, when considering the range of reasons for the choice, a case could be
made to justify using: the right hand, the left hand, the dominast hand, the non-dominant hand or
being able to use hoth hands. The dominant hand was favoured by lefi- and right-handers because
it was casier, stronger and individoals felt more confident. The superior dexterity of the dominant
hand was used as justification either for leaving the dominant hand free for other tasks or for
examining cows, when dexterity would also be wseful. Many individuals, particularly the right-
handers using the left hand, stated their reason as being ‘told to’ or ‘taught 10’, which does not add
much to the debate but does indicate that the belief is being passed down. The reasons for the hand
choice did not clearly justify the use of one hand in preference to the other. Therelore, on the basis
of the survey, the hypothesis that the left hand should be used to perform bovine or equine rectal

palpation conid not be supported or refuted,

7.3 Evidence from the Literature

Further information was gathered by searching the litcrature for evidence that might indicate
which hand, if either, would be superior for learning or performing palpation-based tasks.

Palpation involves sensory components, which provide information about objects and the
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enviromment as well as the motor functionality required to perform the procedure. There is a large
boudy of research that has looked at various aspects of hand performance, some of which dates
back many years. For example, in the 19™ centiry Weber performed experiments that suggested
that the Teft hand was more sensilive to weight and (emperature (Weber 1834: translation 1978).
For the current study, the aim was to relate the findings of experimental work to the component
skills used when performing bovine rectal palpation. There have been two papers that have
presented and reviewed relevant work and these were used as the source of information to lnk
hand ability to the required skills (Snmmers and Lederman 1990; Fagot et al. 1997). The findings,
which were predominantly from right-handers, are summarised in T'uble 7.2. There are categories
tor the skill, the hand with the superior petformance, and the relevance to bavine rectal palpation.
In some cases, the findings for hand performances [or a particular skill were conflicting and the
review authors indicated that this may be related to various factors including the tasks used to test

the skill, the means of recording results (verbal, written, other), the handedness of participants and

gender,
ISkill L/R/= |Relevunce to bovine rectal palpation?
Pressure L,= Assess firmness / softness of anatomical structures
Position sensing L [To orientate inside the cow?
Roughness N Relevauce? As most surfaces are smooth
Retain a sequence R,L Search strategies, a scquence of touch-based events
Braille L, = [Relevance?
Line orientation L |Relevance?
Tactnal maze learning L,= Learn series of moves for search inside cow
[Motor learning = [Motor component of palpation and manipulation
Eorm { object R,L,= - Letters: relevance?

iscrimination I, = - Non-sense shapes: cow tract objects?

Table 7.2. Hand abilities for palpation-based skills. In the first column the skills assessed are
listed. The column headed ‘L / R / =’ indicates which hand, if either (=), had the sapcrior
performance (where findings vary there is morc than one entry). In the third column, the
skill’s relevance to bovine rectal palpation is considered. (Information collated tfrom the

reviews by Summers & Lederman (1999) and Fagot ef al. (1997)).

The evidence based on experiments conducted predominantly with right-handers, although in parts
conflicting, indicated that for most of the sensory-based skills there was either a superior
performance by the feft hand or no difference between the hands. However, there are also motor
components to bovine rectal palpation including, for example, manipulation of the reproductive

tract and ovaries. The dominant hand is morc dextrous and will be more able, af least initially, to
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perform these tasks. ‘The dominant arm is also stronger and less likely to fatigue. Therefore, for
right-hunders, a case could be made for using either hand. ‘I'he supericrity of the leflt hand for
certain aspects of the task would have to be balanced with the advantage of the right dominant
hand for the motor and dextrous components. There was not enough information for left-handers
to determine the most appropriate hand choice although the dominant hand would be more skilled

for the motor components of the procedure,

The findings so far indicate that there are a range ol factors to consider when choosing which hand
to use to perform bovine rectal palpation. There are practical issucs to consider, as mentioned by
the veterinary surgeons, in addition to the abilitics of the two hands for the compunent skills. The
hand advantages for palpation-based skills as described in the literature tend to suggest that for
right-handers the sensory companents the choice may not matter (equal abilities) or there may be
an advantage for the left hand. For the motor components, the dominant hand has the advantage.
However, the research work was carried out in a range of environments and for tasks that were not
directly linked to the procedure as performed by veterinary surgeons when examining cows. Therc
would be practical issucs that would make investigating hand performance during the real task
very difficult. An experiment was conducted in the simulated environmenl (o investigate
perceptual abilities of right-handers. They were assessed while undertaking some of the
component skills used {or bovine rectat palpation and the performance of the left and right hands

was compared.

7.4 Experimentis to Investigale Hand Performance: Size and Softness Perception

7.4.1 Test Environment

Pregnancy diagnosis was chosen as the task on which to base the investigation. This was because
manual palpation of pregnuncies is a skilled technique and requires considerable practice to make
accurate diagnoses. The foetus implants in one uterine horn (ipsilateral to the ovary from which
the egg was derived). The implanted horn then increases in size relative to the non-implanted horn.
In the first trimester, manual pregnancy diagnosis involves palpating the uteras and assessing the
relative size and softness (fluid content and wall thickness) of the twao uterine horns. An
experienced caltle practitioner can appreciate these changes rom about 35 days of gestation and

can age early pregnancies to within a few days.

The experiment was conducted in a virtwal environmenl nsing the PHANToM. The two
components of the task — assessing relative size, assessing relative sofiness — were investigated

separately using a technique [rom psychophysics (the branch of psychology that deals with the
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relationships between physical stimult and sensory responses), see Section 7.4.3 below. The
uterine horns were modelled as two paraflel cylinders, a more simplistic representation than in the
teaching environment and the cow. The previons simulations used combinations of stretched
spheres, which vary in width and therefore, were not suitable for the experiment. In one
experiinent, the diameter of one cylinder was set at a value to represent a non-pregnant uterine
horn and the diameter of the other was larger, representing various stages of early pregnancy. In
the other experiment, the softness (the stiffness or KSpring value) of one cylinder represented
non-pregnant uterine horn while the other cylinder was softer (lower stiffness or KSpring value),
representing various stages of early pregnancy. The abilities of the left und right hands to

differentiate between the two cylinders were assessed for cach property: size, softncss.

7.4.2 Measuring Perceptual Abilities in Virtual Environments: Related Work

Other work has been undertaken to investigate perceptual abilitics similar (o those needed to
perform pregnancy diagnosis using virtual environments that incorporate haptic feedback from a
PHANToOM. A study by O’Malley and Goldfarb (2002} found that subjects had comparable
performance when assessing the size of both real and virtual objects (rectangles and cylinders),
indicating that the virtual environment provided a realistic enough representation and interaction,
A small study, with three participants, measured the ability to detect height differences between
two virlual surfaces {Walker and Tan 2004). The smallest difference that could be detected, which
is also termed the just noticeable difference (JND), was small (0.17 — 0.63mm) and was alfected
by the stiffness of the surface, the firmer the surface the smaller the detectable difference. When
assessing the relative curvature of two virtual spheres, a difference in the radius of at least 11%
was required Tor the two objects to be accurately ditferentiated (Provancher et at, 2003). Another
experiment also looked at participants’ abilities to differentiate between the curvatures of two
virtual spheres (ranging from 2.5 to 6.5cm in radius) and the effect of changing the surface
properties of hardness, texture and friction (Jansson and Pieraccioli 2004), The INDs in the radii
of the two sphercs ranged from just under 2mm to just over 3mm (exact values not stated) for the
different conditions. Only texture was found to affect this leve! of perforinance significanily,
making differenttating between the spheres more difficult. They also observed that in the
experiment where the degree of hardness was altered, participants initiaily had difficulties
assessing the curvature of soft spheres accurately but then adapted their technique, In another
study investigaling subjects’ abilities fo judge the curvature of a cylinder, the level ol performance
was found to be affected by surface friction (Christon and Wing 2001). Subjects tended to

overestiiate the size when friction of the surface was low and underestimate when friction was
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high. There have also becn studies o measure perceptual abilities when differentiating between
stimuli or objects on the basis of the rclalive softness or hardness. This is measured either as the
compliance, the ability of the object to yield {in mm/N), or the stiffness, a physical property of the
object (in N/mm). When participants probed virtnal objects with a stylus, an 8 - 12% change in
stimujus stiffness was required for the difference in the objects o be noticeable (DeGersem 2005).
A compliance dilference of between 14 and 24% was cbserved when pressing objects with a
finger in a thimble, a larger differcnce heing needed the softer the reference object (Dhruy and
Tendick 2000). Additionally, when students were learning to locate areas of abnormality
represented by changes in compliance during training with the Virtual Haptic Back, the smallest

differences or INDs that could be detected were in the range of 9 to 21% (Howell et al. 2006).

The findings of these studies have implications for the cwirent experiments o assess the
performance of cach hand in a virtual environment. The PHANToM has been used successfully to
run cxperiments to test perceptual abilities for a4 range of object properties including those used
during pregnancy diagnosis (size and sofiness discrimination) and therefore, provides a suitable
environment for the current work. When assessing dimensional propertics, such as height or
curvature, quite small differences between objecls were detectable. Similarly for sofiness, the
percentage dilferences were less than 25%, although quite a range was observed. The values for
some of these tests were expressed as percentages or Weber fractions as defined by Weher’s law
(Weber 1834: translation [978). ‘Ihe law states that, for a given object property or stimulus type
(size, stiffness, etc.), the JND is proportional to the reference stimulus intensity, and is expressed

as:
Al/I=c

where ‘T’ is the intensity of the reference (or standard) stimulus and ‘AT’ is the JNI) between the
two stimuli being compared and ‘¢’ is a constant (the Weber fraction). The perception of many
object properlics has been found to follow Weber’s law. Theretore, the IND values from the
literature provide a guide for the current experiments both for the design, which needs to include
the expected range over which the results are likely to oceur, and to provide a standard against
which to compare the results. Another finding from some of the above experiments was that when
measuring Lhe abilities to discriminate between objects for one particular property, this was
affected by other object properties. 'T'herefore, in the current work, properties other than the one

under investigation would be standardised.
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7.4.3 The Staircase Method for Investigating Perception

The aim of the work was to investigate whether there was a difference in the abilities of the left
and the right hands when performing the component tasks of manual pregnancy diagnosis.
Individuals’ perceptual abilities can be measured using a range of methods from psychophysics
(Gescheider 1997). These methods are designed to determine sensory responses to physical stimuli
and can be used to measure an absolute threshold or a difference threshold (the just noticeable
difference (JND) referred to previously in Section 7.4.2). In the following experiment, a difference
threshold was determined using the staircase or up-down method (Cornsweet 1962; Levitt 1970).
This method was chosen for two reasons. First, a staircase is classified as an adaptive method,
which is an efficient way of determining a threshold as the stimulus intensity for any given test is
calculated on the basis of the preceding test value and the participant’s response. Second, during
the real task, the veterinary surgeon feels for differences between the two uterine horns as part of

the diagnostic process.

During an experiment that uses a staircase, the participant is asked to differentiate between two
stimuli or objects on the basis of a particular property, for example, the diameter of the two uterine
horns. One of the stimuli, the standard or reference (in this case, a cylinder representing the non-
pregnant uterine horn), remains the same throughout the experiment while the other, the
comparison (the pregnant uterine horn), changes. Initially the participant is presented with two
stimuli that are very different. As the experiment progresses the difference between the two
narrows until the difference is barely detectable. In the following experiments, the two stimuli
(cylinders) were presented side-by-side on a platform (Figure 7.1) and the task was to determine

whether the comparison object was on the left or the right.

standard  comparison

Figure 7.1 An illustration of the experimental environment used to assess participants’
abilities to differentiate between objects on the basis of size (diameter). Two cylinders, the
standard (representing a non-pregnant uterine horn) and the comparison (representing the
larger pregnant uterine horn) were presented to the participant. The cylinders were
randomly allocated to the left and right sides. The task was to identify the position of the

larger comparison cylinder.



In the original staircase described by Cornsweet (1962), the comparison stimulus changed after
one success {(correct answer) or failure (wrong answer), a ‘one-up one-down' staircase. In the
following cxperiments, a modified version was wsed (Levitt [970), described as a ‘one-up ‘n’-
down’ staircase, where 'n’ is moxe than one. After ‘n’ correct responses (‘successes’) the next test
becomes more difficult - the difference between the stimuli decreases. If the participant makes one
mistake or wrong answer (‘failure’), the next test becomes casier - the difference belween the
stimuli increases. When the difference between the two stimuli increascs or decreases the staircase
direction reverses. The madified version of the staircase was usexd because this provides a more
reliable estimate of the difference threshold, as more than one correct response is required at a
given stimulus intensity before the stimulus is changed. A ‘one-up three-down' staircase (e.g.
Figure 7.2) was chosen as a practical compromise between achicving higher test reliability (than
with one or two successes) and an overly long experiment (with four or morc successes required
for a stimulus change). When there is a large difference between the stimuli or objects, participants
should differentiate correctly 100% of the time. When the performance is reaching the perceptual
timit, the stimnli or objects will appear to be the same and a single answer will have a 50% chance,
or probability, of being correct. At this peoint on the staircase, the Probability(up) =
Probability(down) = 0.5. Therefore, in a ‘one-up ‘n’-down’ procedure, the probability of the
stimulus level decreasing is Probability(down) = p'n’, where p is the probability of a correct

responsc. This is expressed «as:

Probability p (of answer being valid) = 0.5 A (no. incorrect responses / No. curreel responses)

Therefore, for a ‘one-up one-down’ staircase p = (1.5, for a ‘one-up two-down’ p=0.71 and for a
‘one-up three-down’ p = 0.79 (0.5 » ¥ (Levitt 1970).
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A Descending Staircase: 'one-up three-down’
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Figure 7.2. An example of a ‘one-up threc-down’ descending staircase used in the size
experiment. The differences between the values of the standard and comparison stimuli or
objects are plotted on the y axis. After three currect responses, the next test hecomes more
difficult, the difference between the standard and comparison objects is reduced by one step.
After a mistake, the staircase changes direction (reverses) and the difference between the two
stimuli increases. In this example, the initial step size is 2 units. This valoe is then halved
after each reversal in the staircase direction until a minimum step size (0.25 units) is
reached. The experiment finishes after a set number of reversals at the minimum step value
(cight reversals in the current experiments). The difference threshold is calculated as the

average of the values of the reversals at the minimum step value,

The initial size of the staircase step has a predetermined value and, as the experiment proceeds, the
steps bring the value for the comparison stimulus or object closer to the value for the standard and
the participant’s perceptual luwit. The step sizes change after reversals (success after failure,
failure after success) (Figure 7.2), which cnables the staircase to converge on the threshold more
guickly than if the step size was to remain the same (Levitt 1970). Additionally, throughout the
experiment, the participant 1s forced to make a choice even when unable to differentiate between
the two stimuli (*don’t know’ is not an option). The experiment finishes once a predetermined
numbert of reversals have occurred. An individwal’s difference threshold is calculated by averaging
the intensities of the stimuli at the reversal points. This is when the participant has reached his vr
her perceptual [imit and can no longer detect a difference between the two stimuli. In the current
experiments, this will be when the two objects are perceived to have the same size (diameter in

mm) or softness (stiffness or KSpring value in Newtons/millimetre). The number of reversals used
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to calculate the difference threshold will be a compromise between iucreasing the number of

values and extending the experiment to a point that might lead to fatigue or boredom.

A [urther classification of a staircase relates to the direction. When the comparison stimulus has a
higher value than the standard (Figure 7.2 above), the stuircase is descending. When the
comparison object has a lower value than the standard (Figure 7.3 below), the staircase is
ascending. The size discrimination experiment nsed a descending staircase as the standard
stimulus or object represented the non-pregnant uterine horn and the comparison represented the
pregnant uterine horn, which has a larger diameter. The softness discrimination experiment used
an ascending staircase, the standard stimulus or object represented the non-pregnant uterine horn
and the comparison sepresented the pregnant vierine horn, which would be softer (a tower stiffness

or KSpring value).

The experimental proceduse employed in the current study is classified 1s a ‘two-interval, one-up
three-down, forced choice adaptive procedure’. This classification is based on all the criteria
described above: comparing two stimuli or objects; using a ‘onc-up three-down’ staircase; and the
participant being forced i make a choice, even when unsure, The values for the staircase range
and the step sizes need to be established and for the current work were determined during pilot

experiments (Section 7.4.4 below).

7.4.4 Pilot Experiments

The virtnal environments consisted of two half cylinders, which represented the pregnant and nen-
pregnant uterine horns, resting on a platform. The values for the sive and softness of the virtval
models were based on those used in the teaching environment, which had been established by
experts. Pilot experiments were run with four veterinary surgeons and six veterinary students to
provide data on the performance of the left and right hands for the two tasks. These findings were
also used to establish valves for the staircase: the initial difference between the standard and
comparison objects, an estimate of where the difference threshold was likely to occur, and the step
sizes {(Table 7.3), In cach experiment ouly the property under investigation, size or softness,
differed between the two cylinders and all other haplic property values were standardised (see

values in bottom section of Table 7.3).

137




Criteria  Size Bxperiment Softness Experimem_‘
Staircase (‘onc-up three-down’) Descending Ascending
Standard object 30 mm (diameter) 0.3 N/mm (KSpring)
_Comparison object 40 mm (diameter) 0.18 N/mm (KSpring)
Initial step size 2 mm 0.02 N/mun
No. step sizes ) 4 4
Minimum step size _ 0.25 mm 0.0025 N/mm
No. reversals at min. step 8 8
Parameter values used for the other haptic properties of the virfual objects:
Cylinder diametor (see above values) 40 mm
Cylinder stiffuness (KSpring) 0.25 N/mm (see above values)
Static friction 05N 05N
Dynamic friction ) 02N 0.2N

‘Table 7.3. Values for the staireases and virtual objects for the size and softness experiments.
These were determined during pilot experiments with veterinary surgeons and veterinary
students. The haptic propertics that were not being assessed were kept constant throughout

cach experiment and arc given in the bottom section of the table.

TFor bath size and softness, the range of each staircase (the difference between the standard and the
initial value of the compuarison object) was wider than (and thereforc included) the values that
might be expected on the basis of Weber fractions abserved by others. For size, others have noted
a required difference in cxcess of 11% for the difference in the size of two spheres to be detectable
(Provancher et ul. 2003). The range in the current experiment, set at 30 mm diameter for the
standard cylinder and 40 mm for the comparison, includes such a difference. For softness
(measured as stiffness or compliance), a percentage difference or Weber fraction of up to 25%
hetween two aobjects was needed for the difference to be detectable (Dhruyv and Tendick 2000;
DeGersem et al. 2005; Howell et af. 2006). The range set for the softness experiment, with a
stiffness or KSpring of 0.3 N/mm for the standard cylinder and 0.18 N/mm for the comparison, is

wide enough to include the likely difference threshold.

The values for the difference in the abilities of the left and right hands of the veterinary surgeons
and students were used to estimate the sample size. This indicated that approximately 37
participunts would be needed for the experiment to assess size (mean difference 1.15 mm, standard
deviation 2.41, u = 0.05, power 80), and 35 for the experiment to evaluate softness (mean
difference 0.15 N/mm, standard deviation 0.22, a = 0.05. power 80) to detect a difference between
the hands it present. During the pilot experiments, participants did both experiments with each
hand (four staircases) and the resulty showed that, in some cases, performance deteriorating

towards the end, suggestive of fatigue or boredom. Therefore, a decision was made that in the
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main experiments each participant would be tested on only one of the parameters, size or sollness,

not both.

There were differences in the ways that some participants performed for the two parts of the pilot
cxperiments. When difterentiating between the objects on the basis of size, participants, hoth
veterinary surgeons and students, rarely made a mistake belorce reaching the diffcrence threshold
(their perceptual limit). However, in the softness experiment, half (three) of the students made
mistakes prior to the dilference threshold, ‘pre-difference threshold’ mistakes, and then would
improve again. This did not happen with the four veterinary surgeons with either hand. This
indicated that some students were adapting to the task and were ledrning how to assess softness as
the experiment progressed. This could relate to becoming more familiar with the haptic device as
lcarning effects have heen demonstrated before when using the PHANToM (Jansson and Ivas
2000; Jansson and Pieraccioli 2004). A practice session had been included as part of the pilot
experiments to allow parlicipants (o hecome familiar with the test environment. However, even
after training, some of the students were still adapting during the main part of the sofltness
experiment, whereas the experts did not. Therefore, although the standard slaircase was suitable
for the sizc experiment, a decision was made to use a modificd version for the soltness experiment
that included an additional adaptive technique involving some extra rules for changing step sizes

(Leviit 1970). An exaraple of this type of adapting staircase is shown in Figure 7.3,
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An Adapting Ascending 'one-up three-down' Staircase
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Figure 7.3. An example of an ascending ‘one-up three-down’ staircase, with additional
adaptive techniques, used in the softness experiments. The comparison stimulus has an
initial stiffness (or KSpring) value of 0.18 N/mm; the standard stimulus was less soft with a
stiffness value of 0.3 N/mm. After mistakes (*) below the difference threshold, the
participant adapts and performance improves. If a failure is followed by a run of successes,
the step size will increase. The difference threshold was calculated as the average of the last

eight reversals at the minimum step value.

In the softness experiment, the criteria used were that after the participant made a mistake, if this
was followed by two consecutive correct responses (where a correct response was three correct
answers at a particular stimulus value) then the step size would increase (double). This would be
repeated, if the participant continued to be successful, until the maximum (initial) step size was
reached, after which there would be no further doubling of the step size. There was no adaptation
to successive mistakes, which did not result in a change in step size. The adaptive component of
the staircase was no longer triggered after two successive reversals at the minimum step value. The
formula for the adaptive staircase was developed after reference to the literature (Levitt 1970;
Gescheider 1997) and looking at the way participants made mistakes, adapted and reached their

perceptual limit during the pilot experiments, with the aim of reaching the threshold efficiently.
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7.4.5 Hypotheses

Hypothesis 1 There wonld be no difference in the ability, measured as the difference threshold, of
the left and right hands when assessing the relative size of the two cylinders (virtual
representations of the two uterine homs). The dependent variable was the difference threshold (the
just noticeable difference (JNDI)) in sizc {diameter in mm) between the two cylinders, The

independenl variable was the hand vscd to perform the test.

Hypothesis 2 There wonld be no difference in the abilily, measured as the difference threshold, of
the left and right hands when assessing the relative softness of the two cylinders (virtual
representations of the two uterine horns). The dependent variable was the differcnce threshold (the
just noticeable difference (JND)) in softness (KSpring in N/mm) between of the two cylinders.

The independent variable was the hand used to perform the test.

7.4.6 Participants

The participants volunteered to take part in the experiments and were all right-handed female
veterinary students with no prior experience performing bovine or equine rectal palpation. This
subgroup ol stndents was chosen for various reasons. Therc was a need to standurdise the
experimental groups with regard to certain criteria. There are gender differences thut might affect
the results as males are more lateralised than females and controtling for gender in experiments to
investigate handedness is recommended (Suvmmers and Lederman 1990). There are also
differences between right- and left-handers, the latter, for example, tending to have superior spatial
and viswomotor skills and left-handers are overrepresented among top sportsmen and women
(Raymond er al. 1996), Therefore, the dominant hand needed to be consistent throughout the
experimental groups. Additionally, the aim of the work was to clacify the situation for right-
handers, as the literature and practical considerations indicated that there could be a case for left-
handers using their dominant hand but for right-handers the position was more ambiguons
(Sections 7.2 and 7.3). Therc were also practical reasons for choosing female right-handers
because of the need to recruit sufficient numbers of participants (populations: approximately 90%
right-handed; veterinary students: >70% female). Stadents were randomly selected {using the

random function in Microsoft Excel) and allocated to the two experimental groups.

