K HE%&' ($H)*+&,-)

Integrating a Bovine Rectal Palpation Simulatoo iah

Undergraduate Veterinary Curriculum

Sarah Balillie, Dominic J. Mellor, Stephen A. Bregrsand Stuart W. J. Reid



K HE%&' ($H)*+&,-)

Abstract

There are problems associated with teaching bongotal palpation to undergraduate veterinary
students. The students need to have opportunttiegamine enough cows to develop the required
skills but with increasing student numbers andtiatmns on access to cows this is more and more
difficult to achieve. A virtual reality based teauatp tool, the Bovine Rectal Palpation Simulators ha
been developed as a supplement to existing traimeghods. The student palpates computer
generated virtual models of the bovine reproductraet while interacting with a haptic (touch
feedback) device. During training sessions, thehea follows the student’s actions inside the
virtual cow on the computer screen and gives iesitsa. A trial integration of the simulator into
the fourth year bovine reproduction course was rtiaklen at the University of Glasgow Veterinary
School during the academic year 2003/2004. Theestisdwvere offered two training sessions and
feedback was gathered using questionnaires. Ifirstesession all students were taught a range of
basic skills using a standardised teaching protddo¢ second training sessions were customised to
individual student’s learning needs and includedcpsing dealing with a range of on-farm
scenarios. Student feedback indicated that theitigiihad been useful for learning various aspects
of bovine rectal palpation and provided informatibat helped in the further development of the

simulator as a teaching tool.
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Introduction

Bovine rectal palpation is a difficult procedure learn and students need to examine sufficient
numbers of cows to develop the skills required édfgrm fertility examinations and to diagnose
pregnancy. In the United Kingdom the number of netgy undergraduate students has increased
in recent years while access to cows has become timited! This is due in part welfare
guidelines that restrict the number of examinatiatiswed per cow and also, in the current
agricultural climate farmers and veterinary surge@re under increased time and financial
pressures, which may further reduce the numberowafscstudents are able to examine. During
training, as the student palpates the cow, therimery surgeon provides guidance. However,
providing effective instruction can be difficult ¢dBuse the student’s hand is not visible and, to
begin with at least, the student may be unable gsciibe the structures palpated accurately.
Overall, ensuring students have the opportunitres the training to develop skills adequately by

graduation has become increasingly difficult.

A virtual reality based teaching tool, the Bovined®l Palpation Simulatdrhas been developed as
a supplement to existing training with the aim qgtipping students with skills that will enhance
their learning and performance when examining coMre simulator uses a force feedback haptic
device, the PHANTOM (from SensAble Technologisyhich allows a user to interact with

computer-generated virtual environment throughstirese of touch (Figure 1).
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Figure 1: The PHANToMorce feedback haptic device. The user placesgefima thimble at the end
of the mechanical arm and palpates virtual objectsthis case the bovine reproductive tract

depicted on the computer screen.

Anatomical models have been created to represenbadlvine reproductive tract: cervix, uterus,
ovaries and pregnancies, and these are positiondhwhe pelvis and caudal abdomen. The
simulations were developed in an iterative desigicgss with regular input and feedback from
veterinary surgeons, which has resulted in thetioreaf a range of reasonably realistic models.
The models have been combined to provide a rangeewfarios for teaching students both the basic
skills, including orientating within the pelvic a&®f the cow, and more advanced procedures, such
as pregnancy diagnosis. During a training sess$tayu(e 2), the student places the middle finger in
a thimble at the end of the PHANToM mechanical aand palpates the reproductive tract,
receiving touch feedback from the haptic devicee Tdacher provides instruction while following
the student’s movements inside the virtual cowlmdomputer screen. A fibreglass model of the
rear-half of a cow has been built to cover the icagevice as this provides a more realistic
interaction with the virtual environment and theaidgint is more immersed in the learning

experience.
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Figure 2: A simulator training session. The studmlpates the virtual reproductive tract, receiving
touch feedback from the PHANToOM haptic device posid inside the fibreglass cow while the

teacher can follow progress on the computer saedmrovide instructions.