7.4.7 Experimental Procedure

For each experiment, the participants performed the task with one hand and then the other,
counterbalanced for initial hand used in case of leamning effects or fatigne. Each participant’s

handedness was assessed using a standard test, the Edinburgh Handcdoess Tnventory (EHL)
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(Oldfield 1970). The participants answered questions about hand preference for ten tasks
(Appendix 7.2). This provided a means of determining the dominant hand and only participants
who were rated as right-handed on the EHI test took part in the experiments. During the
experiment, the participant was seated on a chair in front of the PHANToM with the elbow
supported on a cushion on the armrest (Figure 7.4). The participants were given an instruction
sheet (Appendix 7.3) and then underwent a training session. This allowed them to practice
palpating objects, which they did with the middle finger in the PHANToM thimble, and to become
familiar with the device and the layout of the virtual environment. The training session consisted
of a total of 20 tests and was divided into two parts: first, the participant performed 10 tests while
able to see both the PHANToM and the objects on the monitor; then the participant repeated the
training without any visual cues, the monitor was turned away or covered and a box was placed
over the PHANToM. The experiment was conducted in the unsighted format to prevent the
participant gaining information from visual cues. Throughout the experiment the participant wore
headphones to block out extraneous noise. After completing the experiment with one hand the

participant rested and then repeated the training and experiment with the other hand.

Figure 7.4. Experimental set up for the size and softness experiments. The participant sits in
front of the PHANToM haptic device (covered by a box and hidden from view by a curtain)
and palpates the virtual objects with the middle finger in the thimble gimbal. The test
involved identifying the comparison object: the larger (size experiment) or softer (softness
experiment) cylinder as the object on the right or left of the virtual environment. The
participant recorded the answer by pressing a key. The images on the computer monitor
were out of sight (monitor turned or covered). (Photo included by kind permission of

Caroline Walker).
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During the experiiment to assess size, the standard cylinder, representing a non-pregnant uterine
horn, had a diameter of 30 mun, which remained the same throughout. The comparison cylinder,
representing the pregnant uterine horn, was larger having an initial diameter of 40 mm. The
softness of each cylinder was the same (stiffncss or KSpring value of 0.25 N/mm). For the softness
experiment, the size remained the same (40 mm) whereas the softness changed. The standard
cylinder, representing the non-pregnani aterine horn, hud a stiffness or KSpring of 0.3 N/mm. 'L'he
comparison cylinder, representing the pregnant uterine horn, had a value of 0.18 N/mm at the start
of the experiment and therefore, was perceived to be softer than the standard initially. Participants
had to try to identify the location of the comparison object (the larger cylinder in the size
experiment; the softer cylinder in the softness experiment} as being the object on the left or right.
The cylinders were allocated randomly to the left and right positions. After making a deeision, the
participant recorded the answer by pressing the appropriate key, marked ‘L.’ or ‘R’. There was no
feedback on whether the answer was correct and the participant had to make a decision (forced
choice), guessing if uncertain. As the experiment progressed, the value for the comparison cylinder
changed in response to the participant’s answers. The values of the size or softness for each test
were recorded and used to plot the staircase graphs from which the difference threshold was

calculated.
7.5 Results

7.5.1 Size Experiment

Thirty-six female right-handed veterinary students started and completed the experiment with the
left and right hands, counterbalanced for the initial hand used. The diflerence threshold was
calculated for each hand ol each participant by averaging the last eight reversals on the staircase.
This was expressed as the number of millimetres that the comparison object’s diameter was Jarger
than the standacd object. The results are detailed in Appendix 7.4, with tables that present each
participant’s difference thresholds for the left and right hands (with a note of which hand went first
and which went second), the valucs of the last eight reversals, and the Edinburgh Handedness
Inventory (EHI) score. All 36 participants were classitied as right-handed on the basis of their EHI
score. Eighteen participants performed better with the left hand, 17 with the right hand and one
participant had equal performance with both hands. The mean difference threshold for the left
hand was 4.54 mm (standard deviation: 2.13 mm) and the median was 3.97 mm. For the right hand
the mean difference threshold was 3.87 mm (standard deviation: 1.64 mm) and the median was
3.53 mun. In other words, on average for the left hand, the comparison object needed to have a

diameter of 34.54 mm to be noticeably different to the standard object (diameter 30 mm). For the
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right hand, the comparison object needed, on average, to have a diameter of 33.87 mm to be
noticeably different. The results can also be expressed as Weber fractions (Al / I = ¢, see Section
7.4.2 above). Based on the mean difference threshold, the values are 0.15 for the left hand and

0.13 for the right hand (or when expressed as percentages: 15% and 13% respectively).

The experiment had been counterbalanced for the initial hand used to perform the experiment in
case there was an advantage associated with going first (second hand performance affected by
operator fatigue or boredom) or going second (second hand benefits from learning taking place
during the first part of the experiment). Fifteen participants performed better with the hand going
first and 20 with the hand going second. The mean value for the difference threshold for the 1
hand was 4.25 mm (standard deviation: 2.04 mm) and the median was 3.75 mm. For the 2™ hand
the mean difference threshold was 4.15 mm (standard deviation: 1.80 mm) and the median was

3.46 mm. Boxplots of the results are presented in Figure 7.5.

Boxplots of Difference Thresholds (Size)

Difference (mm)

T A 5 T T

Left Right First Second

Figure 7.5. The difference threshold values (in millimetres) for the size experiment. The data
are presented as boxplots of the difference threshold values for the 36 participants for: the
left hand, the right hand, the hand going first, and the hand going second.

The data were not normally distributed on the basis of an Anderson-Darling Normality Test and
when plotted graphically the skew was to the right. Therefore, a logarithmic transformation was

applied, which resulted in normalisation of the data. The results were then analysed using a
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General Linear Model (GLM) ANOVA (Coolican 1999) to analyse the performances on the basis
of the hand (left or right), the order (hand performing the experiment first or second) and the
interaction between the two variables Chand and order). There were no significant differences
between the hands for either criteria (Fy r = 1.79, p = 0.19; [F,, 2.0 = 0.00, p = 0.96) and there was

no significant interaction (Fy, = 1.98, p = 0.16).

7.5.2 Soltness Experiment

Another 36 female right-handed students completed the sofiness experiment with the lelt and right
hands, counterbalanced for the initial hand used. Thirty-cight students started the experiment but
two did not finish and the data from these staircases were not included in the results. The
difference threshold was caiculated for cach hand of each participant by averaging the last eight
reversals on the staircase. This wus expressed as the difference in the sofiness (stiffness or
KSpring value in N/mm) between the comparison object and the standard object. ‘I'he results are
detailed in Appendix 7.5, with tables that present cach participant’s difference thresholds for the
left and right hands, the values of the last eight reversals, and the Edinburgh Handedness Tnventory
(EHI) score. All participants wese rated as right-handed ou the basis of the EHI score. Fourteen
participants performed better with the left hand and 22 with the right hand, The mean difference
threshold for the left hand was 0.056 N/inm (standard deviation; 0.028 N/mm) and the median was
0.045 N/mm. For the right hand the mean difference threshold was 0.053 N/mm (standard
deviation: 0.025 Nfmm) the median was .053 N/mm. Therefore, for the teft hand (he comparison
ohject needed to have a stiffness or KSpring value of (.244 N/mm on average to be noticeably
softer than the standard object (0.300 N/mim) and for the right hand the difference was deicctable
on average when the comparison object had a KSpring of 0.247 N/mm. The Weber fractions,
based on the mean difference threshold values for the two hands, were 0.19 for the left and (.18
for the right (or 19% and 18% respectively). The experiment had been counterbalanced for the
initial hand used, similarly to when assessing size differences. Eighteen participants performed
better with the hand going first and 18 with the hand going sccond. The mean value for the
difference threshold for the 1% hand was 0.0544 N/mm (standard deviation: 0.0266 N/mun) and the
median was 0.049 N/mm. For the 2™ hand the mcan difference threshold was 0.0538 N/mm
(standard deviation: 0.0263 N/mm) and the median was 0.052 N/mm. Boxplots of the results arc

presented in Figure 7.6.
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Figure 7.6. The difference threshold values (in N/mm) for the softness experiment. The data
are presented as boxplots of the difference threshold values for the 36 participants for: the
left hand, the right hand, the hand going first, and the hand going second.

The data were not normally distributed on the basis of an Anderson-Darling Normality Test
(skewed to the right). A logarithmic transformation resulted in normalisation of the data. A GLM
ANOVA was used to analyse the performances on the basis of the hand (left or right), the order
(hand performing the experiment first or second) and the interaction between the two variables
(hand and order). There were no significant differences between the hands for either criteria (F;
=0.14, p = 0.71; Fiy20a = 0.02, p = 0.90) and there was no significant interaction (Fy, = 0.35, p =
0.56).

During the pilot experiments, when assessing softness some students had been observed to make
‘pre-threshold’ mistakes before reaching their perceptual limit and then adapted but this did not
happen when assessing size (Section 7.4.4 above). Mistakes were qualified as ‘pre-threshold’ if
they occurred at a point on the staircase at least one step (at the initial, maximum value) above
(size) or below (softness) the difference threshold. During the main experiments, the number of
staircases in which such mistakes were recorded was 27/72 (26 participants, left and right hands)
for softness compared with 8/72 when assessing size. When analysed with a Chi-squared test,
there was a significant difference between the size and softness experiments in the number of

staircases with mistakes occurring prior to the difference threshold (p < 0.001).
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7.6 Discussion

The cutrent work was vndertaken o (ry to answer a question raised by students: *“Which hand
should T use (to perform rectal palpation of a cow or horse)?” There was a suggestion from the
profession that there may be a case for using the lelt hand although the justification for this was
uncertain. When learning new technical skills, such as bovine rectal palpation, most people prefer
to use their dominant hand, which will be the right hand for about 90% of the population. A range
of approaches were taken to (ry to answer the students’ question. First, a survey was conducted to
gather information f[rum voterinary surgeons about hand use for bovine or equine rectal palpation
and this found that, of the seventy-eight respondents, nearly a third of the right-handers were using
their feft hand. When asked ubout the choice of hand (left, right or being able to use both) there
was a wide variety of reasons given. Many respondents stated that they had been ‘told to’ use the
left hand and a range of practical considerations were also mentioned. The dominant hand was
favoured by right- and left-handers because of confidence, strength, dexterity and easc of
performing the task. ITowever, a definitive case was not made for using one particalar hand and
(herefore, further evidence was gathered from reviews of the literature on handedness. For the
range of skills that could be considered relevant to bovine rectal palpation, previous work
undertaken predominantly with right-handers indicated that for the sensory components either the
two hands had equivalent performance or there was an advantage for the left hand, However, the
task also involves various motor skills. including manipulation of the reproductive tract, for which
the dominant hand would have an advantage. Therefore, when considering the relative advantages
of each hand for the motor and sensory components of the task it was unclear as to which hand
should be recommendcd for right-handers. There was not enough evidence from the literature o
make recommendations for Jeft-handers. The simulated environment was used to investigate the
1ssue for right-handers by measuring the perceptual abilities of the two hands for certain palpation-
based skills. As there arc relatively small numbers of left-handers in populations, investigations for
this subgroup were not undertaken but could be addressed in another study. Manual pregnancy
diagnosis was chosen as the task on which to base the investigation as this is a skilled technique

that involves assessing the relative size and softness of the two uterine horns.

Experiments were undertaken to test the perceptual abilities of female right-handed veterinary
students when differentiating between two cylinders (virtual representations of the two uterine
horns) on the basis of size or softness. The results showed that there were no significant
differcnces between the perlormance of the left and right hands for either task (ineasured as the

difference threshold using a psychophysical staircase method). Therefore, both Hypothesis 1 and
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Ilypothesis 2 are supported. However, there are certain limitations that should be considered
before extrapolating from these findings to the students’ guestion about hand use for perforniing
rectal palpation ol cows or horses. The lusk was based on a real procedure, manual pregnancy
diagnosis, and the range of values for the sitmulaied models’ size and softness were based on (hose
established previously by clinicians. However, the uterus was represented by a pair of cylinders
rather than the more anatomically correct models {combinations of stretched spheres and
cylinders) used in the Haptic Cow teaching toal. Also the simulated test was more simplistic than
the real lask, when the clinician assesses both size and softness ai the same time and may use
additional techniques, such as imembrane slip. In the virtual environment each participant assessed
only one property, either size or softness. Therc would be an argument for assessing both together
as this more closcly represents the real tusk. In such an experiment, the superior hand (left or right,
if either) would have been identified for a simulated version of pregnancy diagnosis. However, this
approach would have hidden the abilities of each hand for the component skills, which could have
been additive or contradictory, and there are also reasons for investigating skills individually

(discussed in the next paragraph).

Another reservation about the overall impact of the results in relation to hand use relates to the fact
that the experimenis only evaluated the perceptual abilities for two of the skills used during one
task: manual pregnancy diagnosis. Velerinary surgeon will undertake a variety of tasks when
performing rectal palpation of cows or horses and will use a wider range skills. However, some of
the tasks will include some of the same component skills and therefore, a case could be madc for
looking at individual skills rather than procedures as the findings would have a wider application.
Further work could be undertaken to identify a set of ‘core palpation skills’ and to assess hand
abilities for each component. This would provide a more camplete cvaluation of handedness for
bovine rectal palpation, a more valid answer to the students’ guestion and could have implications
for other palpation-based skills. Another consideration relates to the experiments being restricted
to female right-handed participants becausc of the need to control for gender and dominant hand.
However, the interpretation is then limited to this subgroup of the population. The perceptual

abilities of males and left-handers conld be investigated in further experiments in the future.

Other reservations relate to using the PHANToM haptic device, which provides single point
interaction with a virtual environment. The experiments were performed using the middle finger in
a thimble to palpate the virtual objects with participants moving over the surface to assess size and
pressing to assess softness. This invelves vsing two of the exploratory procedures described by

lederman and Kiatzky (1987) for determining object properties: ‘contour following® and
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‘pressure’ {Section 2.2). However, size can also be assessed by judging the distance between two
or more digits when holding an object (‘enclosure’) and softness may be determined when gently
squeezing a structure. Although participants could determine the size and soltness of the virtual
models using the current version of the simulator, during the real task a combination of approaches
(using single and multiple contact points) would be used. Therefore, further work could be
considered using a glave-type device or with two PHANToMs, with one thimble on the thumb and
one on a finger. Additionally, any investigation in 4 virtual environment may produce different
findings to those vecorded during the real task, depending on how closely the virtual mimics the
real. A dircct comparison with the real task in this case would present considerable practical
difficulties. As an alternative approach, the performance of experts and novices could be compared
in the virtwal environment. This would represent one way ol establishing the validity of the test
environment in relation to the real task, as experts would be expected to have a superior
performunce. Both veterinary surgeans and stadents did take part in the pilot experiments but the

numbers were small and therefore, a larger stndy would necd (0 be undertaken.

With regard to handedness and the previous work revicwed by others (Summers and Lederman
1990; Fagot et al. 1997), there was either a left hand advantage or equal pertormance for the skills
that were considered to be simtlar to those used during bovine rectal palpation. The current work
found no significant difference in the percepinal abilities of the right and left hands, from which it
conld be mmplied that the clivice of hand does not matter for these particnlar skills. However, the
dominant hand does have certain advantages that arc particelarly relevant [or leaming a new
manual skill. These include having superior dexterity, which would be nseful when manipulating
the reproductive tract. Additionally, the greater strength or fitness of the dominant arm would be
important during long fertility scssions, when fatiguc can become an issue. Also novices would
probably be more confident in the abilities of their dominant hand, which would be an advantage
when learning new skills. There would also be certain individual variations relating ta, for
example, injuries to hands and other joints, and ann diameter, a very wide forearm (more
commonly the dominant arm) making examining some cows difficult. Additdonally, circumstances
on particular farms (e.g. the facilities for examining the cows) may mean that a particular hand
will be easier to usc. These individual aud farm-related considerations could be used to make a
case for being able to nse both hands. However, even after considering the limitations of the
current work and the range of other factors that affect cach individuai’s decision, the results
suggest that right-handed female students should consider the dominant hand to be their default
choice. Further work should be undertaken to investigate the abilities of male and left-handed

individuals.
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The curreat findings also add to the body of work where virtual environments have been used to
investigate human perceplual abilities. Others have looked at the abilities in relation to a particular
object property or stimulus rather than specifically investigating the issue of handedness. One way
to compare any findings asscciated with touch-related perceptual abilitics is to apply Weber’s Law
(Weber 1834: translation 1978). This states that for a particular property the change in stimulus
required for the difference between stimuli to be perceptible is a constant, The constant or Weber
fraction (expressed as a decimal or percentage) can therefore be used to compare experimental
work for a particular stimulus. For size, the nearest comparable work would be that by Provancher
et al. (2003) when participants had to differentiate between two sphercs on the basis of size. A
change in diameter of 11% or more was required for the two spheres to be noticeably different.
The current work found a difference in the diameter of 13 and 5% was required (on average for
the right and left hands respectively), although the abjects were cylinders rather than spheres. For
softness, other work has found that when probing objects with a finger in the PHANToM thimble
{as in the current study), Weher fractions for compliance have ranged {rom 14 to 24% (Dhruv and
Tendick 2000) and 9 to 219 (Howell ef al. 2006). Another study, using a stylus rather than a
finger 10 probe cbjects, found a Weber fraction of 8 to 12% f(or stiffness (DeGersem 2005). In the
current work, when palpating two cylinders representative of the two uterine horns with the middle
finger in the PHANToM thimble, the Weber fractions for stiffncss (the KSpring value) were on
average 18% for the right hand and 19% for the left hand. These values are within the range of
results from the other studies. However, there were certain differences in the test environments and
experimental designs between the studies, These incfuded the type of PHANToM end effector
used, with a lower Weber fraction being observed for stiffness when probing objects with the
stylus (DeGersem 2005) than when palpating objects with the thimble (as in the current work).
The softness or hardness of an object can be measured in terms of compliance or stiffness, which
although yielding similar results are not divectly comparable. Dhruy ez af. (2000) and Howell ef al.
(2006) mecasured compliance, while DeGersem (2005) and the current work measured stiffiess.
Additionally, measurements were made over different ranges of parameter valucs. The current
work used a range of values that had clinical relevance for pregnancy diagnosis. Whereas Howell
et al. (2006) used values typical of masculoskeletal abnormalitics detected during osteopathic
examinations (a firmer feel than a pregnant bovine uterus). In spite of certain differences in the
experimental designs, the [indings of the carrent work are similar to those of others, which support

the validity of the environment for an investigation of handedness for palpation-based skills.

Another interesting [inding to emerge from the work was that students performed difterently when

assessing size and softness. Some participauts had difficulty differentiating between the softness of
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the two uterine horns (cylinders) and made ‘pre-threshold’ mistakes before rcaching their
perceptual limit (the difference threshold). Others have made a similar observation when
participants were (rying to differentiate between two soft spheres (Jansson and Pieraccioli 2004).
After initial mistakes, the participants would work ont how to distinguish between the two objects
(adapting to the test) and the performance would improve again until the perceptual limit was
reached. However, in the experiment to assess size this type of behaviour happened in only a few
cases and the occurrence of ‘pre-threshold’ mistakes in the two experiments (assessing size and
assessing softness) was significantly different, This finding svggests that, in addition to the
perecplual component of the tusk, determining softuess may require more of a cognitive, or
learning, element than determining size. Also (here may have been a differcnce between experts
and novices in this respect. In the limited number of trials undertaken with the experts (four
veterinary surgeons in the pilot experiments), none of the participants made mistakes in either test
prior to their perceptual limits. This could further support the possibility that differentiating
between objects on the basis of softness requires practicc. However, there are several factors to
consider when interpreting these observations, First, the effects may be applicable only to the
simulated environment. Additionally, further studies should be vndertaken to determine if the
findings with the small number of veterinary surgeons (n = 4) ure indeed indicative of expert
behaviour. If the findings were supported, there would be interesting implications for the learning
and therefore, teaching of these two basic skills: assessing size; assessing softuess. Also (he
difference between the veterinary surgeons and students may relate lo knowing the safe operating
range or how hard you can press withont cansing damage. This wouid have interesting
implications for further developments ot the simulator where providing guidance about the use of
safe and effective levels of force would be helpful to students as well as having potential benefits

for animal welfare.

7.7 Conclusions

The work presented in this chapter tricd to provide an answer to a question often posed by
students: “Which hand should 1 use (to perform rectal palpation of a cow or horse)?” There is
conlusion about the choice as some practitioners advocate using the left hand but people tend to
prefer to use the dominant hand to learn new manmal skills. The aim of the work was to find some
justilication for either allowing students to use their dominant hand or advising an alternative
choice. From the initial investigations based on a survey of veterinary surgeons and evidence from
the literature, it appearcd that there were a range of factors that should be considered hefore

making a decision. When considering the relative advantages for the components of the task and
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other practical considerations raised by the veterinary surgeons, the choice for right-handers was
not as clear, with for example, contradictory hand advantages for motor and sensory components
of the task. The experiments, conducted with female right-handed students, found that for two of
the component skills of manual pregnancy diagnosis (assessing size and softness), there was no
advantage for either hand. In which case, the choice of hand might not matter. However, in answer
to the students’ original question, the advice wonld be that the results should be taken together
with other practical considerations that have been raised. Trainees should consider the following
factors when making their deciston: the advantages of their dominant hand, which relate to
confidence, strength, and dexterity; individual considerations such as injuries; the need to be
adaptable to the circumstances on individual farms; and perceptual abilities. Overall, the dominant
hand is likely to be the best choice for female right-handed students. There was not enough
evidence from the literature to make 4 recommendation for left-handers and this was not
investigated in the current study. Further work could be undertaken to address this subgroup of the
popuifation. Additionally, the hand choice for male students, both left- and right-handers, should be
investigated. After a more complete investigation, guidance could be provided for all students.
Another approach would be for individuals to mecasure their perceplual abilities in the virtnal

environment.

‘This work not only addressed an issuwe that concerned the students but also expanded the
simulator’s research potential as a measuring device, making use of a psychophysical method in an
investigation of veterinary skills. By finding out more about how we perform tasks as experts and
novices, there will be benefits for learning and teaching. A further extension of this work would be
to look more specifically at the skills we use and nced (o learn, with the uim of identifying the core
skills that are the building blocks for a range of palpation-based clinical procedures. Therefore, as
well as being used as a teaching tool there are future research opportunitics building on the work
presenled in this chapter. These include investigating and assessing skills in an objective way and

gathering data that could inform future practices in certain areas of veterinary education.
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Chapter 8: Conclusions

8.1 Summary

In this final chapter, the work presented in the thesis will be summarised, the contributions and
Hmitations discussed and finally, some ideas for future work presented. A simulator has been
developed using haptic technology to provide a training environment for veterinary students to
learn bovine rectal palpation. The procedure has been identified by veterinary surgcons and
students as a clinical skill that is difficult to teach and to learn. In the veterinary undergraduate
curriculum, the opportunities to gain farm animal experience are increasingly limited, which
presents problems when trying to ensurc all students achieve the required level of proficiency by
graduation. Additionally, there are animal welfare concerns associated with students learning an
invasive procedure on live animals when there has been insufficient prior training, The simulator
was designed to equip novice students with the skills to perform the first rectal examination of a

cow and work was undertaken to validate the teaching tool,

A review of the literature was conducted, first to define haptic exploration and then to [ook at the
computer lechnologies that provide touch-related interaction within virtual environments. For a
palpation-based procedure that is internal and unsighted, Lhe sense of touch is very important to the
cliniciun and providing good quality haptic feedback as part of a training environment is cracial, A
range of devices is now available that supports touch-related interaction and thesc have found a
wide variety of applications, with an increasing number used as simulators for medical training.
When designing these training tools, there are certain challenges that need to be met, These
include creating a virtnal environment that is realistic enough and can be used by trainees to learn
the procedure. A very important part of the development process for any new teaching method or
technology is validation, without which there are no guarantees of training efficacy, and this
should be undertaken before considering widespread use. The component steps for validating
computer simulators used in medical training bave been defined (Newfeld and Norman 1985).
These criteria have formed the basis for evaluations performed by developers of a range of
medical simulators and were used in the current work when trying 1o validate the bovine simulator

as a teaching tool.

The simulator was designed to cnable a teacher to have a more effective inputl into the learning
process and to equip trainces with the required skills. Bovine rectal palpation is unsighted and is

thercfore difficnlt to teach and learn. Additionally, information available in the literature s not
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detailed enough for students to determine exactly how to perform the procedure. The first part of
the work addressed the need o determine the specific learning needs of novice veterinary students
and the detailed steps used to perform the procedure. These were elicited after consultations with
veterinary surgeons, as teachers and experts, and students, as leamers. A design methad for
computer aided learning packages was used to integrate the information gathered into the structure
of the simulator-based teaching protocol. The virtual models needed Lo be a good enough likeness
that after simulator training students would recognise the same slructures inside the real cow. This
was achieved nsing an iterative design cycle where expert knowledge was an integral part of the
process. The First steps of the validation involved determining whether the design was sound, with
veterinary surgeons assessing the virtual enviromment and the teaching protocol. As the simulator
was developed as a teaching tool, the next key steps were to undertake work that established that
training equipped students with useful skills for the real task and that using the simulator in a

veterinary curriculum was feasible.

Alter establishing that the simulator delivered the required training and was usable in a real world
situation, the work was expanded to address ceriain questions that had arisen. The teacher had
been an integral part of the training environment and a question remained as to whether the tool
would be reliable in the hands of others. Rather than test this, for various reasons, an alternative
approach was taken with the teacher’s vole being replaced by computer guidance. A protolype
antomated version was developed and skill acquisition was evaluated, which found benefits when
trainees subsequently examined cows. The new version of the simulator, which students would use
on their own, has certain advantages: more accessible, no longer dependent on a teacher, and fess
expensive (in stali time). Another question posed frequently by students related to the choice of
hand when performing bovine or equine rectal palpation. There appears to be an element of
controversy surrounding this issue in the profession with some anecdotal evidence supporiing the
use of the left hand. As simulators can be used to investigate performance as well as providing
training environments, the final part of the work 1wade use of this functionality. The simulator
provided an environment in which to assess the perceptual abilities of the two hands fot some of

the skills used when performing bovinc rectal palpation.

8.2 Contributions

Validation, as alrcady stated, is a very important part of the development process of any simulator.
The majority of medical virtual reality (VR) simulators have been developed for minimally

Invasive surgety and minor procedures. Although there are many descriptions of the development




stages, only a very few have been validated to the point where benefits have been shown when
trainees subscquently perform the real procedures. There are a small number of VR simulators
developed specifically for palpation-based procedures but none of thesc haye been validated
during subsequent examinations of real patients. Validating a simulator by measuring performance
during the real task represents the gold stundard, Without this, it is possibie that the trainee could
be learning skills that are only applicable 1o the computer simulation. If the skills devcloped are
useless or even inappropriate, this counld put patients al greater risk. The work presented in this
thesis, to validate the Haptic Cow, represents the first time that a palpation simulator has been
shown to deliver the required training, with beneficial effects found when students subsequently

examined cows.

The validation work focussed initially on the design of the simulator-based teaching tool. The
virtwal models were realistic enough (face validity). The fcaching protocol was structured in a way
that allowed an instructor to use the simulator to teach the component steps of the procedure
(content validity). The level of realism provided by any alternative to the real patient - physical or
virtual model - is important and continues to challenge developers. When modelling internal
palpation-based procedures, the level of realisin is particularly important because touch is the only
sense available to the clinician. Other VR palpation simulators failed to deliver the expected
results and the reason could have been due to a lack of reatism as face validity had not been
established (Bardea er al. 1999; Crossan et al. 2001). Therefore, demonstrating that the bovine
models were realistic enongh was considered to be an important initial step and a prercquisite to
further work. The models were created by the researcher, whose combined skills as developer and
clinical expert provided a unique opportunity. A highly iterative design process was used and this
approach proved to be a very effective way of creating a virtnal environment. The level of realism
achieved also demonstrates that the PHANToM haptic device can provide the high fidelity
interaction required to represent the anatomical structures palpated when performing rectal
palpation of cows. This also indicates that the technology would have potential for modelling

palpation-based procedures in other species.

The demonstration of skill transfer to the real task was the next crucial step in the validation. The
experimental design, which followed a typical EMS stractute on farm {complying with current
welfare guidclines) allowed for skill acquisition to be tested under real conditions. Ultrasound
images provided a way of verifying performance, which is onc of the difficullics when trying to
assess an internal procedure. The work demonstrated that simulator trained students were equipped

with useful skills. They were more able to find the nterus than a group of their peers, whose
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training had not been supplemented with a simulator session. The simulator was only validated tor
one skill, finding the uterus, but this is a hasic and fundameutal pact of the procedure as a whole.
Until mastered, the student cannot perforta other techniques including fertility examinations and
diagnosing pregnancy (both manually and using ultrasound) as all of these depend on being able to
find the wterns. The work also supported the suggestion that the tradilional training available at the
University of Glasgow Veterinary School was not a very effective way of preparing students to
perform bovine rectal palpation as the contrel group performed particularly poorly. This

undetlines the need to provide some form of complement to existing training methods.

Work was then underiuken to try to make simulator training mote widely available, First, the
practical challenges of integrating a new teaching tool into a corriculum were addressed. The
simulator was included as part of the farm animal course at the University of Glasgow Velerinary
School and was well received by students. 'The student feedback indicated that simulator training
increased their confidence to perform the procedure and equipped thein with the skills to {ind and
identify key structures. One of the benefits of having the opportunity to tcach a whole yeur of
students related to the insighls guined into teaching und learning through the students’ comments
and the leacher’s personal experiences. This led to improvements in the teaching format and, as a
result, the simulator training was refined and continues to be used in the curriculum. A new
developiment was then undertaken to create an automated version, which students could use in
their own time. ‘I'he teacher’s role was replaced by haptic and audio guidance. An evaluation was
then undertaken using the same experimental design as for the teacher-led version. When the
performance of simulator trained students was compared with those who had only the traditional
training available at the University of Glasgow Veterinary School, the simulator-trained group
were significantly better at finding the uterus when examining cows for the first time. This
demonstrated that the antomated version was cffective at equipping students with certain skills,
The new version demonstrated the potential of using computer guidance as a way of providing at

least basic training and further developments are planned,

Overall, the validation of the Haptic Cow has provided several contributions (0 simulator research
and veterinary training. The work followed un established evalnation method, described by
Neufeld and Norman in 1985, und has served to illustrate that establishing that a simmlator is
designed correctly should always be a precondition to further cvaluations. After that step, the
effects of training can be tested and, in this case, were shown to be beneficial. Training with the
simulator has benefits for students, equipping them with skills that allow them to be better

prepared for the real task. The teacher can have a more effective input into the learning process
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compared with standing beside a cow, when the student’s actions are not visible. The problems
experienced when teaching in the traditional way have becen compounded by the current trend to
increasc the intake of students and the reduction in access to clinical material, for welfare and
financial reasons. For a veterinary school, the simmlator therefore provides a useful complement to
existing training methods and addresses some of the concerns about providing cnough training to
equip students with the required skills by gradvation. Another benefit for the university is that
when using the sinmlator, the teaching is standardised and development of a basic set of skills
could be guaranteed. For students, the simnlator represents a safe training environment, allowing a
‘trial and error’ approach to learning, as mistakes carry no serious consequences. The simulator
also provided a range of fertility cases, the on-farm scenarios, which allowed students to practice

applying and integrating their knowledge in a clinical context.

There are also likely to be benefits for animal welfare of using a simulator and this is in keeping
with the current drive to reduce, refine and veplace animals as educational resources. ‘the live
animal is still a very important part of the learning experience and therefore, the real cow will
never be replaced. However, with strategic use of the simulator to provide training, the use of
cows could be reduced and refined. For example, if novice students are taught the basic skills on
the simulator there would be certain benefits. Replacing cows with the simulator as this stage of
the learning process wounld be advantageous as untrained operators, as well as failing to perform
the procedure effectively, could do harm. Also the number of cows needed to achieve the primary
learning objectives wonld be reduced. The simulator could afso be used for more experienced
students to reinforce and further develop their existing skills, and would complement the use of

real cows at this more advanced stage of the learning process.

The final part of the thesis presented work where the simulator was used in a different role. Instead
of providing training, the virtual enviromment was used to measure various aspects of
performance. There is some debate within the profession about which hand should be used when
performing palpation-based procedures and the simulator provided an cnvironment in which to
determine the perceptual abilities of the left and right hands for certain tasks. The results, when
taken together with other praciical considerations, provided trainees with guidelines that could be
used to decide which hand to use when leaming bovine rectal palpation. This work illustrates the
stimulator’s potential as a measuring tool and this functionality could be explored forther, For
example, in veterinary medicine, there is a move towards finding ways of assessing skills more
objectively and, for certain tasks, thc simulator could provide a suitable test environment,

Additionally, when using simulators as measworing or recording devices, the information gathered
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will help vs understand morc about how we perform procedures and could be used to improve

teaching methods in the future.

8.3 Limitations

There are a number of limitations to the work, which will be considered in two categorics relating

to the simulator development and the research undertaken,

3.3.1 Simulator Development

The simulator has several limitations with regard to its capability to provide an environment and
an inleraction that resemble all aspects of the cow and the procedure. The PHANToM provides a
single point of contact through the thimble gimbal at the end of the mechanical @rm. The
procedure is hand-based and ideally a device that supported the hand and each digit should have
been used. However, at the moment there arc no devices that provide both whole hand interaction
and the level of fidelity regunired. Thercfore, to accommodate the shortcomings associated with the
single point of contact various adaptations were made. Trainees placed the middle finger rather
than the index finger in the thimble, as the former was reported by veterinary surgeons as
providing a better representation of the feedback associated with using the whole hand. There are
certain aspects of the task that cannot be represented using one finger, particularly where there is
an element of manipulation, which requires two or more points of contact. This would apply to
ovary palpation and therefore, during training sessions this part of the examination was taught
outside the simulated environment with the teacher demoustrating the finger movements with a
physical model. Eventually, a high fidelity whole hand haptic device will become available and
then, a simmlation could be created that provides a more complete interaction and training
expericnee. At that time, the existing simulations and teaching protocols could be used (o inform
the development of the new environment. This would mean that the next generalion simulator

would benefit directly from the work to datc.

There are also certain physical aspects of the experience of examining cows on farms that were not
included in the simulator-bused training environment. A fibreglass model of the rear-half of a cow
was placed over the haptic device, which helped to immerse users, both learners and experts, in the
expeticnee. However, other aspects, including palpating the repreductive tract through the recial
wall and faeces, and dealing with peristalsis, were not represented. A preserved rectum, sitnilar to
that used in the equine calic simulator developed in Vienna (Von Kiinzel and Dier 1993), could
have beeun added to the fibreglass model but was not included in the current training environment.

Training time is limited and including the rectum would have made the interaction more realistic
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but also wore difficult and slower. As a compromise, students were informed of the differcnces
and given a hand ont with instructions on how to deal with some of the physical challenges faced
when examining rcal cows. The simulator provided a more relaxed truining environment than the
sitnation on a farm, particularly in relation o experiences during EMS. Students considered this to
be an advantage because they were more able to focus on the learning objectives. Providing more
realistic representations and designing a teaching tool that prepares trainees more thoroughly for
the real task will continue to be a priority and a challenge during the development of future

versions of the stmulator.

The simulator training sessions were resource intensive involving one-to-one tuition. The teacher
was able 1o have an effective input into the learning process, which students considered o be
pasticularly helpful. However, providing this type of training raises various issues including
sustaining the cost of staff wages, the teachers’ dedication and motivation, and access to the
simulator being limited o the rimes when a member of staff is available. The automated version
was developed to investigate the possibility of providing training in the absence of a teacher and
the success of the prototype indicated that, with further development, many of the limitations
associated with the teacher-led version could be addressed. However, the PHANToM is a costly
piece of hardware and thetefore, even the automated version of the package would be relatively
expensive. The current work has been limited to certain procedures in one species and therefore, a
greater range of simulations shonld be developed. This would provide a more viable option, with

one device delivering training for a wide range of procedures in a variety of species.

8.3.1 Research Work

The primary motivation for the research was to validate the simulator as a (eaching tool by
demonstrating that the training was effective. The simulator was developed o equip novice
veterinary students with the basic skills before they examined cows. The research work undertaken
validated the teaching tool for one of the fundamental skills: finding and identifying the uterus, but
this is only one parl of the procedure as a whole. Virtual madels were developed to represent
pregnancies and ovarian cyclical structures and these were rated as realistic enough representations
by experts, establishing the first step in any validation, face validity. However, the next step, to
assess training benefits by measuoring skill development, was not undertaken. The whole range of
simulations was uvsed in the fourth year sessions (o tcach basic skills, pregnancy diagnosis and
fertility examinations. The training was well received by students but, without demonstrating that
skills transfer to the real task, the benefits cannot be guaranteed and therefore, further validation

should be undettaken.
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The training was delivered by one individual and at one veterinary school. This presents cerlain
questions: ‘Is the simniator usable in the hands of others?” and ‘Would the same results be
delivered? A decision was made, for various practical reasons, to circumvent this issuc by
developing an automated version and thereby, removing the teacher from the training
environment. However, in an ideal situation the simulator would be available to students in both
forinats. Novices would use the automated version to learn the basic skills before examining
cows. Later in the course, students wishing to focus on farm animal work could be given the
opportunity to benefit from the teacher-led training. This could be used to address problem areas,
further develop existing skills and practice examining Lypical fertility cases using the on-farm
scenarios. If the simulator is to be used in this way, further work should be undertaken with other
teachers to ensure that this part of the training can be delivered cffectively, irrespective of the
individual. While other teachers were using the simulator, any usability issues could be recorded
and addressed, and a training package would need to be produced. There is also the question of
whether the results would be the same if the simulator was used as part of the training offered at
other veterinary schools. If the existing training methods are different, then the benefits of using a
simvlator might also differ. Fach veterinary school would also present different challenges when
addressing the practicalilies of integrating the simulator into a curriculum. Another issue to
address relates to the work to validate the automated version which involved a small number of
students. Similarly to the curriculum jntegration project undertaken with the teacher-led version,
further work should be undertaken to investigate any practical issucs associated with making the
simulator available for all students in a clinical skills laboratory under the limited supervision of

the laboratory technician.

There are certain limitations to the work that was undertaken to investigate which hand should be
used to perform bovine or equine rectal palpation. The evalvation was conducted in a virtual
environment and was more simplistic and abstract than the real task in several ways. The
investigation was based on the skills used during manual pregnancy diagnosis but bovine rectal
palpation inclades other procedures and involves a wider range of skills. Additionally, the skills
(assessing relative size and softness of (wo objects) were measured individually whereas in the real
task the two skills have an integral and combined role to play in the diagnosis. Overall, a student’s
decision about which hand to use should be based on a number of considerations including the
circumsiances on farms and personal factors such as dominant hand, existing injuries and arm size.
This work did however open up an intercsting avenue for future sinmlator-based rescarch. It
providing a window into some ot the more intangible aspects of the paipation-based tasks that we

lcarn as veterinary students and become skilled at as veterinary surgeons. However, on a
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canlivnary note, any interpretation should always be considered in relation to its relevance to the
real task. Findings in a virtual esvironment are likely to be, at best, a good approximation to the

situation in the real world.
8.4 Future Work

8.4.1 Two-PHANToM project

One of the limitations of the current simulation is that there is only one point of contact, which
prevents full representation of certain aspects of the procedure. One option would be to use one of
the whole hand devices developed, for example, by Immersion Corporation although, in this case,
the finger movements are limited to one degree of freedom. This allows 4 user to press a button or
hold an object but not gain realistic fecdback while moving over a 3D surface. Therefore, a project
is being proposed to investigatc the use of two PITANToM haptic devices to provide twa-point
interaction with the anatomical models of the bovinc reproductive tract. This would enable new
actions to be modelled including grasping and manipulation. Users would also be able to assess an
object’s global shape and size through hand movements rather than just contour following using

onc finger (T.ederman and Klatzky 1987).

There would b new desipn challenges to address when developing a virtual environment in which
the user has two points of interaction. First, when using two devices in one workspace there can be
physical clashes between the mechanical arms and the devices would need 1o be mounted in a way
that minimised unwanted interactions. Additionally, there is a reduction in the overall size of the
virtual environment (Wull and Harwin 2001). For the veterinary simulation, the 3T} space would
need to be large enough to represent at least the diinensions of the inside of the cow’s pelvis. In the
current simulation, the models arc static but the new representations would need to be mobile and

respond to the two-point interaction in a realistic way.

After developing a two-point interaction and overcoming the above challenges, the simulator
could be used as a training tool for veterinary students to learn aspects of the procedure that are not
represented in the current version of the Haptic Cow. Some of the new tasks that could be
represented would include manipulating an ovary, retracting or uncurling the uterus as part of a
fertility examination and membrane slip (used by soime (o diagnose pregnancy). Research work
would need to be undertaken to validate the new version hy demonstrating that the interaction
using two devices was realistic and included the range of movements wsed to perform the

procedures naturally. The beneficial effects of training should also be assessed by demonstrating
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skill transfer to the real task. In addition, research could be undertaken to investigate various
aspects of performance. This would provide information ahout how, for example, cxperts carry out
the more complicated aspects of ovary palpation, which could then be incorporated into the

teaching protocol.

8.4.2 Skill Assessment using the Simulator

In human medicine, there is a move to use simulators to provide objective assessment of skill
(Moorthy et af. 2003b) and the bovine simulator could {ulfil a similar role. When trying to assess
students’ performunce or diagnostic skills while performing rectal palpation of cows, the examiner
faces the same challenge as when teaching becanse the task is unsighted. This makes determining
the stndent’s level of proficiency very difficult. One procedure where objective assessment of skill
would be useful is pregnancy diagnosis. The procedure is difficult, requires a great deal of practice
and is one of the commonest reasons for negligence claims against new graduates (in tarm
practice}, after ‘non-pregnant’ cows have been aborted. A prototype self-assessment version has
been developed (on the PHANToM Omui) to illustrate the technology’s polential in this avea but
further research would need to be undertaken to establish the validity of the simnolaitor as an
assessment tool. This wonld involve undertaking one or more of the steps described by Neufeld

and Morman to validate simulators used as measuring tools (Neunfeld and Norman 1985).

8.4.3 Core Skills Training

As well as providing procedure specific training, the simulator could be used to equip students
with the core skills nsed during any palpation-based examination. Tn medicine, the MIST-VR
sbnulator (Mentice 2004) has been developed to equip surgeons with the components skills used
when performing minimally invasive surgery. Training with (he simulator has been shown to
provide effective preparation for the real task {Scymaour et af. 2002, Schijven et al. 2005). The idea
of core skills training was used in the current work as a way of engaging all students, irrespective
of their long term intercsts, in the bovine training sessions, Students were informed of the
relevance of the skills they were learning to a range ol tasks in other species. For example, when
porforming pregnancy diagnosis, students were learning to judge the relative size and softness of
the two uterine homns and these particular skills are applicable (o a range of procedures, Similarly,
in the handedness experiment only two skills were assessed but, as these were core skills, the
findings are applicable to a wider range of tasks. When clinicians diagnose conditions using
palpation, they will assess, for example, the size of a dog’s prostate, the presence of a fluid
effusion in an injured joint, and will try (o idenlify different types of lump on the basis of how soft

or firm they feel (abscess, lipoma and so on),
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Research work would need to be undertaken to identify the core skills and then develop a virtual
environmeut that provided the required training. The simulations used in the handedness research
represent such an environment for the skills required to perform manual pregnancy diagnosts in
the cow. Once a complete core skills simulator had been developed, further research would need to
be undertaken to validate the teaching tool. Initially, this would involve confirming that the core
skitls had been identified cortectly. The concept of construct validity (Neufeld and Norman 1985)
could be applicd here. If a defined core skill is valid, then experts would be expected to be more
proficient at the skitl than novices. A more challenging aspect of the validation would be to
establish whether the sum of the core skills equalled the whole procedwe. If the training
environment was valid, then proficiency at the core skills should lead to improved performance
during real tasks. A well designed and validated core skills simulator has the potential to equip
students with skills that represent the building blocks for a range of procedures and thereby,

provide a more efficient way of delivering training than when teaching each task individuatly,

8.4.4 One Device: Many Procedures, Many Species

Following the success of the Haptic Cow, further simulations arc under development for other
procedures in a range of species. When students were asked if there were other procedures they
considered should be taught with the simulator, the most frequent request was tor an equine colic
simulation. Rectal palpation is an important part of a colic examination, helping to determine il a
case is medical or surgical. Ilowever, there are risks associated with performing the examination,
including causing a rectal tear (which can be fatal), and clients ure often reluctant for students to
practice on their horses. Students have few, il any, opportunities to practice prior to graduation and
therefore, providing training in a virtual environment before examining a real case would be

beneficial.

There are a range of procedures that could be simulated in small animals. A single point of contact
would be svitable for examination of the canine prostate (and a prototype has been developed on
the PHANToM Omni}. The iwo-PHANToM project conld be expanded to include simulations for
palpation of the canine or [eline abdoren. This technique is used by clinicians, for example, to
detect an intestinal foreign body or abdominal mass, to assess renal changes in older cats, and to
determine the state of the bladder after road traffic accidents. In the future, instrument-based
procedures could also be simulated by modifying the attachment to the mechanical arm and
improving the graphic representation with, for example, tissue appearing to bleed when incised

with a scalpel.
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In the long term, one haptic device could provide training for many different palpation- and
instrament-based techniques in a range of species. In addition to the procedure- and species-
specific simulations, the simwulator could also be used to teach the core skills, which form the basis
of many clinical examinations. As stated previously, the device also has the functionality to
provide objective assessment of skill. This is likely to become an increasingly important role for

such technology in the futore and could be incorporated into future editions of the software.

8.5 Conclusions

In conclusion, the thesis has presented a body of work that led to the development and validation
of a haptic simulator that provides an environment in which veterinary students can learn some of
the skills required to perform bovine rectal palpation. The work included a structured approach to
establish the requirements, while focusing primarily on the learning needs of novices. The findings
were then integrated into the design of the computer-based learning package. The validation
followed the stcps outlined for simulators used as teaching tools in medical training. The research
demonstruted that a virtual environment that was sufficiently realistic could be created using
haptic technology and that, when the range of simulations were used together with the teaching
protocol, a teacher or computer counld deliver effective training. The original challenge and
motivation had been to address some of the issnes in clinical training in the modern veterinary
curriculum. There are increasingly limited opportunities to practice and ensuring all students are
equipped with the required skills using only traditional methods is difficalt. The simulator
provides an effective supplement to the existing training and therefore, will allow students to make
better use of the limited learning resource, the cow. This will have benefits for students, veterinary

schools and animal welfarc.