When introducing new teaching technologies it ipamant to demonstrate that the skills acquired
are at least as good as those developed usingngxisethod$ and with regard to simulator-based
training, various criteria have been identifiedttnelate to issues of validationThese include
creating a credible representation of the task pesimulated and demonstrating that skills
developed during simulator training transfer to ith&l task, that is for example, the students ate n
just being trained to use a simulator. A validatainthe bovine simulator as a teaching tool has
been undertakehSimulator training was provided as a supplemertaditional training, anatomy
lectures and practical sessions, which studentiwedn preparation for the first examination of a
cow during clinical Extramural Studies (EMS) (w@lacement training). The performance of two
groups of students was compared when examining dowthe first time and the group whose
training had been supplemented with the simulatoated and identified the uterus significantly

more frequently than the other group, who had weckionly the traditional training. This
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demonstrated the validity of the simulator as aheway tool for one of the key components of

bovine rectal palpation, finding the uterus in tiosv.

There is also a need to demonstrate the feasibilitptegration of the simulator into a curriculum
before being able to recommend widespread usaalAritegration of the bovine simulator into the
curriculum at the University of Glasgow Veteringghool was undertaken during the academic
year 2003/2004. Teaching with the simulator wasoahiced into the fourth year, the first clinical
year, as part of the bovine reproduction coursesaimdients were offered two training sessions. This
paper presents the work carried out, beginning atloverview of the first training session and the
student feedback. The information gathered was tisexd to develop the teaching protocol further
to help make more effective use of the simulatdhlwuring the second training session and in the

future.

Training Session 1

Methods

The first training session was scheduled for th& term and each student was allocated a twenty
minute slot in the timetable. At the beginning bé tsession the teacher, (Baillie), presented an
overview of the simulator-based training environtmemd the student was asked to describe briefly
his or her experience examining cows during EM$.sAldents were given the same standardised
training and were instructed in the basic procesitwe bovine rectal palpation and early pregnancy
diagnosis. Initially, the student interacted withredatively simple simulation while becoming
familiar with the haptic device. At this introducyolevel the student was directed to combine

movements in x, y and z planes, learning to ortenta three-dimensional space and practised
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palpating the basic landmarks of the pelvic areaceOfamiliar with the simple simulation, the
student worked through a range of more complexi@irenvironments and learned to develop the
skills required to find the uterus in different gmss, to identify key anatomical structures and t
perform pregnancy diagnosis (at the seven to tezkvgtage). The teacher identified each virtual
object palpated by the student and described tlagacteristic properties the student needed to
become familiar with in order to recognise the sastmacture in the cow. During the session, the
student followed the teacher’s instructions whéearhing to develop an examination strategy but

performed only limited exploration on his or herrow

Questionnaires were used to gather feedback. Tisé duestionnaire was given to students
immediately after the first session and includexketion to gather information about the student’s
experience examining cows and learning bovine rgetipation prior to the simulator training. The
students were also asked to rate various aspetie gimulator training, responding to statements
by qualifying their answer on a 5 point Likert scdfom ‘Strongly Agree’, ‘Agree’, ‘Neutral’,
‘Disagree’, ‘Strongly Disagree’. Sections were ird¢d where students were given the opportunity
to enter comments. A second questionnaire, whigd ws similar format, was handed out after

students had completed their next farm animal EM&ather further feedback on the training.

Results

Ninety-four of the 97 students in the fourth yetieraded the training session and 69 of the first
questionnaires were returned. The students whonelga had a wide range of previous experience
with 48% having examined only five cows or less%®2(L4 students) had never examined a cow),

while 10% had already examined more than fifty co@sthose students who had examined cows,
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87% had done so during EMS, 31% on farms at tintlesrdghan EMS and 5% at veterinary school,
some students having examined cows in more thansdnation. The students’ responses to
statements about the simulator training sessiorstaog/n in Table 1. The modal response was in
the ‘Strongly Agree’ or ‘Agree’ category for thd af the statements. All students who completed
the questionnaire considered that simulator trgiriiad been helpful for learning bovine rectal
palpation. The feedback also indicated that theukitar had helped students to develop a search
strategy, increased their knowledge of the relapigsition and the feel of key structures. Ninety-
seven percent reported increased confidence tamerbovine rectal palpation, although for
pregnancy diagnosis the categorisation was morsecoative (of the 88% reporting increased
confidence more than half selected the statemesporse category ‘Agree’ rather than the

‘Strongly Agree’). Guidance from the teacher wasdaas being particularly helpful.