In the context of stmulator research as a whole, the work represents the first time that a VR
palpafion simulator has been validated for the real task. Training resulting in improved
performance when sindents were set the task of finding and identifying the uterus in cows,
Addifionally, teaching with the simulator was successfully included in a curriculum, The work
also presented some preliminary investigations in other areas of simufator research and
development. The automated version addresscd some of the problems associated with one-to-one
teaching, The work to investigate peyceptual abilities illustrated that psychophysical methods
could be applied in a simulated environment to investigate veterinary skills, In sumiary, the
veterinary simnlator project has helped to establish the role of haptic technology in providing a
versatile and flexible teaching resource and as an environmeul in which to learn more aboul

performance, teaching and learning.
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Appendix 3.1: Interviews

Summary of the interviews conducted with four farm animal veterinary surgeons as part of the
requirements capture (Chapter 3). The interviews aimed to establish the dctails of the current
training available to veterinary students, Each interviewee’s experiences tcaching students on
larms were discussed including the problems encountered (with particular reference to novice
students from University of Glasgow Veterinary School who would be performing rectal palpation
of cows For the first time in 3™ year when embarking on their first extramural studies (EMS)). The
interviewees were also asked to consider the potential for using a simulator as a complement to
existing training. ‘The interviewer followed a series of questions to ensure all the topics were

covered, while also allowing discussions te develop to enrich the information gathering process.

Questions (used as gnidelines for the interviews)

1. What training bave students received at university prior to the first EMS?

2. Could you describe your cxperiences during the first farm EMS with a 3™ yr student:
a. What can they do?
b.  What do you let them do?

c. What problems are encountered?

3. Is the current training satisfactory?
4, What are some of the implicatioas of the current system {and its Failings)
S. If we nsed a simulator for 3 year studcats:

a.  What would be the aims of the training to prepare students for the first EMS
b. How would you teach novice students to perform the procedure/s
c.  What structures and scenarios would necd (o be represented

6. What would vou see as the advantages of snch a training environment?

The interviews were recorded and transcribed and then analysed using the method described by
Coolican (1999), which involves identifying facts in each interview and then classifying them
according to one of a mumber of categories. The researcher, familiar with the subject area, created
the categories. The analysis way performed by the researcher and an independent analyser who
was not a veterinary surgeon. The interviews were conducted in confidence and therefore, the

veterinary surgeons are not named but are referred to as I1, 12, I3 and 4.
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Categories

Current Training (relating to training available to students at the moment)

At university

they don’t get to examine any cows before final year these days (I1); (preparation for examining
cows during EMS) students haven’t really been trained at all at vet schoot (I1); (feaching before
EMS) anatomy aud physiology lectures and some lab sessions (I1); they should get some PM
tracts we did some tracts in analomy and some cows at vet school in second year, but that doesn’t
happen now (12); they haven’t had training before they come te us (I3); traditional training teaches
from text (I13); (examining cows before EMS) not any more, previously second years used to but
no they don’t get their band in a cow now (I4); anatomy and physiology in second year (I4):

n EMS

they usually follow the vet (11); we try to tell them what to do while standing beside the cow (I1):
in the parlour then there is another cow wuiting to follow (I1); try to remind the student what the
fract is like, the cervix, the brim (12); a cow that’s well in calf, then | let them feel the head so they
can get to feel something (12); in beef practice they will get quite a range (of pregnancies) (12);
(dairy practice) will be early pregnancy and fertility checks (12); if I have enough time and the
Tarm has lots of time, 1 can let them take the time to find things (12}, (on farm) try to get them to
describe where they are, what they are touching (12); (anatony) sometimes vy and remind them
of this in the car (12); (doing the first examination) get close enough, cone the hand, don’t be
afraid to push, I asually go through this in the car (12); (how do they learn) lots of cows,
eventually they work it out (I3); I try to get them to be able to close their cyes and ‘see’ where
everything is, know with your hands where to look (13); 1 talk to them aboul this (doing damage)
in the car before we get (o the farm. I tell them not to grab anything, be careful (I3); if we can put
a cow separate, the other side of the parlour they can take time (I3); once they know what to do, if
the set up permits, most students get there, sorl of the basics, if there are enough cows, but then
there aren’t (13); I do (ry to direct them.. sweep the hand from side to side (I3); it (curled up uterus
ir pelvis) is often not far in so you cun tell from their hand, how far in (13); (EMS is the first time
they examine a cow) unless they are dairy farmer’s sons. ... unless they sce practice with a home
practice that they are friendly with (I4); you want to try and make surc they do it properly... you
try and tell them how to do it vight for their confidence and you don’t want them to hurt the cow,
vou want them to take it slowly (14); let them go first... but often you go in first so you will use
that knowiedge, what I have alrcady felt, or if they go in first use the information the farmer has

i given you (I4); they spend a lot of time just walching the vet (I4); (farmers) some quite like
students learning from them (14); they are faced with the back end of a cow... they have never had
to do anything like this before (I4); I try and tell them how far (te go in) ...(14); (membrane slip) |
don’t do it (I4),

 Problems / Deliciencics

the students just don’t always get to examine enough cows during EMS (I'1}; vet thinks well I
haven’t got time to train you from scratch (I1); we can’t see where they arc, we really haven’t got
a clue where they are (11); welfare aspect (I1); the students are extremely worried about (brp),
which docsn’t help, they don’t know what they are touching (I1); (seeing it - ref PM tracts)...
they try to feel what thev see not what they touch (I1); EMS varies so much (I12); lack of time
{I12); physical aspects of the cow, especially the first time (I12); they have never done it before (12);
they are going in blind (I12); they don’t feel much at first (T2); (range of pregnancies) not in dairy
practice (I2); pretty small tracts and hard to find compared (dairy practice) (12); vets don’t have
time and farmers have other work to do (I2); teo many students and not enough cows (12); at the
moment there is no aliernative so they have to learn on cows (12); it’s difficult to help... at the
beginning it is hard 10 actually teach them (I2);
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Problems / Deficiencivs (continued)

there isn’t an alternative (70 cows)} so we have to train them this way, but perhaps we could make
better use of the cows by just training the ones who want to do farm animal work ... they all have
to do it at the moment (I12); some [ have to stop, they can be a bit rough (12); (current situation for
teaching and learning — is ir satisfactory?) not really, no, but there isn't much alternative (12);
{students don’t) find it easy to identify and describe what they feel, they really can’t seem to tell
you (I2); they often go awfully silent (12}; EMS varies so much (12); {not being able to describe)
it doesn’t do their confidence any good; quite a few of the third years ate quite shy and they really
lack confidence, that doesn’t help their learning (12); when we ure on [arm (ar first) some of them
stand back... unsure what to do next (12); (how to get their hand in) you cart’t be sure every vet is
going to tell them (I2); they have not been trained to do this (a 3D picture) and they need to know
what they are locking for to find it, they don’t (I3); they can’t find much, well even the uterus!
That’s a big part of the problem (I3); {¢hird years) find ovaries during EMS, mostly no (I3);
universities here don’t do much to train students for us and they should (I3); (ext} you cannol
teach pding like this (13); have to think about the safety (I3); have to think about the student doing
damage, grabbing things, being rongh (I3); they don’t know what they are doing and they can do
harm (I3); some try to go places they cannot go to and they don’t know they can’t (I3); some are
very cautiouns... they wont press enough to fecl anything, so they aren’t going to learn much (I3);
for the cow’s welfare T don’( Jet them spend much time even if I have time and [ often don’({13); I
have other work to do, so does the farmer (13); (becoming proficient) they need enough cows to
learn what to do but then there aren’t always enough (13); so many students and fewer cows {13);
in the early stage its dark in there (13); there is no other way to teach them that is the problem (13);
they have to usc these first cows to get to knowing how to feel something (I3); really ten to twenty
(cows) or more before they are confidently picking out the nterus... (I3); teaching them is difficult
if you can’t see, it is definitely a problem to teach (I3}; third years there is an absolute hlank there,
this is hopeless from hoth points of view, I cun’t see and they can’t tell me (I3); they don’t know
the 3D image, they don’t know what it feels like, the two horns, They have not be trained to do
this (I3); they have no seasch ideas (I13); (after sweeping to find the cervix) I don’t know where
they are to tell them to go back or forward to find this vterus and they aren’t tefling me (13);
(giving directions) that is if I am there {rear enough) to tell thern, (simall curled up uterus) il is
casy to go over it especially in EMS when the vet isn’t telling them, so they miss it (13); letting
these students loose for EMS, 1 know at the moment we do it without any training (I3); too fast to
fee] much and panic too, they aren’t used to the sensation of putting their hand in a cow, it
squeezing and the facces being there (I4); they don’t know what to do, they probably float around
in the abdomen, you know not even in the pelvis, they go too far (14); some of them don’t get their
hand in they don’t want to push... not wanting to hutt the cow (14); on farms where they go
through the crush or the parlour yon don’t have much time, .. the farmer doesn’t have much time,
he’s under pressure, so you can’t give them much time... vets charge on lime (14); (watching the
vet) they aren’t going to learn like that (I4); if the farmer has a prablem with fertility on his farm
he tsn’t going to want students to examine his cows, some worry students will damage their cows
{14); can the farmer spave the time... takes vp tihme when a vet could be doing something else (14);
there can be welfare issues... don’t want too many students examining a cow... if you see blood
on a glove you need to stop them, sometimes it’s the cow and sometimes students can be a bit
rough (14); there is no other way o teach them (I4); by the time they go to practices for EMS they
have forgotten the anatomy, it’s been 18 months... forgotlen what a uterus looks like and now

| they are trying to feel something they have forgotten about. .. anatomy it’s more about seeing than
feeling (14),
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P’roblems / Deficiencies (continued)

they are faced with the back end of a cow... they have never had to do anything like this before
(14}; this lack of training is a real problem, it means the graduates aren’t adequately prepared and
that’s a problem for the vets who employ them... farmers are less likely to want new graduates to
rectal their cow (I4); vets see the initial fraining as the universities job (14); they don’t have the
time to stand therc when the student is starting to learn... it's a real problem not every vet can
take this time (I4); (university rraining) give the students more access to cows but it’s too
expensive to have morc cows.., there are the welfare issues if you let lots of students examine one
i cow (I4); give the students more access to cows... we’d need more teaching time for this (14);
(practitioners doing all the initial training) some incentive, .. there isn’t the money... we (the
university) wouldn’t have control, it wouldn’t be very standardised (I4); (feeling the uterine
finrns) quite hard especially when the horns are a bit curled up, they loose it (14).

Simulator (relating to simulator design and teaching protocol)

Anatomical models

Pelvic brim; pelvic floor; cervix; uterus; ovaries; some {uterus) in the pelvis and also intra-~
abdominal; small uterus, maybe curled one in the pelvis, also perhaps different positions; one
stretched out over the brim and one of those tucked to one side; (uterus) a few basic positions and
variations; two horns, the dip in between the two horns; groove between the horns where they’re
still joined; vne in the abdomen. ... some in the pelvis, the one that’s curled up... they may miss
this one... often has tone which makes it imore distinct; (to include ovaries?) yes, they need all the
anatomical strucinres that are there; CL; follicle; the pelvis; cervix, it’s more solid (than the
uterus)... in the midline more or less... more reliable position than the uterus; the bifurcation...
quite distinct; (pregnancies) early and late; cotyledons, plaques like cobblestones, oating corks;
fremitus; part of the calf; (each structure listed was mentioned by one or more interviewee/s)

Teaching protocol: skills required (by novices) to perform the procedure

Finding the floor and then moving their hund along the brim. If they could find the cervix too...
then the uterns and ovaries (I{}; the pelvic brim, cervix and uteras, identifying these with
confidence (I1); recognise the basic anatomy (I1); sweep the pelvic floor and brim (T1);
identifying key lundmarks (which anes) the pelvic brim, the two tubes of the uterus (I1); how to
find things (11); becoming familiar with the uterus, feel those two bumps (I1); Tell them to cone
their (I1); getting the student to deseribe what they were touching (I1); you’il need to teach them
first (T1); another training scssion just before they examine cows if there is a while since the first
(I1); how to work out where things are in 3D (I11); just the cervix, will probably do to begin with
and the pelvic brim (I1); (#n find the uterus) cervix to uterus first, then if they can’t find it find the
pelvic brim and search based on findings there (11); first (identify) the cervix and from there the
rest of the tract (I2); get them to find the brim (I2); sweep the brim, it would be really useful for
students to be able do that; if they could tell you and with the simulator, of conrse, you could help
them get it right (12); teach first, then they repeat (I2); T don’t think third years finding ovaries is
very realistic (I2); the basics, finding the cervix, then to uterus, if not then to the pelvic brim (12);
(for third years) not the ovaries do that later (I2); training for some early-ish pregnancies (I2);
feeling the difference in the tone, non pregnant versus pregnant; really getting to feel the uterus at
this stage 3 year), focus on the uterus (12}; they need to know how to pul their hand in ..,
maybe include it in your training session (I2); having an idea of the 3D arrangement, where the
uterus is inside the cow (I3); having an idea of 3D arrangement,... know with your hands where (o
look, where it is, this is so important to be able to do it; it’s key to find the uterus, is it pregnant?
follow it and find the ovaries, they can’t do any of this until they find the uterus (I3); initial skills
are not so much pding its to do with 3D, knowing what they are looking for and how to find it (I3);
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Teaching protocol: (continued)

go forward from the cervix and find the two horns (I3); find and recognise them {cervix and
uterns) (13); 1teach them to find the cervix first, find the floor lirst, go to the bottom, go down
and not too far in... (I3); sweep [rom side to side to find the cervix then follow (the cervix)
forward, not sweeping now; stay in contact with your object (I3); that dip between the horns...
it’s the most important thing for them to feel (I3); (if don't find the cervix) gaing to the pelvic
brim, sweep it, if I find the cervix the uterus is in the abdotmen (I3); tf I don’t find the cervix
(while sweeping the pelvic brim} ihe uterus is in the pelvis, then I go back along the floor or
slightly higher (13); (sfudents) need there own search strategy (I3); train them to get their hand in
that first cow (I3); need to teach them how to find the ovaries (13); follow the uterus to (ind it
(ovary) and a CL or follicle (I3); think about the way they (CL and follicie) feel differcat (I3);
pregunancy diagnosis. .. get these during EMS right from the start (I3); go in and feel the pelvis, ..
forward then down till they feel something, then get them to say what they feel (I4); find the
pelvis [irst as it will always be therc and its hard... give them a bit of confidence. Then... fect
something within the pelvis... side to side to try and find something on the pelvic floor... then to
the pelvic brim and sweep that from side to side to see if there is something going over; need to
realisc they have to feel things, come in contact with something and work out what it is (14); I
probably go straight to the uterus, but I teil students to find the cervix, it’s more solid, they can be
more sure of identifying it us the cervix rather than a random piece of uterus. Then they can find
the uterus (14); (from the cervix) slowly Forward and going just side to side to find the uterus, then
forward to the bifurcation. .. feel round the horns (I4); stay in contact not lift their hand off;, its all
ahout feeling (I4); (for routine fertility work) the ovaries are then the important part to find. ..
follow the horn and stay close and they are near the tip (14); get them to describe. .. what their
fingertips are telling them (14); (if they can’t find anything) {ind the pelvis and then the pelvic
brim. .. come hack and go left to right as they do to find the uterus behind them (I4); (if) sweep the
pelvic brim and feel evidence of some structure going over the pelvic brim.. the cervix... the
uterus is in the abdomen... follow it (the cervix) down to find the uterus (I14); uterus might be over
io the side... come back from the pelvic brim... sweeping slowly back along the floor... should
find this one too (14); being confident it’s there and how (o find it (14); (reaching preguancy
diagnosis) definitely for going out into practice... early and late... building on the same principles
they were taught in the non-pregnant find it (the uzerus)... try and appreciate the difterence in the
feel of the horns, the sizes of the horns and feel the consistency of the horns, feeling over the
horns... (I4): (late pregnancy) feel for cotyledons, first as plaques like cobblestones, then kind of
the corks as they get bigger, the floating corks... fremitus... the calf... try and ballot the uterus to
feel a part of the calf (I4); should feel the ovary for a corpus luteum {same side) (14); (membrane
sfip) No! I don’t teach them to do that (I4); (overall) confidence in appreciating what there is to
feel... how to get there und where it might be... describe what they feel (I4); you tell them. .. they
wont know, but then let them (ell you...if you test a student who isn’t very good, it might destroy
their confidence... still be there to help them if they nced it... more likely to remember it if they
repeat it... (I4); describing whal they are doing is useful for prictice and helps them learn (I4).

Advantages / Disadvantages of using a simulater

Advantages: more confident and quicker (I1); provide them with training before EMS then they
are going to get the opportunity to learn so much more ... vet will take some time and try and
train them further (I1); (learning to describe} very heipful. I could then help them (I2); technigue
and copfidence (o be abic to say I've had some training (I2); more confidence would definitely
help (12); (telling all students how tv put their hund in during simulator training) then there wont
be some slipping through the net (I12);
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Advantages / Disadvantages of using a simulator (continued)

Advantages: (if they were trained before EMS) would let them do more, I would be a bit more
confident they weren’t going to do damage (13); if you could speed up that bit (finding the uterus})
you could actually then tcach thern more on pding (I3); very useful if they could say (what they
are doing), 1 could help them {13); (having their own search strategy) that will be very useful for
EMS... they won’t miss things as much (I3); vets might feel happier in letting students do more if
they were trained before EMS (14); students would be a bit faster and a bit more confident... got
to do more (14); when they go into practice it wont be like they are doing it [rom scratch (14);
Disadvantages: (time in the curricufum) ... it could be a limiting factor (I1); obviously it is a bit
different from a cow (14}; enough time (I4)

Other: (some diagrams as well) that would be good (I1); if you are going to train them don’t you
think you should do it [or all (13);

Miscelaneous (not relating to any of above categories)

maybe we could get some tracts in the PM room and get them to palpate them through a plastic
bag (11); an anatomy relresher would be good at this stage (just before EMS) (12); new graduvatcs
Just get the mundane work, no fertility visits and then they get despondent with practice (I4); they
still need to do it manually, there will be a limited number of scanners in the practice and say yon
are out seeing a sick cow that they then want you to pd well you’ll have to be able to do it and
there might not be a power supply (I4); the university is meant to be a teaching and training
establishment so you can see why practitioners may feel it's the university’s job (14);
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Appendix 3.2: Cognitive Task Analysis

Two veterinary surgeons took part in a Coguitive Task Analysis ((C'U'A) while performing each of
the component parts of bavine rectal palpation. The experts described the manual skills, the
knowledge basc and the factors that lcad them to decide on a particular course of action., The
information was compiled into pseudocode, which provided a template for the teaching protocol

used during the simulator training sessions.

Tusk: Find and examine the non-pregnant uterus

Steps:
* Ensure the working environment is sate for all personnel
* Insert well lubricated gloved hand with fingers coned and then arm
| * Move hand forward and down
If Uterus is the first structure found - skip next 2 sections, go to ‘once found uterus’
If not Uterus not found immediately and hand in pelvis:

» Move hand down until make contact with pelvic floor:

» Locate cervix by sweeping fingers to one side atong floor

Find nothing:

It ® Sweep fingers to other side

* Make contact with cervix, grasp between fingers and thumb and recognise as firm
and as single cylinder enclosed within hand

Uterus is in pelvis

It e Move forward over the top of the cervix, stabilised under hand and almost

immediately middle finger enters groove between uterine horns
Uterus is in abdomen

If not * Mave further forward and down over pelvic brim and into abdomen until feel
_groove with middle finger _
If mot Uterus not found immediately & hand advanced into abdomen straight away:

*  Wiih hand just far side of pelvic britn sweep from side to side
Uterns is in pelvis
If e No structure found when sweep brim
* Move to midline on brim, move caudally and sweeping lef( (o right on the
pelvic floor and bump into both horns of the uterus at the same time as two
joined ‘knuckles’
» Explore horns back towards cervix moving middle finger up groove vertically
and then over the top and caudally
Uterus is in abdomen

If not * Locate structure when sweep brim
Structure identified as double bump with groove in middle
If ¢ Uterus is on brim
Structure identified is a single cylinder and firm
Ifnot | e Cervix is extending over brim, follow forward and down to locate
i uterus
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Once uterus found:

It

It

If

If

| ®  Identify uterus by recogpising that there are 2 horns and a groove in the middle

i dorsally, middle finger in groove

= Roll round to either side to assess relative size of horns, middle finger moving
Jaterally across the top and round to sides, may or may not usc index finger as well,
thumb to one side acting as stabiliser when required, ring finger stabilises opposite
side (by placing fingers around the uterus it is easier to stay in contact - if
structures move)

¢  Move forward (middle finger +/- ring {inger) in groove to bifurcation - recognisced
as groove now running vertically and uterine horns then split
¢ Then explore one horn by moving hand from bifurcation towards tip, middle
finger (+/- ring finger) making contact with horn, moving from side to side around
circnmfercnce (o assess size; thumb not involved unless needed for stabifisation
Horn cxtends laterally
» Move to cranial side of horn, fingers now vertical and move fingers laterally
along hormn
Horn cxtends cranially
* Move fingers forward and down, fingers on top of hori and moving side to side
as advance towards tip
Horns carled under
¢ Move to craniaf side of homs, fingers now vertical and move down following
groove down, then along one horn under and back
Utcrus too big to reach full extent
¢ Attempt o move uterus back into pelvis
* Retract by using all fingers spread as a rake just cranial (o bifurcation
Unable to reach bifurcation
¢ Move back to cervix, grab and pull backwards
e Explore other hom N.B. Cne horn may be in one position e.g. curled while other
horn may be in another position e.g. lateral
* ‘While exploring horns gently depress swiface with middle (and ring) finger/s (o
appreciate wall thickness and limen content (watery fleid = pregnancy; turgid
confracting wall = oestrus; doughy and less turgid wall and no appreciable lumnen

content = diocs(rus; doughy content and thickencd wall = endometritis; viscous
fluid content = pyometra)




Dealing with peristalsis

It

1If not

If

If not

» Relax, cone hand, stop trying to palpate
Wave passes over hand
® Re start palpation
Wave continues to compress hand
¢ Gently insert tips of fingers inlw ring of contraction
*» Allow hand to advance through ring to relaxed recium
& Re start palpation
Air ballooning rectum (usaclly student following vet)
¢ Gently insert tips of fingers into ring at cranial extent of balloon
» Dincourage peristaltic wave by gently stimulating ring with fingertips
Air is evacuated
* Re start palpution
Rectumn remains ballooned OR peristalsis continues
* Consider terminating examination (for the student)

Task: Qvary Palpation

Steps:

Locate Ovary .

If Ovary is found straight away - skip next section
If not Find ovary by cxploring close to tip of horn

* Find uterus and follow round horn to tip (as for non-pregnaunt)

* From tip move hand from side to side while drawing backwards in contact with
pelvic floor unti! feel ovary between fingers and thumb as firin structure, between

almond and waknut size

Palpate ovary

* [Lixplore surface for cyclical featares, use single digit 1o explore (finger or thumb
depending on position of ovary when located) while other finger/s +/- thumb grasp

and stabilise the ovary

Repeat lor other ovary
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Appendix 3.3: Activity Implementation Chart

Table detailing the Activity Implementation Chart used during the design phase of the simulator-

based teaching tool following the conversational framework (Laurillard 1993),
In column one, a series of 12 activiries are listed for the teacher (T) and the student (S).

In column two, the teaching modes are listed. These could be: H-H human-human interaction; H-C
human-compuler interaction; and other interactions (use of other learning resources e.g.

texibooks).

In column three, the details of each activity in relation to the teaching mode are describes for
students hcing taught bovine rectal palpation (the activities that specifically rclate to the proposed

simulator-based training session are in bold).




Activity Teaching | Learning Bovine Rectal Palpation (undergraduatc)
| Mode (descriptions relating to simulator specifically are in bold)

1. The teacher (T) | H-H Anatomy & physiology lecturcs and practicals (reproduction)
describes the T describes bovine rectal palpation (at start of simulator
concept to the session)
student (S) H-C CAL packages (e.g. Holmes and Summerlee 1995)

Other Text books (e.g. Noakes ez af. 2001)
2. S describes the H-H S asks questions during lecture, lab or simulatoxr session
concept (o T H-C

) Other

3. T re describes [1-11 Teacher re-iterates points (Activity 1), responding to §°s
concept in view of questions in lecture, lab or simulator session
S’s description or H-C
action Other
4, § re describes H-H Student asks for farther clarification in lecture, lab or
concept in view of simulator session (if required)
T"s description H-C

Other
5. T sets task H-H Teacher instructs student in procedure

H-C Teacher starts Level; selects another Level or menu option

Other )
6. S performs task | H-H Student describes actions; asks for guidance if necessary

H-C Student explores VE interacting with PHANToM; develops

search strategy; identities objects palpated

Other
7. T provides H-IT T re direets; corrects movements (search), identifies
feedback on the structures
task to S H-C T selects scenarios to support learning needs of §

Other
8. S modifies action | H-H
in view of T’s H-C S repeats procedure or Level
feedback Other
9. S reflects on H-I S reflects on performance achieved, skills developed and
action to maodify knowledge
description of H-C
concept Other i
10. S adapts action | H-H S asks questions relating to technique, T describes areas
in light of T"s for improvement
descriplion H-C S explores again, if required

Other )
11. T adapts task H-IT T discusses current skill level and explains next task
goal in view of 8’s | H-C T selects same levels / another level / finishes session
description QOther o
12. T reflects on H-H T reflects on session and considers modifications to
action to modify descriptions to better support learning process
description H-C T reflects on scssion & considers changes to virtual models

& scenarios
Other
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Appendix 3.4: Simulation Model Parameter Values

Table detailing the basic models of the simulation uscd for teaching novice veterinary students to
perform boviae rectal palpation.

This part of the thesis is subject to a 3 year restriction on publication from the date of publication
of the main thesis (.e. until July 2010).
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Appendix 3.5: Simulator Evaluation

The form used to record the feedback from the nine veterinary surgeons during the evaluation of

the simulator models and the teaching protocol.

First, in Section | of the evaluation, the participants wese to assess the size, shape and feel

(softness or firmness) of each virtual anatomical model using the following categeries:
R = this is a realislic representation of the structure: a cow would feel like this

A = not quite realistic cnough: this could be better but is acceptable representation

N = this is not an acceptable representation of the structure

‘The frequency of responses is shown together with the participants’ comments and any
recommendations for changes (‘Action’). The results are presented graphically in Chapter 3

(Figure 3.5).

Second, in Section 2 of the evaluation, the participants were asked questions about the structure of
the teaching protocol (specifically designed for novice students). ‘I'hey were asked about the steps
that should be included to support the stages of the learning process and the order of the steps for

each stage.
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Section 1: Assessing the Anatomical Models

Level A
Cervix
Assessed criteria R A N
| Shape 7 2
Size 3 6
Feel 3 6
Participant Comments
Shape
Size A litde small; medium example; bit small; medium; disproportionate 10 rest of tract;
average -- they vary a lot; heifer; conld be bigger (i-a one: size good); a bit small
unless heifer; point out the range; compare the ones with different of uteri (i-a, i-p
elc); want sonme range here.
Feel Firmer than most; bit firm; need more difference to bone; bit hard; would be firm if
simall
Action | Increase diameter in some simulations and relate to real examples e.g. smatl =
heifer, large and flatter = intra-abdominal uterus ; reduce k-spring by 0.1 = a litle
softer

Pelvic Floor

Assessed criteria R A N
Shape 6 3
Size 7 2
Feel 6 3
Participant Comments
Shape | More U shapéd
| Size A little wide; possibly slightly small but QK
Feel
“Action | No change
Pelvie brim
Assessed criteria R A N
Shape 6 3
Size 6 3 |
Feel 7 2
Participant Comments
_Shape h
Size Better if could go further over; want more abdomen; want to €o further
Feel Very good, ver{usei'ul landmark for working out how to proceed
Action | Usc intra-abdominal simulation — can go further into abdomen
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Ridge at cranial edge of pelvis Include? Yes: 4 No: 5
Assessed crileria R A N
Shape 1 4 4
Size 1 i 2 6
Feel 4 3 2

Participant Comments
Shape | Too peinty, too high; ico exaggerated
Size Bit big; too big; too pronounced; too big
Fecl Too sharp; more flattened on top; not different enough from cervix; too sharp
General | More important for calving than Pding (“calf cteaver™); don’t really notice this;

prabably not for novices
Action | Remove from simulated cnvironment, may improve and include at later date.
Level B
Intra-pelvic uterus — flat (‘straight part’)

Assessed criteria R A N
Shape 8 1
Size 4 5
Feel 5 4

Participant Comments
Shape
Size OK, but cows vary so much; average OK; smallish; heifer
Feel Slightly firm; too firm make softer than cervix; bulling; closc Lo oestrus; oestrus |
Action | Leave as is and explain is heifer close to oestrns (bulling) '

Intra-pelvic uterus - flat (horn) — cylinder and sphere Yes: 6 No: 3
Assessed criteria R A | N
Shape 3 6
Size 4 . S
Feel 2 7

Participant Comments
Shape R
Size
Feel Slightly firm; bulling; best if run hand round fur side
General | Want to get under and catch in hand
Action | Use this version (horns built from cylinder and spheres not stretched sphere)
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Intra-pelyic uterus — flat (horn) — stretched sphere Yes: 3 No: 6
Assesscd criteria R A N
Shape 2
Size 1 1
Feel 2
Participant Comments
Shape | Retier as don’i slip off this as easily
Size Average
Feel A little firm
Action | Do not use this version )
Intra-abdominal uterus (horns)
Diagnosis based on pelvic sweep | i-a 9 | i-p
Assessed criteria R A N
Shape 5 4
Size 5 4
Feel 5 4
Participant Commenis
Shape | Like this cervix, wider and flatter; this cervix makes a good comparison
Size Better than other (i-p flat); usually bigger when in abdomen; moze like a cow
Feel Turgid = oestrus; make a bit softer; in ocstrus; if over brim likely (o be softer
General | Like this one
Action | Use to Leach pelvic brim as has more abdomen in simulation; reduce kspring by 0.2;
compare with small oestrus ulerus and emphasise this is more like a cow, Explain
why corvix is larger and flattened (i.c. due ta weight of uterus)
Intra-pelvic uterus — curled (horns)
Diagnosis based on pelvic sweep | i-a li-p9
Assessed criteria ' R A N
| Shape 6 3
Size 4 5
Feel 9
Pasticipant Comments
Shape
Size Small but possible; small like young, tight ones; would be small as most are in
heifers, average; heilcr; OK as heifer
Feel OK, as expect these to be firm; firm; too havd on top but OK when behind hand
General | Give students time Lo practice this one; take this one slowly, once you get it it’s very
good
Action | No changes to simulation. Emphasise typical of heifer
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Ovary {(partly in floor) Yes: 9 No: 0
Assessed criteria R A N
Shape ~ 3 6
Size 4 5
| Feel 4 5 _
Participant Comments
Shape Very regular .
Size A little big; big but correct for students learning; big but better for novice students
to find them, more difficult ones for later years; bit big but if smaller novices might
not find it so explain real maybe smaller
Feel A little firm;
General | This one is better for one finger; would really be free not fixed
Action | Use this simulation. Explain size varies _
Ovary (just above floor}  Yes: 0 No: 9
Assessed criteria R A . . N ]
Shupe
Size
 Feel
General Commeiits 1t’s difficult with the thimble; need my thumb; this doesn’t work
Action Do not use this simulation

CL

Assessed criteria R A N

Shape ] 3

Size 4 5 o

Feel 5 3 1

Participant Comments

Shape | Like the neck; flatten and squash this a bit; protrudes more than normal

Size Bit big; big but OK as example for students; average; bit big; good for sturlers; little
big

Feel Good contrast with follicle; good contrast with follicle; not enough contrast to
fallicle but neck good; bit firm; more contrast with ovary; a little firm

Action | Reduce stiffness (KSpring value) by 0.1. Explain to student is as big and

pronounced us will find. Emphasisc represents good contrast with follicle &
appreciate the neck
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Follicle (day of ovulation)

Assessed criteria R A N

Shape 3 1 ]

Size 3 6

Feel 7 ) 2

Participant Comments

Shape More sunk

Size A little big but OK a bit big unless literally about to ovulate; big but very good
| simnlation overall, OK; bit big, OK for third years if explain; bit big

Feel Very good; need a little more distinction to ovary; even more bounce; good

General | Depends which way you move your hand over it, left to right is best (if on R avary

and right hander)

Action | Explain is day of ovulation size and most follicles are smaller ;

Pregnancy
8 week

Asscssed criterta R A N

Shape 7 2
| Size 4 4 {

Feel 5 4

Participant Comrments

Shape Could bring horns closer together

Size Bit small (?&1/2), 7+ weeks; nearer 7 weeks

Feel Put a little more fluid for 8 wecks; maybe even softer for starlers? Good

Action | Decide to change description (“7 to 7 and a half weeks”) rather than model

10 week _
Assessed criteria R A N
Shape 6 3
Size 3 6
Feel 8 1
Participant Comments
Shape | Really good
Size Bit small; make non implanted slightly biggé'l-'-;—l_{l—igh
Feel Very good: can feel reduced tone and fluid; feels better than other (& weeks) as
bigger is easier with onc finger; right a bit bigger relative to left; feels softer than 8
weeks; (Good -
General | They don’t all feel exactly the same size anyway (cows at the same weeks)
Action | Be less specific with classification i.e. describe as “91/2 1o 10 weeks”™




Section 2: Assessing the Teaching Protocol (for 3™ years prior to examining first cow)

Teaching has been divided into ‘Levels’ to support the learning process

Check boxes represent suggested sequential steps, explain the steps and then decide on the
position (1 first, 2 second, 3 third ete.) of each in the overall order.

*  Level A —initial 3D orientation: cervix on floor of pelvis and pelvic brim

| Level Order: | Ist |8 | 2nd | [3rd | ] No =1 (all in Level B)

¢ Lecvel B - Finding the uterus

[Level Order: [1sr [1 [2nd [8 [3rd | |

¢ Find uterns by folfowing the cervix forward

| Step Order: [ 2sz |9 | _an | | 3rd | |

If don’t [ind the cervix or uterus search by finding brim Yes 9 No 0

* sweep pelvic brim, find cervix and go forward (intra-abdominal uterus)

fStep Order: | /st | |2;_;d EEYE _]

* sweep pelvic brim, no cervix, go back alung (loor (intra-pelvic uterus)

| Step Order: | Ist | | 2nd ] | 3rd | 9 ‘

Comments: Need to learn to how to find things; wont always find things straight away (though
vets do) so need to learn a scarch; these seem (o address the need for a logical search for students;
should feel what it is like to sweep the brim, it’s good to get the students to do this.

¢ Include other positions of uterus 3" years)? Yes 0 No 9

Other search strategies to lind uterus describe: None

Comments: This is enough for 3 years; include the bladder as they can mistake it for other
structures (uterus); adding more in 3™ year would just be confusing; the little curled up uterus is
commonly missed; the two bumps of the uterus are key and then they wont confuse it with the
bladder; you don’t need any more uterine positions for 3" years; the positions you have are
enough; add in one curled under in the abdomen for later years; the pelvic brim is helpful, students
can use ii to work out what to do, clieck for the cervix.

* Level C - Pregunancy diagnosis hiclude? Yes 8 No 1
{ Level Order: | Ist | | 2nd | | 3rd |8 |

Comments: Do include an obvious / casy one as it wounld give psychological encouragement and
it’s good to contrast with the non-preguant; include as will probably do some even in first EMS;
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good to learn this in a controlled environment; No — too much to take in unless do as another
session; they would be safer feeling aficr being trained here as I'm not keen to let them do this at
the moment; include some notes given out before the session, some visual aids during the session
and include an approach (o the cow

Teaching Session Structure

® 'cacher instruct student Yes 9 No O
» Student explore on own (before instruction) Yes O No 9
® Student explore on own (atter instruction) Yes 9 No @

Discuss / Comunents:

They'll need to be tanght how to use the device anyway; definitely get student to describe (o you
what they are doing as if they could do this during EMS T think it would make it much easier for
me to teach; they need to be taught because they don’t know what to do and with the simulator you
can lell them step by step; they should practice after being tokd so that they can see if they know it
and the teacher could help correct any problems; it would make them think about what they are
doing and fecling and build vp that all important mental picture; students cxploring on their own
first wouldn’t work that’s the problem now and you want to have your hand in with themm! Seeing
what their up to, helps a lot! 1’d use this to teach them a search pattern so they’d know what to do
in the cow, then try on their own and you put them right again.

Level A —initial 3D oricntation: cervix on flogr of pelyvis & pelvic brim

¢ Protocol 1 Yes 9 No 0
*  Down to find floor

[Step Order:  [Ist |9 [2nd [ 13rd [ ]

*  Side to side on floor to find cervix in the midline

[ Step Order: [ st | [2rd |9 | 3rd ] ]

* Forward along floor to find brim

| Step Order: | Ist | | 2nd | 1 3rd 19 ]

Comments: it’s important to get them to move their hand down as it’s all vnder them

¢ Protocol 2: Yes O No 9
Down to find floor
Side to side along floor to find cervix
Forward along floor (o find brim

o Sweep to find cervix (as if i-a uterus)

o Sweep to {ind no cervix (as if i-p urerus)

o Sweep hand to fee] ridge on pubic symphysis Yes 1 No 8
Comments: could include symphysis but not 3% years; this (Protocol 2) would confuse 3™ years;
Protocol 1 is more in context to what you do; this (Protocol 2) would confuse them.
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¢ Protocol 3:

Yes O No 9

If 1 and 2 are not considered correct, describe other......

Level B - Finding the uterus

Flat uterus

* Protocol 1:

Yes O No 9

Hand straight to uterus (forward and down from just inside vectum)

¢ Protocol 2:

s Protocol 3:

Yes O No 9

Develop a search strategy to locate uterus
Do not train 3™ year students to explore rest of uterine horns
Do not train 3™ year students 10 lind vvaries

Yes 9 No 0

As Level A to find cervix
[ Step Order: | Zst |9 | 2nd | | 3rd | |

Find body by tmoving forward in midline as sweep left to right over cervix
Sweep left to right over body to lamiliarisc with ‘00’ shape

[ Step Order: | Zst | [2nd |9 |3rd |9 |
Train 3" year students to find rest of uterus and ovaries Yes 9 No 0
Follow a horn to tip (or another method? Ycs No 9)

[ Step Order:  [1st {9 | 2nd | | 3rd | |

Locate an ovary, exploring close to the tip

[Step Order: [ st | [2nd |9 T3rd ] |

Palpaie a CL or follicle, appreciating the difference  Yes 6 No3
[ Step Order: | 1st | { 2nd r | 3rd”| [

Comments: Impress on students that uterns is attached to cervix and distinguished by the two
bumps (not the bladder); need two fingers for feeling ovaries, make them aware ovary not smooth
- has a structure on it; don’t teach ovarian structures to 3™ years; wounld make better use of EMS if
could find ovaries; should train students to find the uterus i.e. not Protacol 1 as they wont do that
{straight to uterus); feeling CL — not at this stage; students can’t relate uterus to spatial 11) so wont
2o straight to uterus unless very obvious so need search straiegy; the double bump of the uterus is
very important; feeling CL etc not feasible in 3 year; good to teach to find ovaries at this stage as
will give them time to learn this: use cervix and forward first as if go pelvic brim and back may
find bladder first; [ollow (he uterns round to the ovaries and then you wont miss something in the
uterine horn - like a pregnancy; probably quite often go straight to the ovaries but students wont do
this and shouldn’t at first, they need (0 examine the uterus too and learn each step.

* Protocol 4: Other techniques
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Comments: further into cow and then come back; pull uterus back (retract) not 3™ years but nseful
for 4" years onwards; I tend to go forward and rake back first but probably best to get students to
go forward from cervix first; we need to teach techniques, it’s probably random at the moment.

It dor’t find the cervix or uterus — learn search strategy

Intra-abdominal uterus
* Protocol 1: Yes 9 No 0

* Start by sweeping pelvic brim to {ind cervix
» Follow forward along cervix to find horns

* Protocol 1A: Yes O No 9

Start by sweeping pelvic brim to find cervix
» Move down abdominal wall and sweep side to side (o (ind horns

* Protocol 2: Yes 7 No 2

Set up so don’t / can’t find uterus (not there)
Sweep along floor to pelvic brim, then add cervix and uterns
Sweep pelvic brim and find cervix (just have cervix over then add i-a?)
Follow forward along cervix to find horns  Yes 6 No 1
Move down abdominal wall, sweep side to side to find horns

Yes INo 6

* & & ¢ @

Comments: Getfing lost is what is happening in the real cow which is why training students to
develop a technique is so important.

Intra-pelvic uterus — curled
¢ Protocol i-a 1: Yes 0O No 9
* Start by sweeping pelvic brim to find cervix

e Protocol i-a 2: Yes 9 No 0

* Sctup so can’t find uterus (not there), find pelvic brim then sweep.

Then:
¢ Protocol 1: Yes 9 No 0
* Sweep pelvic brim ~ nothing
Come back in (pidline along floor
Ieel uterus curled behind hand
¢ Protocol 2: Yes 0O No 9

Sweep pelvic brim — nothing
Move hand up and much further back until nearer caudal pelvic inlet
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* Move down to find cervix or uterus on floor

s Move {rom side to side

* Then gradually move forward as sweep Ffrom side to side to find nterus
Comments: Don’t do Protocol 2 as they’ll just miss it again

Pregnancy diagnosis

*  Technique (first trimester)

o Membrane slip Yes O No 9
o Sweep hand from side to side Yes 9 No 0
o Other:

Ballot the calf (12 weeks plus); tap ii; ballot as go along horn; batloting; tap

Comments: Membrane slip: might cause abortion even if trained don’t think students should be
doing this; arguably safer if were trained in stmulator but I still wouldn’t let them do it; not safe
for students to do; if you trained them they might start doing this on their own — vot a good idea;
too dangerous; might squeeze too hard even if trained in simulator; dungerous

s  For early pregnancy diagnosis, the following are arranged in order of importance:
Size (implanted versus non implanted horn)

Fluid content (implanted versus non impianted horn)

Wall thickness (implanted versus non implunted horn)

4 Softness (non pregnant versus pregnant)

f.all\J:—-

Other: CL same side as pregnancy; softness is not specific cnough to be diagnostic; compare
softness of pregnant with involuting uterus; compare with endometritis — doughy soft rather than
[uid.
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Appendix 4.1: ‘On Farm’ Instruction Sheet

General Points

¢ Before you start: short finger nails and rings off.

*  Use plenty of lubrication.

s If vou are having problems reaching the cow: ask for a crate to stand on.

Instructions hefore start:
®  The experiment aims to assess the effect of two teaching mcthods:
o Simulator training (Group A);
o Traditienal training only (Group B).
The experiment is not assessing individual student performances per se.
You are to perform bovine rectal palpation on 4 non-pregnant cows.
The aim is to try and locate the aterus.
You will have up to 5 minutes to examine each cow.
You will have an ultrasound probe attached to the palm of your hand with adhesive tape for
the doration of the rectal palpation.
You will examine two of the cows [irst and twa of the cows second i.e.
o you will have your hand in before the other student for two cows
o you will follow the other student for lwo cows.
When vou think you are palpating the uterus tell the researcher who will try to confirm
this while viewing the ultrasound screen (this will not be visible to you).
The researcher may ask you to move your hand around over the uterus to aid identification.
Once you have located the uterus or the 5 minutes is up, the examination will terminate.
The researcher will use a tape recorder and will describe the experitent proceedings e.g. cow
ID, student group ID, unexpected events cic.
The ultrasound trace will be recorded on a video.

To start

e Cone your hand, then push through the sphincter to insert your hand into rectum,

There will be a brief pause at the point when your hand is jost through the sphincier for the

researcher to start the video recording.

During the examination

» Continue Lo insert your hand into the rectum so that part of your arm passes through the

sphincter.

Now start to (ry and find the uterus.

H the rectum is dilated with air (ballooning), infarm the researcher. Do not remove vour haad,
gently push your hand forward until you feel a peristaltic wave pass over hand. The wave of
peristalsis will push the air out enabling you to feel.

e If the cow strains and your hand is constricted by peristalsis do not take yvour hand out. I.et the
researcher know what is happening, relax, leave your hand where it is and let the wave pass
over your hand - then you will be ablc to feel again.

*  During the examination do not remove your hand from the rectum until the researcher tells
you to. However, if at any stage you wish to tcrminate the examination inform the
researcher.
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Appendix 4.2: Time Data

The table shows the time (in seconds) taken by students in Group A (Al to A8), simulator trained,
and Group B (B1 to BS), traditional training only, to locate the nterus successfully (as verified by
ultrasound). There were 18 successful identifications in Group A, one in Group B. The blank celis
in the table represent the examinations where the student was unable to find the uterus wilhin the

time allowed (5 minutes) or where the identification could not be verified by ultrasound.

lsﬁ]‘:i‘:';’ st | 2nd | 3rd | dth | | S:;‘:;Zm’ Ist | 2nd | 3ed | 4th
Al (55 Bl

A2 165 | 218 | 238 | B2

A3 85 |45 |B3

Ad 45 | 1157147 [ B4

A5 120 |57 | BS

A6 54 |91 |93 |B6

A7 77 68 B7 758

A8 81 | 221 B8
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Appendix 5.1: Questionnaire 1

The questionnaire was used to collect information aboul students’ experiences prior to the

simulator training and to gather feedback on the training session (69 questionnaires were returncd).

The number of responses (for each category, for each question), are shown in bold.

Number of students participating in training = 94 / 97 (47%)
Questionnaire return rate = 69 / 94 (73%)

Part A: Background Information

(please tick or fill in the relevant box/es)

1. How many cows had you rectalled before training on the haptic device:

None

1-5 6-10

11-25

26 - 50 > 350

14

19 7

17

5 7

2. It you have you rectalled cows, was this af:

Vet Schuot

During EMS

On farms other than at_vet school

or during EMS

3

48

17

3. What has comprised your training for bovine rectal palpation (tick one or more):

Leclures

In vitro tracts (in the anatomy lab)

By vet while on farm

48

31

47

4. If you had rectalled some cows before using the haptic device, approximately how often have

you found :

Less than % of the | Between Ysand % of the | More than % of the
time time time
The uterus 29 22 4
‘I'he cervix 15 23 17
Pelvic hrim 11 21 23
Ovaries 54 X

5. How confident are you at performing bovine rectal palpation ai the moment?

No confidence Little Some Confident Very Confident
whatsoever confidence confidence
15 35 17 2 i 0
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Part B: Simulator Training Session

Please tick a box in response Lo each of the following statements.