Table 1: Student responses (n = 69), immediatdigr dhe first training session, to statements
relating to aspects of the simulator training. Eherere five response categories: Strongly Agree

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

Simulator training: SA | A N D SD
Was helpful for learning bovine rectal palpation 5415

Provided a useful search strategy 57 12

Increased knowledge of relative position of keystres| 46 23

Increased knowledge of the feel of key structures 2 334 3

Guidance was helpful during haptic training 60 S

Increased confidence to perform bovine rectal pedpa | 43 24 1 1
Increased confidence to perform pregnancy diagnosis 25 36 7 1

A high proportion of students (96%) entered commémtone or more of the allocated sections on

the first questionnaire. Those who had examinedscemntered a range of negative comments about
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their experiences including the difficulties enctarad: “you are never sure that what you're
feeling is actually what you think it is” and “Ivahys feel the pressure of time” and although
veterinary surgeons were willing to help, “it's iogsible for the vet to see” and therefore, getting
useful guidance could be difficult. With regardtbe simulator-based training there were repeated
citations similar to “it was very helpful that thetor knew where your hand was and could guide
you” and that “it was useful in establishing a noettand strategy for performing rectals” as well as
“building confidence” and provided a “relaxed le@genvironment”. However, some reservations
related to the differences between the virtual mmment and the cow as there were “no faeces and

no contractions” the presence of which would haeaased the realism of the whole experience.

The second questionnaires, distributed after tha fgm animal EMS, were completed by 50
students. The responses to statements about tw sifnulator training had on various aspects of
performance examining cows are shown in Table 2 fhledal response for all categories was to
‘Agree’ with the statements, except for confidetx@erform pregnancy diagnosis where the mode
was in the ‘Neutral’ category. Overall, althougle tlesponses were positive the category selected
was more conservative than immediately after theukitor training. The set of statements in the
two questionnaires were not identical but for samiguestion types in the first questionnaire a
greater proportion of responses were in the ‘Siodgree’ category. However, the responses
indicated that students still considered that sataultraining had been helpful for learning bovine
rectal palpation, had improved their abilities tdentate in the cow, to find and to identify the
uterus and increased confidence to perform bowotl palpation. The simulator training had been
less useful for locating the ovaries and had licheéfect on confidence to diagnose pregnancy. Of

those students returning the second questionréfifé,wanted to use the simulator again.
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Table 2: Student responses (n = 50), having unkksttéarm animal EMS after simulator training,
to statements relating to the effects of the siboulaaining on subsequent performance examining
cows. There were five response categories: StroAghge (SA), Agree (A), Neutral (N), Disagree

(D) or Strongly Disagree (SD) with the statement.

Simulator training: SA A N D SD
Was helpful for learning bovine rectal palpation 1629 5

Improved your ability to orientate in the cow 15 331 1
Improved your ability to find the uterus 9 3b 4 2
Improved your ability to identify the uterus S 30 9 2
Improved your ability to locate the ovaries 4 18 1510 3
Increased confidence to perform bovine rectal gedpa | 11 28 9 2
Increased confidence to perform pregnancy diagnosis 3 18 20 8 1

More than half the students (56%) entered commentshe second questionnaires. Recurring
remarks, made by those who had never examined abefove the first training, related to being
unprepared for some aspects of the cow that werénoluded in the simulator: “other structures
that were in the way” and “the real cow pushes yoamd out” with the suggestion that in future
“this should be explained to students”. Some regabthat dealing with these factors had hindered
their performance and that the procedure had beme wifficult than expected. The majority of
students (86%) had not undertaken further EMS betiveen one and six months after the training
session and some comments related to having “fiengjosome of the training. A range of positive
comments related to increased confidence “in erpigiwhere | might be to the vet” and “to have
a go”. Other benefits of the training were thattuld approach the situation in a systematic way

with a list of check points” and “the haptic cowgsod for identifying landmarks”. Many students
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reported they were still having difficulty locatirtige ovaries and a few made comments similar to:

“if you were using two or more fingers” the simudat would be better.