Strongly ] , . Strongly

Statement agree) Agree | Neutral ledgf?e Disag%ce
Haptic training provided a useful '
scarch strategy for locating parts of the 57 12
bovine reproductive tract.
Haptic training increased knowledge of
the feel of key struciures e.g. the 32 34 3
uterus
Haptic training increased knowledge of

p o 46 23
the relative position of key structures,
Guidance (provided by the teacher)

. i 60 9
_was helpful during haptic training.

Haptic  training  increased  vour
confidence i0 perform bovine rectal 43 24 1 1
palpation.
Ilaptic  taining  increased  your
confidence to perform pregnancy 25 I 36 7 1
diagnosis. |
7. Which anatomical structures are you confident that you have identified:
(Please complete one or bath columns as appropriate to your EMS experience).
Anatowmical Structure Bcefore haptic training During haptic training

Did not identify confidently

Cervix

Pelvic Floor

2/69

Right Ovary

2

Uterus(siraight part, joined cylinders)

“Follicle

Pelvie brim

Corpus luteum

Left Ovary

An eight week pregnancy

=R i1 W |t
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8. The time allocated for the teaching session was:

Much too long A little long About right A little short Much too short
34 34 1
Comments:
9. The speed at which the training session was conducied was:
Much too slow A little slow About right A little fast Much too fast
60 9

Comments:

10. The simulator training session was helpful for learning bovine rectal palpation.

Strongly agree

Agree

Neutral

Disagree

Strongly Disagree

54

15

Comments:
See Appendix 5.2

1t. Would you like to use the bovine rectal palpation simulator again?

62 Yes

Explain....

See Appendix 5.2

No

5

Not |2

12. Any othet comments you would like to make? (Please write below)

See Appendix 5.2

sure

Thank you

e et e




Appendix 5.2: Comments from Questionnaire 1

Comnments from Question 10
The simulator training session was helpful for lcarning bovine rectal palpation.

Stmngi§

Strongly agree Agree Neutral Disagree Disagree

54 15

Definitely as T was able to be gnided so I knew exactly where I was within the cow and what I was
feeling as from previous experience I felt pretty lost.

V. good!

‘Without the haptic training course I don’t think [ would cver be really confident that I was feeling
the structares I thought [ was feeling.

It was useful to learn the feel of single sttuctures but T felt the dimensions were not very realistic
compared to actual cows 1 have rectalled. (1-3).

It was helpful to have someone able to guide and tell you what you are meant to feel and where.
The main advantage was to be given a seurch strategy which I had not been taught previounsly.

As T havc never attempted this in a live animal I can’t be sure exactly how useful this will be. At
least I should know what to look for and where it should be.

Gives you an idea visually in your hecad and helps you “see” where stuff is with your fingers,
Anatomy helped as well (a little) but more importantly it is in your imagination.

It was very helpful that tutor knew where your hand was and conld goide you to structures.
Excellent!

Seems to provide a useful stepping stone between lectures and live cows,

It was useful in establishing a method and strategy for performing rectals. May lead you into a
false sense of security though because no faeces and no contractions. Needs to be developed to
include older pregnancies.

I still think in life it will be very different (faeces in rectum, cow straining against yon etc.) but
having never rectalled before I think this very much helped me gain an impression of anatomical
relationships, textures ta expect and helped give a methodical way of cxamining the repro tract per
rectum. I think I will feel a lot more confident now when I rectal my first live cow.

The session was good for being able to identily anatomical structures that were less clear prior to
this sessiow.

Very good for identifying landmarks ~ it’s very useful for someone to tell you what you are
feeling as you are feeling it. I feel that the next time I do rectals in a real cow I will be able to
locate structures much more easily.

A very useful teaching medium, good to have one-on-one tuition.

Uselul for leaming topography of a rectal exam, and where to look next if you can’t find anything.
The training was good but [ think would be much more beneficial if there was a possibility of
using two or more fingers for contrast/assessment of size of structures cic.

Excellent - T feel much more confident about trying it on EMS now.

Excellent — very clever way of learning!

I T hadn’t used the haptic cow then I would have no idea what kind of textures to feel for in the
real cow and therefore learning to rectal would tuke much longer.

As it’s impossible For the vet to see what a student is doing inside a real cow this is the perfect
means to direci them and know that both student and tutor are talking about the same structure,
During EMS it is possible to miss certain structures such as ovarics so that experience feeling
these is limited. The training session gives an opportunity to identify structures with certainty.
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1 feel I will be more able to make use of any time I may spend doing rectal palpation on EMS as [
have an idea of what to look for,

It is very nseful to have it all fully explained to you. Also as your position in the cow can be
monitored all the thme they can help you — tell you where to go and what exactly you are feeling,

I found this session extremely useful and enabled me to find structures that I hadn’t felt — showed
me how to look for them.

Very useful, but it does take some getting used to. Strange just feeling with your lingers not your
whole hand,

Vet willing but v difficuit to explain feel of structures in words. Now feel mach more confident in
explaining whexe 1 might be so vet more abie to help in future and I can get some practice!

This session ahs certainly greatly increased my confidence and I look forward to putting it to the
test next EMS period.

Structures all felt a bit solid. Think soft tissue structures are more squishy and less defined in
amongst all the other structures when you are actwally inside a cow,

Very useful. perhaps shouid be brought in earlier so as to catch early EMS.

It was very useful having someone guiding you who could see wherc you were, because even
though vets try and guide you it’s not always easy (during EMS).

I found the haptic training session very useful, and it gave me much more confidence with the
cows I've reetalled since! Thank you!

In an incredible way it gets your touch receptors reconnected to your brain. I think the more you
used it the better it would be. It would be great to use it alongside a rcal cow of similar pregnancy
stage, age, size cte. so you could be guided by computer then practice in the rcal cow.

I found the haptic cow v. useful with the feel and texture of areas of the tract, pelvis etc.

The haptic cow training session was very useful. Additional sessions throughout the remaining
two years would be useful — suggestion that these sessions constitute unknown scenarios i.e.
student actual diagnoses therefore ullowing evaluation of performance by student / tutor

Feel more confident now when going out to PD.

Having confirmation that I was touching the structures that I thought [ was, was extremely useful,
Definitely very helpful. Would feel more confident when performing rcetal examination on a real
cow!

However L bave limited experience to compare it to the real thing!

An excellent learning tool and should be developed as much as possible

VERY USEFUL!

After having uscd the simulator I feel more confident about doing a rectal exam on cows. Now
knowing what the structures shouid feel like.

It would have been useful to get more experience and spend more time feeling ovaries. Also
possibly carruncles, membrane slip if possible or fremitus?

Very useful for learning to perform palpation in a systematic way.

This would be really usetul for students before starting clinical EMS as how to begin the pracess
and carrying it out logically is useful to know before the real thing.

Very good and a very good patient instructor who gives you confidence,

Very useful for getting to know basic landmarks and using the scnse of touch.
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Comments from Question 11
Would vou like to use the simulator again?
Yes = 62, No = 5, Not sure = 2

The comments from those who wanted to use the simulator again:

It might be useful to go back to the haptic cow after doing some rectals in cows.

For repetition to ensure the feelings and locations stay in my mind.

Definitely!

Possibly to keep practicing intermittently.

Becausc it allows time to reinforce the tonch sensation in a conlrolicd environment where you
know what you are feeling.

T think it would be uscful to use the simulator again after I have rectalled some actual cows to be
able to apply whal I have learnt and discuss any problems I had in real cows.

It would be good to use to keep refreshing your memory as it is easy to forget during terms
between holidays.

Repetition always helps me to learn.

Not sure — would like to go and rectal cows now then possibly come back and use it again
depending how I get on.

I would like to practice on live cows as well because doing a live rectalling is quite different from
the “mechanical” cow — sight, smell, sound peristalsis. If scenarios in the BRPS get more
challenging (i.e. set questions that you’d ask yourself if you found such and such a thingy where) I
reckon it would help to reinforce what we learn in reproduction lectures as well.

Helpful in building confidence.

‘Would be good 1o repeat hefore farm animal EMS,

To gain confidence in decisions.

ITaving not rectalled before the more practice the better.

I found it very useful and a relaxed learning environment — wasn’t under any pressure from
farmer, cow, vel cte. Could really think about where everything was and what it felt like.

It would be useful to use it again hcfore going out on farms to PD cows just as a review,

I think its something that you can’t reaily do too much,

Not sure — depends how well I get on daring xmas EMS.

Would be good to use again once T have rectalled some more cows during EMS to confirm what
am feeling in live cows.

It is very good practice as it correlates well with my knowledge of EMS.

If T do get the opportunity to do some on EMS and T have problems — then it would help to go over
things on the simulator.

I would like 1o use it again closer to an EMS placement so it is fresh in my mind before rectalling
a real cow.

One go is enough to get used to the device and get a good idea what it’s all about. It would be nice
if I could have a few goes withount having to be talked through what 1 am feefing.

I was aware that time was short and practise can only improve my rectalling skills.

I think it would be useful to try to identify the unusual positions of structures ¢.g. ovaries and
uterine horns if this could be available.

Will be useful to practice with especially after doing a real rectal palpation so that can remind
yourself what it feels like.

Extremely beneficial.

Possibly after going rectalling some real cows again it may be good to come back to comparc and
straighten things out in your head!?

Having got used to the machine I feel would get a lot more out of it. But overall it was a very
useful exercise.

It would be very useful immediately prior to farm EMS.
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Confideut with cervix, nterus and pelvic brim but I felt Ineeded a little imagination 1o be confident
feeling follicle or CL, so with a little more practice may become more confident with this.

Ta confirm search strategies which are uscful. To be more familiar with the machine feeling and
how the haptic device works.

Practise, practise, practise.

Having had minimal experience, I found it extremely usefnl.

It would be very useful to do before doing EMS on a mixed practice.

Practice makes perfect! More confidence!

I'd like to familiarise myself better with it,

I would like to try what I learnt in real cows and then reinforce these again with the haptic cow.
Any practice is good! It would be usefut to run through it all again, get it fixed in my head.

But without instruction i.e. have a scenario programmed in and then tell the instructor my
interpretation of it.

Would like to feel moie situations and perhaps revise Pding and the feel of follicles and corpus
lutenm.

Before f go on EMS to large animal practice or the Cochno farm,

Would be useful before going on EMS.

The more practice the better!

Although after using it once I would rather try it on some real cows to see if I could still feel the
structures.

Just Lo go over everything again to be more confident

To increasc my confidence about going on EMS and being able to actually identify things, to use
the stmulator again would be great!!

It would be useful to have « little bit longer to really familiarise yourself with the stractures and
maybe have a refresher session later this year or nexi.

I'would like to spend maore time feeling ovarian stroctures.

Because it was very helpful and gives you more confidence when having to do it in front of a vet
or farmer as youn have some idea of what you are doing. It puts you a step ahead of people who
haven’t done it.

Maere practice would further increase confidence at this technigue.

Gives confidence to try it in EMS. Would be good to feel different stages of pregnancy.

The comments from those who did not want to use the simulator again (5 students):

(the number in brackets, after each comiment, 1s the number of cows cach student had examined
before simulator training)

Would like Lo apply what I ve learned in real cows (>50).

I feel its benefits would be greatest before having done a large number of cows in practice and
then you need to deal with facces etc (>50).

It was useful buil obviously practice on real cows is more important, Having said that a refresher
course before EMS would be good in an ideal situation. Having the handowt for revision is very
useful (1 - 5).

Not at the moment, but il 1 streggle at rectal palpation during EMS I may wish to give it another
go (11 —-25).

Think I have gained all T can from it. Need some live cows now (11 —25).
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Comments for Q12
Any other comments?

I had no knowledge of the technique before this session. I now feel confident to try a rectal
examination in a reul cow and to locate and palpate the important structures.

Short but uselul scssion. Think it will help in actual cows as you are never sure that what you are
feeling is actually what you think it is. This way by being able to identify certain landmarks you’ll
be able to tell that you are at least in the right arca rather than searching around a huge areal!

1 feel the haptic cow is useful because on the favm in EMS T always feel the pressure of time, the
vet has to get on with the PDing and you don’t really get the time to be tanght properly. Tt helps
that the teacher can sce what you’re doing.

Much easier than real cows (hence good for inexperienced such as myselt). It felt easier becaunse
there was no rectal wall to feel through as well — easier to discern between different structures and
textares,

Extremely helpful and really increases confidence.

‘What about fat or thin cows and the different affects on being able to rectal. What about other bits
of anatomy, other than the repro-tract.

Thanks very much 1 found it very useful and definitely helped me.

Before the practical I know U have felt lots of different structures but only when explained how
they should feel. I know my confidence and also a strategy for when U can’t feel anything as to
what to do.

Very helpful to have some time to appreciate basics of rectal examination especially on individual
basis. 1 think it really helps to have at least tried a rectal cxam on a real cow first, so you can
translate what you feel in haptic cow back to real cow.

More finger vnits, understandably expensive but would complete experience,

1t did help. Thanx,

I'd like (o try the simulator adjacent Lo a live animal to (with similar tract/stage etc.) just to verify
that what [ was feeling in the simulator was indeed what I was feeling in the cow.

In vitro tracts arc absolutcly useless.

For the available time the session was very informative.

The haptic cow is an excellent teaching device.

The more life-like the befter it will be. Excellent overall.

Excellent program — would be especially useful for lower years wha have not started clinical EMS
to give them some confidence and understanding of the technique,

Maybe good if there was some visual element incorporated e.g. scanning screen picture as wonld
be able to relute more to what you are feeling at the time.
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Appendix 5.3: Questionnaire 2

The questionnaire was used to gather feedback on the training session after the students had

undertaken the next extramural studies on farms with veteripary surgeons (50 questionnaires were

returned). The number of responses (for each category, for each question}, are shown in hold.

1. How many cows have you rectalled since the simulator training scssion: (tick relevant box/es)

1-5 6- 10

11-25

26 - 50

> 50

4 _ 7

15

18

6

2. How long was it between your simulator training und the next time you rectalled a cow:

Next

Between 2
day & 7 days

Between | wk
and 1 month

Betwee:
1 & 3 months

n Between

3 & 6 months

1

6

32

11

More than
6 months

3. Since simulator training where have you examined cows (tick one or more):

Vet School

At Lanark

Durtng EMS

On farms other than at vet
school, Lanark or during EMS

2

4

47

4. After the simulator training when examining cows approximately how often have you found:

Less than % of the | Between % and 7 of the More thim % of the
time time (ime
The uterus 2 16 32
The cervix 5 11 34
Pelvic brim 3 2 45
Ovarics 24 21 5
5. How confident are you at performing bovine rectal palpation now?
No confidence Little Some Confident Very Confident
whatsoever confidence cenfidence
7 33 9 1

6. Could you rate the effect that simulator training had on your confidence:

Greatly decreasced
confidence

confidence

Stightly decreased No

eftect

Slightly increased
confidence

Greatly increased
confidence

2

41

7
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Effect of Simulator Training

7. From your experience examining real cows after simulator training could you classify your

response to the following statements:

Statement

Stron ely
agree

Agree

Neutral

Disagree

Strongly
disagree

A. Simulator training had improved your
ability to orientate inside the cow

15

33

1

B. Simulator training had improved your
ability to fingd the nterus when examining
real cows

35

C. Simulator training had improved your
ability to identify the uterus (i.e. you were
ahle to recognise the vterus when you
palpated it) when examining real cows

D. Simulator training had increased your
speed finding structures when examining
real cows

21

20

E. Simuvlator training had improved your
ability to locate the ovaries when examining
reul cows

18

15

10

F. Simnlator training had increased your
overall confidence 1o perform rectal
palpation

11

28

G. Simulator training had increased your
overall confidence to perform pregnancy
diagnosis

13

20

8. Which anaiomical strisctures are you now confident you can identify when examining the real

cCow:

Anatomical Structure Yes No
Cervix 3/50
Pelvic Floor 0
Ovary 29
Uterus (straight part, joined cylinders) 4
Follicle 40
Pelvic brim 2
Corpus fuleum 3
An early pregnancy (e.g. between 7 & 10 weeks) 34
A more advanced pregnancy (e.g. between 4 & 9 months) 10




9. The handout notes were helpful.

Strongly agree Agrée Neutral Disagree Strongly disagree
7 40 3

10. ITaving examincd cows since the simulator training session cowld you categorise you response
Lo the following statement:

“The stmulator training session was helpful for learning bovine rectal palpation’

Suongly ugree Agree | Neutral Disagree Strongly disagree
16 29 | 5
Comments:

See Appendix 5.4

11. After the initial simulator training session have you had s chance to use the Bovine Rectal
Paipation Simulator again®? Yes 6 No 44

Wonuld you still like toflike to again?  Yes 48 No 2 Not sure 0
12, Any other comuments you would like to make? (Please write below and / or overlear)

See Appendix 5.4

Thank yon
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Appendix 5.4: Comments from Questionnaire 2

Feedback after examining cows after first training session and after the next EMS
50 questionmnaires returned

Question 10. The haptic training was helpful for learning bovine rectal palpation

It helps but out in the field with a busy vet and farmer it can sometimes be a bit rushed but some
vet / farmer combinations did give me time with each cow.

Yes, although it doesn’t prepare you for the actual rectal examination conditions i.e. peristaltic
waves etc. And gives no idea of the delicacy or moveability of the rectum or uterus and aterine
horns.

Was helpful in familiarisation with strnctures present in pelvis bat was quite different once had
hand in a cow!

Not so wuch pressure involved,

I believe I wus better at pd than I would otherwise have been but the real cow pushes your hand
out and cach uterus is in a different position making it dillicult to locate the uterus and ovaries in
many cascs.

I think it felt quite different but I felt that I could approach the situation in a systematic way with a
list of check points to work through so felt less intimidated and under pressure.

As it was 10 weeks from doing haptic cow until EMS T had forgotten a lot and it was not as usefu)
as I had hoped.

It was very helpful being able to picture the positioning of everything inside the cow, but
everything is mobile and full of faeces, I found it more difficult in real life.

Really helped me oriontate and ask stupid q’s that are too silly to ask the EMS vet.

It gave you an idea what structures you were feeling.

I found the haptic cow to be VERY helpful. It is one thing saying to someone what you can feel,
it’s another having someone confirming/correcting what you think you are feeling — Thank you.
It gave me a bit of confidence but in EMS you are pushed for time and they often use the scanner.
Still not too sure about ovaries though and if you were using two or more fingers it might be
easier.

I think it is realty useful thing for people who have had a limited past experience of rectalling. My
answers awen’t meant to indicate the cow is not good (>50 after, SD orientation, D identify uterus,
D speed, SA ovaries, N rest), only I’ve done quite a lot of rectalling before/after - the practice for
inexperienced people is I think a good thing. The notes were a good thing — good information.
Think people who haven’t done much rectalling may be led into a false sense of security ~ no
contractions, no fasces, no other structures in the way! Think this should be explained to students.
The haptic cow was great and really helped but in a farm situation (real cows) T found a Jot more
difficult.

Gave confidence to have a go.

It guve you an idea what structures you were feeling

[ found after doing the haptic cow session that I wus 4 ot more confident and couldn’t wait to
rectal a real cow. But when Idid I couldn’t find structures as easily as I thought I would and it was
very different. I was disappointed by this and my contidence has decreased due to this.

Useful in developing a search routine/ technique but I did not feel that it actually felt very much
like a real cow but a very good introduclion to rectal exams.

Search strategy was useful. Palpation of other structures that were in way in real cow was very
different to haptic cow.
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Question 12. Any other comments

Not only does haptic training help my confidence with rectal palpation but also gives me a
strategic approuch when performing palpation in small animals as well.

Need real practice to put skills learned to use!

It helps but out in the field with a busy vet und farmer it can sometimes be a bit rushed but some
vet / farmer combinations did give me time with each cow.

The haplic cow was helpful for its search strategy before actual rectal examination. To have some
experience beforehand was very useful. It gave me something to start from rather than not having
a clue!

Things felt fine on the haptic cow but when I was rectalling after this I still wasn’t sure about somc
structures

Obviously it is much harder to palpate the live animal as each is individually different, how fat
they are, location of the uterus cte. but the haptic cow is good for identifying landmarks.

Perhaps you could explain to EMS how you teach us?

Previonsly to haptic, I would wave my hand around wildly inside the cow and nod my head
quiely when the vet questioned what structures I was feeling — now 1 know what to Jook for and
what it feels like, even if I don’t always find it first time around and T'm more confident explaining
where I might be to the vet. Thaoks.

I found rectalting a real cow quite difficult as they tense up so it was quite difficult to feel!

1 Found the haptic cow very good but disappointed with the ussociation with the real cows.

Not used to uterus feeling different at difterent stages of pregnancy e.g. 4 -5 months compared
with non pregnant (qualifying answer category ‘neutrul’)

Ovaries — confusing these with other structures

In EMS Ididn’t have time to look

Prcegnancy — some very far forward into abdomen — more reuch!

I’m contident now (if given enough time)




Appendix 5.5: Second Training Session Form

The form given out 1o students prior to the second training session with the aim of gathering
information that would be used to customise the session to the individual student’s Tearning needs.

A second (raining session will be offered to students who wish to use the simulator again. This
session will be customised for each individual student, will last about 20 minuntes and will take
place on Tucsday or Wednesday afternoons this term.

e Please read the entire list below before making your selections.
The aim of the training session is to concenirate on areas that you consider would be most

helpful.
® As many as possible of your selections will be covered within the time limit.
Please select from the list below Matric No. (email) ..coovvivnerricnnrinnnne.
Please prioritise your choices by placing a number in the hoxes:
*  jf localing the non-pregnant uterus is your main priority put 1 in the box
¢ if identifying normal ovarian structures is your next priority put 2 in the box and so on
s if you do not want to cover a particular procedure e.g. “identifying abnormal ovarian
structures” — leave the box blank

E Repeat the first training session

Locating the non-pregnant vterus in different positions

Locating ovaries

Identifying normal ovarian structures (e.g. corpus luteum, follicle)

Identifying abnormal ovarian structures (cysts, anoestrus)

[ O O

Pregnancy diagnosis {early i.e. 7 — 10 weeks)

.

Pregnancy diagnosis (more advanced stages)

Part of the training could be run in a manper where you are given a typical ‘on [arm’ situation and
asked to solve a problem e.g.

Farmer: “This cow was scived 7 weeks ago but she might have been bulling last week”

Would you like this approach to be part of your tratning session?

[ ] Yes [} No

204

1
|
i




Appendix 5.6: Questionnaire 3

The questionnaire was used to gather feedback after the second simulator training session (43
questionnaircs were returned). The number of respouses (for each category, for cuch question), are

shown in bold.

Number of students participating in training = 54 / 97 (56%)
Questionnaire return rate = 43 / 54 (80%)

1. Could you respond to the following statements:

Strongly . . Strongly
. -al - .
Statement agree Agres | Netra Disagree disagrce

a. 'Xhis training session increascd your
overall confidence to perfortn bovine 27 16

rectal palpation.

b. This training scssion increased your
overall  confidence o perform 18 .25
pregnancy cliagnosis.

2. If yon chose to practice some “on farm scenarios” during the training session e.g. where you
were given some history and made a diagnosis buased on what you palpated, could you rate
whether you found this way of learning bovine rectal palpation beneficial?

Definitely Beneficial Neutral Not beneficial | Definitely not
heneficial heneficial

34 9
Comments:

Sec Appendix 5.7

3. Would you like to nse the simulator again?
Yes 40 No 2 Not Sare 1

4. What other clinical scenarios (bovine or other species) do yon think would benefit from being
taught with the haptic simulator?
See Appendix 3.7

Any other comments you would like to make?
See Appendix 3.7 Thank you
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Appendix 5.7: Comments from Questionnaire 3

Q2. If you chose to practice some “on farm scenarios™ during the training session e.g. where you
were given semc history and made a diagnosis based on what you palpated, conld you rate
whether you found this way of learning bovine rectal palpation beneficial?

Definitely Not Def Not
Beneficial Beneficial Neutral  Beneficial Beneficial
34 9 0 0 0

On farm scenarios created the ‘stress’ that a new vet will feel in {inding out what is going on in the
farmer’s cows

The session encouraged practical application of malerial from the CIC course - excellent!

1 feel this is the very best way to learn while using the haptic cow

Helps you think about what you would do in certain situations

This made me think, rather than just sticking my hand in and ‘saying what | could feelt’

Really good — helps you think about the real in practice situation and made the whole learning
experience real.

It's more real and you’re faced with more real issues — like pressures from the farmer!

I found these “on farm scenarios” really useful since you have to think of the history as well as
what you can feel

V. benelicial as this is what you will get when in practice, better to practice now than when in the
real world!

Makes siluation more real and makes you think about things as you would have to on a farm

‘On farm’ cases useful as you can to think about what you arc doing when feeling the structures

It was nice to integrate knowledge of pharmacology with practice at palpation — a good
opportunity to bring all my knowledge together. 1t is also nice to be talked through the structures
you are feeling and be asked about the significance. I don’t think I’m collating all the information [
should. It was nice for someone to emphasise what I should be doing, what not to overlook or miss.
Good preparation for being asked questions by the vet/farmer while seeing practice, helped me to
think about things as I would have to in practice

{ thought this part of the session was excellent. It helps in understanding what vou are feeling and
when in the oestrus cycle you would feel it. It’s a really good way of learning

Ii would undoubtedly help with confidence to practice identifying pregnant or not and stage when
mistakes can be discussed immediately to comect the diagnosis demonstrating with no adverse
consequences - we really need this!

My lack of experience in knowing what questions to ask for the history of each scenario was the
prablem; it was a very useful way of learming

Very helplul ‘cos will be like this in real lifc

It’s easy enough to rectal a cow and say “yes I've rectalled a cow” but it is completely different to
undevstand your findings having carried out rectals and know how to deal with your findings ¢.g.
endometritis, follicular cyst. Therefore I think the “farm scenarios™ are completely, absolutely and
totally valuable and worthwhile!

It was very useful as it helped you think in a clinical way, what you would do in the situation and
what the consequences of your decisions and actions would be. It helped as it made you think
more carefully about what you palpated and couldr’t just guess at what to do!

Made me think more laterally. in a more problem solving way, more like in practice

This was really good as made you think the whole scenario through — use of drugs etc was rcally
helpfnl
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This is as would be in practice so very useful aid

I find informatton much more easily retained through problem based learning

More realistic — especially since farmer uses different terms from vets may use. Injtially would be
helptul to be told where to look, but it’s good practice for us to reach our own conclusions about
the diagnosis — 1 enjoyed the role playing

Helped to put clinical knowledge and lecture info into “palpable” context!

Much beller to make you think yourself rather than just being told

Q4. What other clinical scenarios (bovine or other species) de you think woultd benefit from
being taught with the haptic simuvlator?

Equine reproduction (4)

Equine PDs (8)

Equine colic (15)

Equine rectals (9)

Bovine intestinal problems (1)

Bovine uterine torsion (2)

Dystacia (1)

Vaginal examination (1)

Small animal abdominal patpation (2)

Canine prostate (1)

General comments: more pregnancies; add in ultrasound; more abnormal bovine reproductive
scenarios; more scenarios

Any other comments

It’s all experience ~ the more the better, so thank you for this sccond opportunity

I find these sessions extremely beneficial — thank you!

Very helpful overalt — helps you be systlematic and think about what you're looking for

Fecls realistic enough, just slightly easter than the real thing!

Bverything I thought was very helpful, it's jusl that some parts are harder than others, but it was
definitely beneficial! Cheers!

It was very helpful and 3. Baillie doesn’t make you feel sitly!

I found this fraining session even more helpful than the last. I'd never felt anoestrus ovary belore
o this was useful. The afternoon after I did this training I PDed 4 cows at a farm where 1 work
part-time and felt much more confident with what I was feeling

Very useful, would be better with >1 finger

Found this session v. informative and a bhasis for PDing. I am looking forward to trying the aspects
of this session in a real cow

Would feel much happier doing bovine rectals in practice now and lec] the haptic cow is a good
basis lor learning during EMS

[ find the haptic training extremely useful — it’s just a shame students can’t be offered more
sessions on 4 regular basis as part of the farm animal course

Found it very useful overall for learning the general technigue of searching for various structures
Wondcrful simulation, every vet school should have one!

Having done some rectalling with vets on farms since my last haptic cow session it has been very
helptul to receive this instruction where Sarah can see exactly what 1 am feeling. Also on farms
there was often not enough time to allow me to feel ovaries

Very useful, I’d stifl like (¢ sce another machine for contrast between thumb and finger for size —
expensive T know hut usefnl

Very, very useful having real life on farm simulations to relate what you are [ecling 1o what the
“farmer” is telling you! Thank you!

Very impressed with the technology — a fantastic learning aid
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Appendix 6.1: Training Session Instruction Sheet

Students were given an instruction sheet before training which explained the structure of the

session and explained abouti using the keys

STRUCTURE OF THE TRAINING SESSION

A. Initial Training

1. This allows you to become [amiliar with the simulated environment

2. The simulation is very simple — just inside a box with a cylinder lying on the floor

3. The procedure is:
a) First the machine moves your hand around while vou listen to audio instructions
b) Then you can explore on your own, and press the ‘Help’ key to identify structures
c) Pressthe ‘End’ key when you have tinished

B. Learning Bovine Rectal Palpation
1. There are simulations to represeni: the pelvic area of the cow, the cervix, and two
representations of the uterns; one curled up in the pelvis and the other extending into the
caudal abdomen
2. There are 5 lessons
a) Finding the pelvic landmarks
b} Finding the cervix
c) Finding the uterus in the pelvis
d) Finding the uterns in the abdomen
e) What to do when you get lost. ..
3. Asin the initial training:
a) First the machine moves yonr hand around while you listen to audio instructions
b) You will progress through the 5 lessons while under this form of instruction
¢) Then you can explore on your own and alternate between the two uterine simulations
d) At the end, there is an audio debriefing

KEYS

START — Press when you are ready (o start
You will then hear audio instructions and the machine will move your hand around
After this you can explore on your own

FREE - Press Lo start exploring on your own

‘T'his key is also nsed (for the bovine simulation) to change the simulation:
1) uterus is in the pelvis (intra-pelvic) or
i) uterns is in the abdomen (intra-ahdominal)

While exploring:
HELP - Press and the structure you are touching wilt be identified

END — Press when you have finished
An audio debriefing will play; then the program ends

RED BUTTON — If you want to slop the machine al any time — press the red button
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Appendix 6.2: Questionnaire

The questionnaire used to gather feedback from students about simulator training with the

automated version.

Eight students took part in the training session and each complcted the following questionnaire:

‘Part A: Using the simulator’ was completed immediately after the training session

‘Part B: How useful was the simulator for learning skills for examining cows?’ wuas

completed immediately after the farm visit.

‘Part C: Additional questions’ was completed immediately afier the farm visit.

Please tick or put a cross in a box in response to each of the tollowing statements.

Please read each statement carefully before answering. ..

Part A: Using the simulator

Statement

Strongly
agree

Agree

Neutral

Disagree

Strongly

disagree

1. The training environment
(haptic device, key presses, eic)
was easy to use

6

2. The device moving my hand
around was confusing

wm

3. The amount of audio
instruction was about right

4, Thad no difficulty working
through the training using the key
presses

5. The audio would have been
better with a hwman voice rather
than a simulated voice

6. A mixture of simulated voice
and real human voice would be
_the best option

7. ’the preliminary 5 minute
training was unnecessary

8. If' [ could have also seen my
hand movements inside the ‘cow’
on the camputer monitor that

| would have been better

9. Haviny the chance to explore
on my own as part of the training
was nscig

10. When exploriné on my own I
found the Help key valuable

2

1%

11. T used the Help key:

Never

Once

Several times

Many times

* same student for Q10 and 11

1

6

1
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Statement

Strongly
agree

Agree

Neutral

Digagree

| Strongly |
disagree

1. During the training, 1 got a good

impression of the directions I need

to use to search for structures in the
COW

2. During the training, I got a good
impression of the shape of the
anatomical structures

3. During the training, I got a good
impression of the teel ot the
anatomical struclures

4. As a result of the training, I had a
good understanding of how to find
the uterus in the cow

5. As aresult of the training, I had a
good vuderstanding ol how I would
recognise the ulerus in the cow

6. As 4 result of the training, I
understand the importance of
‘sweeping the pelvic brim’ when I
get lost exumining ihe real cow

n

Part C: Additional Questions

Statement

Strongly
agree

Agree

Neutral

Disagrce

Strongly
disagree

1. I think the simulator would be
useed il available in a clinical skills
1ab (e.g. before farm animal EMS)

8

Comments:
(see Appendix 6.3)

General comments:
(see Appendix 6.3)

2. Any ideas, thoughts about the simulator e.g. any improvémems you would like to see; any
extra simulations that should be included; any changes you wonld make. ..

(your thoughts & ideas are much appreciated!)

Thank you for your time during the simulator validation experiment and for completing the

questionnaire.




Appendix 6.3: Comments from Questionnaire

Simulator Training (automated version)

Improvements:

The ceiling was a bit confusing as it was not mentioned or named {(when press 1Telp)

Could you include other simulations of the uterus particularly the harder ones i.e. smaller uterus,
off to onc side, cte?

The comparison of the simulator to the real cow might be better at the start not the end

Include some asymmetric simulations (uterus displaces R/L of midline)

Possibly one to show the rumen, kidney and bladder as these were landmarks that added confusion
Ultrasound pictures

! would have found it easier if I'd been told during the simulation how far to go into the real cow.

Genceral comments:

I found the ‘Help’ button usetul to check that I was right as I didn’t want (o Jearn the wrong thing.
Thought it was very good overall, and very uscful to have done this belore rectals

The simulator was fantastic, I had never done anything like this on a real cow before but after
using the simulator T fclt like I knew what to feel for.

An excellent resource that should be part of the coursc before EMS

Tt was very, very helpful

I'found it so helptul for palpating landmarks and finding the uterus which will be really helptul in
the future. I would have found it so much more difficult without.

Really useful to know what a typical uterus feels like and be confident that you know what you are
feeling.

I felt that I had a good idea of how to find the uterns and recognise the pelvic landmarks etc.




Appendix 6.4: Time Data

The table shows the time (in seconds) taken by students in Group C (C1 to C8), simulator trained
(amtomated version), and Group D (D1 to DB8), traditional training only, to locate the uterns
successfully (us verified by ultrasound). There were 12 successful identifications in Group C, 2 in
Group D. The blank cells in the table represent the examinations where the student was unable to
find the uterus within the time allowed (5 minutes) or where the identification could not he

verified by ultrasound.

Cow — | Cow —
X 2 .
| Student | ISt [20d |3rd [4th | oo | Ist | 2nd | 3rd | dth
1 140 | 95 D1 !
€2 184 D2 :
C3 220 80 | D3 | 121
C4 198 47 D4 |
C5 270 | 62 | DS 55
Cé 212 D6
C7 48 | 56 | D7
C8 ‘ Tos




Appendix 7.1: Comments about Hand Use

Comments entered by veterinary surgeons on the guestionnaire used to gather information about
hand use when performing rectal palpation of cows or horses (78 questionnaires returned)

Right-handed: 64/ 78

Right-handers using left hand (19 / 64)

Originally told to use left hand although vets in practice encouraged me to use the other hand tao
Left is more sensitive

We were taught to palpate with left so could write with right

1 was made to but I think it would have been more natural to nse my dominant hand

I was just told to Told to do so

I was told to use the left as it was more sensitive and now I'm lost if [ use my right

Seemed more comfortable and the right was free (o do other things

Initially I chose the L as I didn’t want to break my right anm, I think my feft is more sensitive now
Not sure, just told to I think Taught to

Lcaves right hand free for Al rod and I think the left is more sensitive?

There was this belief at college that the left was better but I don’t know why?

I was foreed (o as a student (so my right hand was free to write — not that I ever have!) and now it
would feel unnatural to use the right

Lecturey tanght us to use the left land Left is more sensitive

Taught to use the left hand Bctter sensitivity with left

I learned to use the feft at college and now find the right difficult

A lecturer at college told us to and so did the vet I saw practice with

Started with my left hand, no problems so no reason to change

Right-handers using right hand (37 / 64)

Taught to use left but I then injured tingers on the left hand and changed to the right

Told to use right

Right hand stronger and 1 find right easier

Right is more ‘sensitive’ or ‘aware’ of 31J, although left more sensitive to T, T think

I could (eel more with my right hand

Just because I'm right-handed

More dextrous with right hand, better a little, fiddly tasks

Just because I'm right handed, though I occasionally use the left hand to feel the right ovary

1 fownd it easier with the right

I was told to use both but I felt [ was better with the right

1 just decided after trying both that I got on better with the right

I found it easier 1L just seems more natural

‘cos right handed I do everything clse with it

Because the scanncr is more often on the lefi

I get on better with my right

Told cattle left, as more sensitive, horses right, as approach from lefi side but I ended up using the
right most of the time

I got on better with my right although my Dad (a vet} told me to use the lcft, In his day yon didn’t
wear gloves so you wanted your right hand to be clean to shake bands (which a vet always did
with a client in his day!)

Use right hand for everything, it’s easier

Just copied the vet when | was seeing practice

I can only do it with the right hand, it is difficult to do with the left
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Because I'm right handed, I think my right is more likely to be right, T mean correct!
Got used to it this way, secmed right as I'm right handed

I was told to use the left but I found I was better with the right

I"m better at manipulating with the right Stronger

Wish I could use the left but I just can’t!

More confident about what ' m feeling with the right hand

My left shoulder subluxates so I wouldn’t want to risk it

Taught to use the right hand

I'm fitler with my right and can do things better

T was told to use my left but it got tired very easily so I changed (o my right and prefer it
It's easier and the right hand doesn’t get as tired

Stronger, more sensitive and more confident

I’m totally uncoordinated with my left hand, no contest!

No reason given (1)

Right-handers using both (cither) hands (8 / 64)

Use left when AI (with right) or if can’t get right in (oo wide). Otherwise 1 use either

[ use the left when I’m scanning as the right works the buttons and keys, but 11 feels more natural
with the right and T think it’s better

I swap hands depending on what I’'m doing during the rectal exam

Either, just depends on the day!

Depends where you're PDing

If I get cramp in one I use the other

I started with my right but got injured and had to learn with my left. I now use bath which is quite
handy if I get tired (lots of PDs) or the cows are on the wrong side of the parlour

No reason stated (1)

Left-handed: 10/ 78

Left-handers using left hand (8 / 10)

I find it more sensitive and easier

More strength and betier feel More dextrous

‘I'old to more natural to use my dominant hand and more certain of what 1’ [ecling

More pregnancies on the right which is easier to fccl with the left hand

1 glove up both though 1 mestly vse the L, I sometimes find the R is better at pulling up the uterus
It's easier and doesn't get tired

No reason stated (1)

Left-handers using both (1/ 10)
Convenient and I think my right is more sensitive?

Left-handers using right (1/ 10)
My right arm is stronger (as I play tennis right handed) and I think it’s more sensitive though right
handers at college were told to use the left hand

Ambidextrous: 4 /78

Using right hand (3)

[ just got used to vsing my right hand, although [ could use my left if necessary

T write with my L hand but use my R for a lots else & my natural instinct was to use my R for this
Use both hands but was taught right hand

Both hands (1)

Which one is cold at the time! I'm comfortable with either
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Appendix 7.2: Edinburgh Handedness Inventory

Edinburgh Handedness Inventory

Please indicate your preferences in the use of hands in the following activities by putting tick/s
in the appropriate colmnn for each task.

Place one tick in the ‘Left” or ‘Right’ column unless:
a) The preference is so strong that you would never try to use the other hand, unless absolutely
forced to. In these cascs, put 2 ticks in one column (‘Left’ ar ‘Right’). 1
b) If in any case you are really indifferent put and a tick in hoth colwmms (‘Left’ and ‘Right’) !
¢) If vou have no experience of the object or task, leave a blank :

Some of the activities listed below require the use of both hands. In these cases the pait of the task,
or object, for which hand preference is wanted is indicated in brackets.

Task Left
1. Writing

z
&
=

-

. Drawing

2
3. Throwing (e.g. a ball)

!
b
i

4. Scissors

5. Toothbrush

6. Knife (without fork)
7

8

9

. Spoon

. Broom (upper hand)

. Striking Match (holding the match)

B 1 O e N
LT O o 1
L I T 2 e

B T e N O

10. Opening hox (hand on the lid)
TOTAL (ticks in both columns)

Form based on the categories and guidelines of Oldfield (1970). The dominant hand is identified !
from the column with the higher total score.
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Appendix 7.3: Experiment Instruction Sheet

Instruction sheet given to participants at the beginning of the handedness experiments.

Skills for pregnancy diagnosis

The real task involves assessing the relative size and fluid content (or softness) of the two
pregnant horns of the uterus. Experiments arc being conducted where participants compare:
o Two objects of different softness
o Two objects of different size
o You will perform one of these tasks with one hand and then the other
The real task is unsighted and therefore you will only examine the objects using touch (i.e.
palpation).

The Training

Belore each section of the experiment you will undertake a short training scssion. Please feel frec
to ask the researcher questions at this point.

Design

s Compare the size of 2 adjacent objects, one situated on the left and ane on the right
* One object is the standard and remains the same size thronghout each experiment
* The other object, the comparison is laxger, this object changes as the experiment proceeds.
* You are to identify the larger cylinder (larger = wider and higher)

» Initially there is a considerable difference between the comparison and the standard objects. As
the test proceeds the comparison object will get closer to the standard i.c. the difference gets
less.

* The aim of the experiment is to {ind the point at which hnmas perception cun no longer
discriminate between the two objects. We are trying to find the point at which the objects
appear to match i.e. you can’t tell them apart. Therefore, there will be a point at which you find
it difficukt to discriminate - this is what we are measuring.

s Take as much time as you need to raake your decision (within reason).

* The experiment requircs yon 1o make a decision, to choose the object un the left or the right,
even when it is difficult to differentiate (as the two objects are never going to be exactly the
same). This is called a *forced-choice’ test.

You are to perform each test with one hand and then the other as we are locking to see if one hand

is better than the other at these tasks. There will be a rest period between the two parts of the

experiment.

Notes:
o The comparison and standard objects will be randomly presented on the left and right
o The same comparison may be presented to you several times
o At the point at which you are having difficulty accurately diflerentiating between the two
objects:
»  Tests will be performed around this point a number of times
* At this poing, these repeat tests may take quite a while

Tt you wish (o stop or rest at any time Iet the researcher know, Thank you
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Further explanation for each experiment:

Participants were shown one or the other of the two following sections, depending on which

experiment they were undertaking.

Size Experiment - decide which cylinder is larger

standard comparison

Steps:
o Palpate and compare the two cylinders and decide which is larger
o Press the key which corresponds to your choice L or R
o The simulation then updates (changes) and the next test is presented

o In between each test rest on the platform in the middle between the two cylinders *

OR

Softness Experiment - decide which cylinder is softer

*

‘g

standard comparison

Steps:
o Palpate and compare the two cylinders and decide which is softer (L or R)
o Press the key which corresponds to your choice L or R
o The simulation then updates (changes) and the next test is presented
o In between each test move your hand off the platform and rest *

217



Appendix 7.4: Results for the Size Experiment

Table A7.4.1. The results of the thirty-six participants showing, for each participant, the:

» FEdinburgh Handedness Inventory (EHI) score

¢ Diflerence threshold {DT) for each hand (DTL and DTR), the average of the last eight reversals
(expressed as the difference in the diameter of the standard and compartison cylinders in mm)
e Tast eight reversals [rom the staircase (the size of the comparison cylinder, diameter in mm)

Participant 1 Participant 2 Participant 3 Participant 4
EHIL=0,R=12 EHIL=0,R =20 EHIL=1,R =17 EHIL=0,R=20
DTL(1sty DTR(2nd) | DTR(1st) DTL{2nd) | DTL(1st) DTR{2nd) [ DTR{1st) DTL{2nd)

2.81 4.78 4,59 4.34 3.00 4.28 2.38 5.16

Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals |
33.25 35 34.25 34.25 33.25 34.25 33 35.75
32.75 34.75 33.75 33.75 33 33.75 32.5 35
33 35.25 34.75 34.5 33.25 34.25 32.75 35.25
32.75 35 34.5 34.25 32,75 34 32 35
33.25 35.25 35 34.5 33 35.25 32.25 35.25
32.5 34.25 34.75 34.25 32.5 34 31.75 35
32.75 34.5 35 35 33.25 34.5 32.5 35.25
32.25 34.25 34.75 34.25 33 34.25 | 3225 3475

Participant 5 Participant 6 Participant 7 Participant 8
EHIL=3, R=17 EHIL=0,R=15 EHIL=5 R =15 EHIL=0,R =16
DTL{1st} DTR(2nd) | DTR(1st} DTL(2nd) | DTL{1st) DTR{2nd) | DTR(1st} DTL(2nd)

2.16 1.72 4.56 9.41 4.88 1.78 1.78 3.22

Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals

32.5 32 34.25 39.25 35.5 31.75 32.25 33.25

32 31.75 33.5 39 35 31.25 31.75 33
32.25 32 34.25 39.5 35.75 31.75 32 33.25
32 315 34 39.25 34.5 31.5 31.5 a3
32.25 32 35 38.75 34.75 32 31.75 33.5
31.75 31.25 34.75 39.5 34.25 31.75 3t.8 33.25
32.5 32 355 39.75 34.75 32.25 32 33.6
32 31.25 35.25 39.25 34,5 32 315 33

Participant 9 Patticipant 10 Participant 11 Participant 12
EHIL=0,R=13 EHIL=0,R=19 EHIL=6R=14 EHIL =5 R =15
DTL(1sty DTR{2nd) | DTR{1st) DTL(2nd) | DTL{1st) DTR(2nd)} | DTR{1st) DTL(2nd)

1.56 4.53 4.28 7.75 3.09 2.41 6.34 6.22

Last 8 reversals Last 8 reversals lLast 8 reversals |  Last 8 reversals
32.75 35.25 35.75 38.25 33.75 33.75 37 36.25
31.5 34.75 35.25 37.25 333 32.25 36.5 38
31.75 35 35.5 37.75 33.75 32.5 36.75 38.5
31.25 34.5 33.5 37.5 33 32.25 36 36.25
315 34.75 34 37.75 33.25 32.5 36.25 38.5
31 34 33 37.5 32.5 31.75 36 36
31.5 34.25 33.75 38.25 32.75 32.25 38.25 36.25
i 31.25 33.75 33.5 37.75 3225 32 36 36
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Patticipant 13
EHIL=0,R =20

Participant 14
EHIL=5 R =15

Participant 15
EHIL=1,R=19

Participant 16
EHIL=2,R=18

DTL(1st) DTR{2nd} | DTR(1st) DTL(2nd)} | DTL{Ist) DTR(2nd) | DTR(1st) DTL{2nd)
2.31 2.63 6.44 4.59 5.00 4.72 9.38 7.94
Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals
32.5 32.256 36.75 34.75 34.5 34.75 40.75 38.75
32.25 32 36 34.5 34.25 34.25 40 39
325 33 37 34.75 35 35.25 40.25 39.25
32 32.5 36.5 34.5 34.75 35 39 38.5
32.75 33 37.75 34.75 35.5 3558 39.256 38.75
32.25 32.75 35.75 34.5 35.25 34 38.5 36
32.5 33 36 34.75 35.5 34.75 38.75 36.25
31.75 325 35.76 34.25 35.25 34.25 38.5 36

Participaﬁ"t_im?' '

Participant 18

Participant 19

Participant 20

EHIL=4,R=10 EHIL=1,R=19 EHIL=5R=15 EHIL=3,R=17
DTL{1st) DTR(2nd) | DTR(1st) DTL(2nd) | DTL{{ist) DTR{2nd) | DTR(1st) DTL{2nd)
2.44 2.81 419 3.09 9.00 4,94 3.56 6.16
Last B reversals Last 8 reversals Last 8 reversals last 8 reversais
32.75 32.75 34.25 33 38.75 34.25 33.75 36.25
32.25 32 34 32.75 38.25 34 33.5 36
32.5 33.5 34.5 33.25 39.5 34.75 33.75 36.5
32.25 32.75 33.5 33 39 34.5 33.5 36.25
32.75 33 34 33.25 39.25 35.25 34.25 36.5
32.25 32.25 33.5 33 39 35 33.25 36.25
32.5 33.5 35 33.5 39.25 36 33.5 38.75
32.25 32.75 34.75 33 39 35.75 33 34.75
Participant 21 Participant 22 Participant 23 Participant 24
EHIL=2,R=14 EHIL=0,R =17 EHIL=3, R=17 EHIL=1,R=17
DTL(1st) DTR(2nd) | DTR(1st) DTL(2nd) | DTL{1st) DTR{2nd) | DTR(1st) DTL(2nd)
2.47 3.06 2.06 2.81 3.59 3.84 3.28 2.84
Last8reversals | | Last 8 reversals Last 8 reversals _ Last 8 reversais
32.75 32.75 33.75 32.75 33.5 33.5 32.75 32.75
32.25 32.5 33 32.5 33.25 33.25 325 32.5
32.5 33.25 33.25 33 33.75 34.25 33.75 32.75
32.25 33 31.5 32.75 33.5 34 32.75 325
32.5 33.5 31.75 33 34 34.25 33.5 33.25
32.25 33.25 31 32.75 33.5 33.75 33.25 32.75
32.75 33.8 31.25 KK 33.75 34.5 34 33.25
32.5 32.75 31 32.75 33.5 33.25 33.75 33
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Participant 25

Participant 26

Participant 27

Participant 28

EHIL=4,R =16 EHIL=2,R=15 EHIL=0,R=18 EMHIL=0,R=20

DTL(1st) DTR(2nd) | DTR(1st) DTL(2nd) | DTL{ist) DTR{2nd) | DTR(1st) DTL(2nd)
3.56 5.22 2.81 2.34 5.91 3.03 3.91 3.4

Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals
32.75 36 33 32.5 36 33 34.75 338.25
32.5 35 32.5 32.25 35.75 32.75 34 33
33.5 35.25 32.75 33 36.25 33.5 34.25 33.5
33.25 35 32,5 32.75 36 33 33.75 33
34.75 35.25 32.75 33.76 36.5 33.25 34 33.75
33.5 35 32.5 31.5 35.75 32.5 33.75 33.5
34.25 35.25 33.5 31.75 36 33.25 34 33.756
34 35 33 31.25 35 33 | 32.75 33.5

Participant 29
EHIL=6,R =14

Participant 30
EHIL=2,R=18

Participant 31
EHIL=1,R=15

Parlicibam 32
EHIL=4,R=16

DTL{1st} DTR(2nd) | DTR(1st) DTL(2nd) ¢ DTL(1st) DTR(2nd) { DTR(Ist) DTL(2nd)

4.56 5.66 6.97 6.868 8.69 4.47 2.97 2.88
Last 8 reversals Last 8 reversals Last 8 reversails Last B reversals

35 36.25 36.75 37.5 38.75 34.75 338.25 32.75

34.75 35.75 35.75 37.25 38.5 34.5 33 32.5

35 36.25 36.5 37.5 38.75 35.25 33.5 33.25

34.75 34.75 36.25 36.75 38.5 34.5 33.25 32.5

35 35.25 37.75 37 38.75 34.75 33.5 32.75

33.75 35 375 36.75 38.5 33.75 32.5 32.5

34.25 35.75 37.75 37 39 34.25 32.75 33.5

34 35.5 37.5 35.25| 38.75 34 32 33.25

Participant 33 Participant 34 Participant 35 Participant 36
EHIL=0,R =192 EHIL=7,R=12 EHI.=3,R=14 EHIL=1,R =14

DTL(1st) DTR(2nd) | DTR(1st) DTL(2nd} | DTL{1st} DTR{2nd) | DTR(1st) DTL{2nd)

6.23 3.25 2.50 2.50 525 3.50 2.59 3.34
Last 8 reversals Last 8 reversals Last B reversals Last 8 reversals

37 33.5 325 32.75 35.25 33.75 32.75 33

36 33.25 ¢ 32.25 32.25 35 33 32.5 32

36.25 33.5 | 32.5 32.5 35.25 335 32.75 34.5

36 33.25 32 31.5 35 33.25 325 32.75

36.5 33.75 33 325 35.75 34 32.75 33.75

38 33 32.5 32.25 35.25 33.5 32.5 33.25

36.5 33.25 32.75 33.5 35.5 33.75 33 34

35.5 32.5 32.5 32.75 35 33.25 32 33.5
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Parlicipant | DT Left DT Right | DT {1st DT 2nd L-R
1 4.78 2.81 4.78 2.81 1.97
2 4.34 4.59 4.59 4.34 -0.25
3 3 4.28 3 4.28 -1.28
4 5.16 2,38 2.38 5.18 2.78
5 2.16 1.72 2.16 1.72 0.44
6 9.41 4.56 4.56 9.41 485
7 4.88 1.78 4.88 1.78 31
8| 322 1.78 1.78 3.22 144
9 1.56 4.53 1.56 4.53 -2.97
10 7.75 4.28 4.28 7.75 3.47
11 3.09 2.41 3.09 2.41 0.68
12 6.22 6.34 6.34 6.22 -0.12
13 2.31 2.63 231 2.63 -0.32
] 14 4.59 6.44 6.44  4.59 -1.85
15 5 4.72 5 4.72 0.28
i6 7.94 9.38 9.38 7.94 -1.44
17 2.44 2.81 2.44 2.81 -0.37
18 3.09 4,19 4.12 3.09 -1.1
19 9 _ 4.94 9 4,94 4.06
20 6.16 3.56 3.56 6.16 2.6
21 2.47 3.06 247 3.08 -0.59
22 2.81 2.08 2.08 2.81 0.75
23 | 3.59 3.84 3.59 3.84 -0.25
24 2.84 3.28 3.28 2.84 -0.44
25 3.56 522 3.56 5.22 -1.66
26 2.34 2.81 2.8 2.34 0,47
27 5.91 3.03 5.91 3.03 2.88
28 3.41 3.91 3.91 3.41 -0.5
29 4.56 5.56 4.56 5.56 -1
30 6.88 6.97 6.97 6.88 -0.08
31 3.69 4.47 8.69 4.47 4.22
32 2.88 2.97 2.97 2.88 -0.09
33 6.23 3.25 6.23 3.25 2.98
34 2.5 2.5 2.5 2.5 0
35 5.25 3.5 5.25 3.5 1.75
36 3.34 2.59 2.59 3.34 0.75
Table A7.4.2. The difference threshold (DT) values for the thirty-six participants

in the size

experiment. For each participant the threshold values (the difference in millimetres between the
standard and comparison objects) are recorded for the: left hand, right hand, hand going first,
and hand going second. The final column shows the difference between the threshold values for
the feft and right hands (value for left minus value for right hand). Eighteen participants were
better with the left hand and seventeen were better with the right hand, one had equal

perfortnance with both hands.
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A graph showing the values for the difference threshold or least detectable

difference in millimetres between the standard object (a half cylinder, 30mm diameter) and the
comparison object (40mm diameter initially). Thirty-six participants performed the task with the

left (hashed blue bars) and right hands (solid crimson bars).

Figure A7.4.1.



Appendix 7.5: Results for the Softness Experiment

Table A7.5.1. The results of the thirty-six participants showing, for each participant, the:

Edinburgh Handedness Inventory (EHI) score
The difference threshold (DT) for each hand (IDTI. and DTR), the average of the last eight
reversals (expressed as the difference in N/m between the KSpring of the standard cylinder

(0.3N/m) and the comparison cylinder)
Last eight reversals from the staircase (the KSpring of the comparison cylinder)

Participant 1 Participant 2 Participant 2 Participant 4
EHIL=0,R=16 EHIL=2 R=14 EHIL=0,R =20 EHIL.=1,R =17
DTL(1st) DTR(2nd) | DTR(1st} DTL{2nd) [ DTL{ist} DTR{2nd) { DTR{1st) DTL(2nd)

0.0094 0.0262 0.0525 0.0559 0.0278 0.0353 0.0750 0.0706
L ast B reversals Last 8 reversals Last 8 reversals Last 8 reversals
0.2975 0.2675 0.2475 0.2425 0.2675 0.2625 0.2200 0.2275 |
0.2900 0.2700 0.2500 0.2450 0.2700 0.2650 0.2225 0.2250 |
0.2925 0.2675 0.2425 0.2425 0.2675 0.2625 0.2200 0.2325
0.2900 0.2725 0.2475 0.2475 0.2750 0.2650 0.2275 0.2275
0.2825 0.2700 0.2450 0.2425 02725 0.2625 0.2250 0.2325
0.2875 0.2825 0.2500 0.2450 0.2775 0.2675 0.2300 0.2300
0.2900 0.2775 | 0.2475 02425 | 0.2725 0.2650 |  0.2250 0.2325
0.2850 0.2825 0.2500 0.2450 |  0.2750 0.2675 0.2300 0.2275

Participant 5 Participant 6 Participant 7 Participant 8
EHIL=2 R=16 EHIL=1,R=13 EHIL=2,R=15 EHIL=1,R=15
DTL(1sty DTR(2nd)} { DTR{1st) DTL{2nd) | DTL(1st) DTR(2nd) | DTR(1st} DTL(2nd)

0.0694 0.0578 0.0247 0.0334 0.0578 0.0559 0.1034 0.0941
Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals

0.2300 0.2375 0.2725 0.2675 0.2475 0.2425 0.2000 0.2050
0.2325 0.2400 0.2700 0.2650 0.2500 0.2400 0.2025 0.2075
0.2300 0.2375 0.2775 0.2700 0.2425 0.2450 0.2000 0.2025
0.2375 0.2450 0.2750 0.2650 0.2450 0.2400 0.2025 0.2075
0.2300 0.2425 0.2775 0.2700 0.2375 0.2475 0.1200 0.1975
0.2325 0.2475 0.2725 0.2650 0.2400 0.2450 0.1925 0.2100
0.2250 0.2425 0.2800 0.2675 0.2325 0.2475 0.1900 0.2075
0.2275 0.2450 0.2775 0.2625 0.2425 0.2450 0.1950 0.2100

RParticipant 9
EHIL=2,R=14

Participant 10
EHIL=2R =14

Par_t-i'cﬂiba'l"lt 11
EHIL=1,R=19

Participant 12
EHIL=3,R=17

DTL(1st) DTR(2nd) | DTR(1st) DTL(2nd) | DTL(1st} DTR{2nd) | DTR(1st) DTL(2nd)
0.0406 0.03086 0.0203 0.0294 0.0747 0.0397 0.0528 0.0275
Last 8 reversals Last 8 reversals Last 8 reversals __Last 8 reversals
0.2575 0.2675 0.2750 0.2850 0.2275 0.2575 0.2400 0.2775
0.2550 0.2700 0.2775 0.2675 0.2250 0.2600 0.2425 0.2725
0.2650 0.2675 0.2750 0.2850 0.2275 0.2575 0.2400 0.2750
0.2625 0.2700 0.2850 0.2775 0.2225 0.2625 0.2500 0.2725
0.2675 0.2675 0.2800 0.2725 0.2250 0.2600 0.2475 0.2775
0.2550 0.2750 0.2875 0.2750 0.2225 0.2625 0.2550 0.2675
0.2575 0.2675 02775 0.2700 0.2275 0.2600 0.2500 0.2775
0.2550 0.2700 | 0.2800 0.2725 |  0.2250 0.2625 |  0.2525 0.2600
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Participant 13
EHIL=3,R=17

Participant 14
EHIL=5R =15

Participant 15
EHIL=5R =14

Participant 16
EHIL=0,R=15

DTL{1st) DTR(2nd) | DTR({1st} DTL(2nd) | DTL(1st) DTR{2nd) | DTR(1st) DTL(2nd}
0.0556 0.0684 0.0619 0.0412 0.0450 0.0266 0.0325 0.0331
|ast 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals
0.2425 0.2500 0.2375 0.2600 0.2500 0.2650 0.2675 0.2600
0.2400 0.2225 0.2400 0.2625 0.25256 0.2675 0.2650 0.2625
0.2425 0.2275 0.2425 0.2800 0.2500 0.2650 0.2675 0.2600
0.2400 0.2250 0.2375 0.2625 0.2575 0.2775 ¢.2650 0.2700
0.2475 0.2325 0.2425 0.2575 0.25350 0.2725 0.2675 0.2675
0.2450 0.2300 0.2325 0.2600 0.2575 0.2825 0.2650 0.2725
0.2500 0.2350 0.2375 0.2525 0.2550 0.2775 0.2725 0.2700
0.2475 0.2300 0.2350 0.2550 0.2625 0.2800 0.2700 0.2725
Participant 17 Participant 18 Participant 19 Participant 20
EHIL=3,R=186 EHIL=4,R=13 EHIL=1,R=15 EHIL=0,R=18
DTL{1st)y DTR{2nd) | DTR({ist) DTL{2nd) | DTL(1st} DTR(2nd} | DTR{1st} DTL{2nd)
0.0328 0.0269 0.0244 0.0594 0.0312 0.0606 0.0406 0.0437
Last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversais
0.2700 0.2625 0.2825 0.2450 0.2675 0.2400 0.2625 0.2550
0.2725 0.2600 0.2700 0.2475 0.2700 0.2350 0.2600 0.25735
0.2650 0.2775 0.2750 0.2375 0.2675 0.2375 0.2675 0.2550
0.2675 0.2750 0.2725 0.2400 0.2700 0.2350 0.2525 0.2575
0.2650 0.2775 0.2775 0.2375 0.2675 0.2425 0.2600 0.2550
0.2675 0.2750 0.2750 0.2400 0.2700 0.2400 0.2575 0.2575
0.2625 0.2800 0.2775 0.2375 0.2650¢ 0.2450 0.2600 0.2525
0.2675 0.2775 0.2750 0.2400 0.2725 0.2400 0,2550 0.2600
Participant 21 Participant 22 Participant 23 Participant 24
EHIL=4,R =13 EHIL=5 R=15 EHIL=2,R=18 EHIL=8,R=14
DTL(1sty DTR(2nd) | DTR{1st} DTL{2nd) | DTR(1st) DTL(2nd) | DTL{Ist) DTR(2nd)
0.1000 0.0937 0.0809 0.0450 0.1184 0.1356 0.0950 0.0558
Last 8 reversals Last 8 reversals Last 8 reversals _ast 8 reversals
0.2000 0.2100 0.2200 0.2500 0.1900 0.1675 0.2050 0.2425
0.2025 0.2125 0.2225 0.2525 0.1925 0.1600 0.2075 0.2400
0.1975 0.2050 0.2150 0.2500 0.1825 0.1625 0.2025 0.2425
0.2050 0.2075 0.2175 0.2550 0.1850 0.1600 0.2050 0.2400 |
0.1975 0.2050 0.2150 0.2525 0.1750 0.1675 0.2025 0.2525 !
0.2000 0.2075 .= 0.2200 0.2600 0.1800 0.1650 0.2050 0.2450
0.1975 0.2000 i 0.2175 0.2575 0.1700 0.1675 0.202S5 0.2475
0.2000 0.2025 ] 0.2250 0.2625 0.1775 0.1650 0.2100 (.2450
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Participant 27

Participant 25 Participant 26 Participant 28
EHIL=3,R=15 EMIL=0,R=20 EHIL=2, R =17 EHIL=0,R=17
DTR(1st} DTL(2nd) [ DTL(1st) DTR(2nd} { DTL(1st} DTR(2nd) | DTR{1st) DTL{2nd)

0.0312 0.0400 0.0434 0.0831 0.0381 0.0300 0.0887 0.0631
Last 8 reversals l.ast 8 reversals Last 8 reversals Last 8 reversals

0.2700 0.2600 0.2600 0.2150 0.2725 0.2725 0.2175 0.2400
0.2725 0.2625 0.2650 0.2175 0.2650 0.2675 0.2050 0.2425
0.2675 0.2600 0.2600 0.2075 0.2725 0.2700 0.2125 0.2375
0.2725 0.2625 0.2575 0.2175 0.2550 0.2675 0.2100 0.2400
0.2675 0.2575 0.2850 0.2150 0.2575 0.2725 0.2125 0.2325
0.2700 0.2600 0.2500 0.2225 0.2550 0.2700 0.2075 0.2350
0.2625 0.2675 0.2550 0.2175 0.2600 0.2725 0.2150 0.2325
0.2675 0.2600 0.2500 0.2225 0.2575 0.2675 0.2100 .2350

Paricipant 29 Participant 30 Participant 31 Participant 32
EHIL=0,R=18 EHIL=3, R=17 EHIL=3,R=17 EHIL=2,R=18
DTL({1st)} DTR{2nd) | DTR(1st) DTL({2nd) | DTL{1st) DTR{2nd) | DTR(1st) DTL{2nd)

0.0441 0.0581 0.0878 0.1209 0.0919 0.0541 0.0281 0.0497
Last 8 reversals Last 8 reversals l.ast 8 reversals Last 8 reversals |
0.2525 0.2375 0.2425 0.1775 0.2075 0.2400 0.2725 0.2525
0.2550 0.2400 0.2325 0.1800 0.2100 0.2425 0.2700 0.2475
0.2525 0.2375 0.23%0 0.1778 0.2075 0.2400 0.2775 0.2525
0.25756 0.2450 0.2275 0.1800 ; 0.2100 0.2500 0.2750 0.2500
0.2500 0.2400 0.2325 0.1775 0.2025 0.2475 0.2775 0.2525
0.2600 0.2475 0.2300 0.1800 0.2100 0.2500 0.2700 0.2500
D.2575 0.2425 0.2325 0.1775 0.2075 0.2475 0.2725 0.2525
0.2625 0.2450 | 0.2250 0.1825 | 0.2100 0.2500 |  0.2600 0.2450

Participant 33 Participant 34 Participant 35 Participant 36
EHIL=3,R=17 EHIL=2,R=15 EHIL=2 R=13 EHIL=3 R=14
DTL(1st) DTR{2nd) | DTL(1st) DTR(2nd) | DTR(1st) DTL{2nd) | DTR{ist) DTL(2nd)

0.0450 0.0622 0.0697 0.0300 0.0325 0.0269 0.0612 0.0737
last 8 reversals Last 8 reversals Last 8 reversals Last 8 reversals

0.2650 0.2425 0.2425 0.2675 0.2675 0.2675 0.2450 0.2225
0.2675 0.2450 0.2400 0.2625 0.2650 0.2700 0.2475 0.2250
0.2475 0.2350 0.2425 0.2750 0.2675 0.2675 0.2375 0.2225
0.2625 0.2400 0.2350 0.2700 0.2650 0.2750 0.2400 0.2300
0.2450 0.2350 0.2400 0.2725 0.2700 0.2725 0.2350 0.2250
0.2650 0.2375 0.2375 0.2700 0.2675 0.2825 0.2375 0.2275
0.2825 0.2325 0.2450 0.2725 0.2700 0.2725 0.2325 0.2225
0.2550 0.2350 0.2400 0.2700 0.2675 0.2775 0.2350  0.2350
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Participant | DT Left DT Right DT 1st DT 2nd L-R

1 0.0084 0.0262 | 0.0094 0.0262 | -0.0168

2 0.0558 0.0525 | 0.05625 0.0559 0.0034

3 0.0278 0.0353 | 0.0278 0.0353 | -0.0075

4 0.0706 0.0750 | 0.0750 0.0706 | -0.0044

5 0.0684 0.0578 | 0.0694 0.0578 0.0116

6 0.0334 0.0247 | 0.0247 0.0334 0.0087

7 0.0578 0.0659 | 0.0578 0.0559 0.0019

i 8 0.0941 0.1034 | 0.1034 0.0841 | -0.0093

. 9 0.0406 0.0306 | 0.0406 0.0306 0.0100

; 10 0.0294 0.0203 | 0.0203 0.0224 0.0091

11 0.0747 0.0397 | 0.0747 0.0397 0.0350

é’ 12 0.0275 0.0528 | 0.0528 0.0275 | -0.0253

13 0.0556 0.0684 | 0.0556 0.0684 | -0.0128

: 14 0.0412 0.0619 | 0.0619 0.0412 | -0.0207

. 15| 00450 |  00266| 00450 | 0.0266| 0.0184

! 16 0.0331 0.0325 | 0.0325 0.0331 0.0006

: 17 0.0328 0.0269 | 0.0328 0.0269 0.0059

18 0.0594 0.0244 | 0.0244 0.0594 0.0350

19 0.0312 0.0606 | 0.0312 0.0606 | -0.0294

20 0.0437 0.0406 | 0.0406 0.0437 0.0031

21 0.1000 0.0837 | 0.1000 0.0937 0.0083

22 0.0450 0.0809 | 0.0809 0.0450 | -0.0359

23 0.1356 0.1184 | 0.1184 0.1356 0.0172

24 0.0950 0.0556 | 0.0950 0.0556 0.0394

25 0.0400 0.0312 | 0.0312 0.0400 0.0088

26 0.0434 0.0831 0.0434 0.0831 | -0.0397

27 0.0381 |  0.0300 | 0.0381 0.0300 0.0081

28 0.0631 0.0887 | 0.0887 ; 0.0631 | -0.0256

29 0.0441 0.0581 0.0441 0.0581 | -0.0140

30 0.1209 0.0678 | 0.0678 0.1209 0.0531

.81 | 0.0919 0.0541 0.0819 0.0541 0.0378
32| 00497 0.0281] 00281 [ 00497 0.0216 |

33 0.0450 0.0622 | 0.0450 0.0622 [ -0.0172

34 0.0597 0.0300 [ 0.0597 0.0300 0.0297

35 0.0269 0.0325 | 0.0325 0.0262 | -0.0056

36 0.0737 0.0612 [ 0.06812 0.0737 0.0125

Table A7.5.2. The dilference threshold (DT) values for the thirty-six participants in the softness
experiment. I'or each participant the threshold values (expressed as the difference between the
KSpring valuc of the comparison and the standard objects) are recorded for the; left hand, right
hand, hand going first, and hand going second. The final column shows the difference between
the values for the left and right hands (value for left minus value for right hand), Fourteen
patticipants were better with the left hand and twenty-two were better with the right hand.
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Figure A7.5.1. A graph showing the values for the difference threshold or least detectable
difference in KSpring values between the standard object (KSpring 0.3000N/m) and the
comparison object (KSpring initially 0.1800N/m). Thirty-six participants performed the task with
the left (hashed blue bars) and right hands (solid crimson bars).
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