Training Session 2

Methods

Before running the second training sessions thgegrentered a further development phase. A
focus group was held with eight students who hademamined cows before the first training but
had all been out on farms since. The students deresd that they should have been better prepared
for the difficulties experienced when first examigithe real cow. Certain procedures were
identified as needing higher priority in futureitiag sessions. Ovary palpation had been covered
briefly in the first session but the training prd®d had not equipped students with the required
skills. Students considered that more time speatt@ing pregnancy diagnosis would be beneficial
and the first training had limited effect on theonfidence to perform the procedure. Again, this
area had been covered in the first session butsitnelations were limited to early stages of
pregnancy and students had been under the teadmecsion rather than making a diagnosis based
on what they palpated. The students suggestedévatg the opportunity to explore on their own
with feedback on performance, rather than beingctidd by the teacher at all times would be
beneficial. They also expressed an interest ingugia simulator to practise solving typical on-farm
fertility cases. The teacher then undertook farsity¥iaccompanied by four students who had
examined cows both before and after the first inginThe aim was to investigate the performance
and teaching of ovary palpation and the diagnoSsdeanced pregnancies. On the basis of these
findings further simulations were created and tistaodifications were made to the teaching

protocol and a series of on-farm scenarios werdemri
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The second training sessions took place in thel tieirm and were offered in free periods, as the
bovine reproduction course had been completed. vn favas distributed to students at the
beginning of term, which enabled them to select pndritise the aspects of the procedure they
wished to practice, including: early and late peawy diagnosis, finding the uterus, finding
ovaries, palpating normal and abnormal ovarianctires, repeating the first training session. The
sessions were then customised according to indistiwdent’s learning needs. Part of the session
was run in a problem-solving manner using on-facenarios. The teacher acted as the farmer and
explained why the cow had been selected for exammmaThe student palpated the simulation,
took a history, made a diagnosis and recommendmmlse of action or treatment. The case was
then discussed further with the teacher. A rangsiratilations representative of typical visits to a
dairy or a beef herd were available to studentserAtfaining students were asked to complete a

short questionnaire to provide feedback on thei@ess

Results

Fifty-four students attended the second trainirgsi®® and 43 questionnaires were returned. The
responses on the questionnaires indicated thagstsidonsidered that the on-farm scenarios were a
beneficial way of learning (on a response scaldinDely Beneficial 79%, Beneficial 21%, Neutral
0%, Not Beneficial 0%, Definitely Not Beneficial Q%Comments relating to this section of the
session were positive and included that the soemdmade the whole learning experience real”,
“helped you think in a clinical way ... and what tbensequences of your decisions and actions
would be”, “helped to put clinical knowledge andtlee info into ‘palpable’ context” and “created

the ‘stress’ that a new vet will feel”. All studsreither strongly agreed or agreed that the trgini
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had increased their confidence to perform both m®vectal palpation and pregnancy diagnosis,

although once again with more reservation aboutatter.

Discussion

The simulator was successfully integrated into ¢hericulum and the trial period provided an
opportunity to test, further develop and improve thaching tool. After the training sessions, the
student feedback was both positive and construdtigieating that students valued the simulator
training, had found the experience useful for leagra range of skills and many of their comments
provided valuable information for areas requiringdification. Additionally, the simulator enabled
the teacher to provide instruction in the technggioe bovine rectal palpation and give feedback on

performance.

The students were trained to develop and practicange of skills during simulator sessions.
Students learned to orient themselves in three{tsmeal space and to develop a structured search
strategy within the pelvic area and caudal abdor®se of the primary learning objectives was to
find and identify the uterus in different positio@s students need to master this fundamental skill
before progressing on to performing fertility exaations and diagnosing pregnancy. The student
feedback on the first training session was poshivttn immediately after the session as well ag afte
the next EMS, although with slightly more reservatin the latter case. The simulator training had
been helpful for learning the basic skills, althbuigr more advanced procedures, such as ovary
palpation and pregnancy diagnosis, the feedbadhkligiged the need for further investigation of
teaching methods and for development of more sioms Students reported that training had

increased their confidence to perform the proce@met although confidence and competence are
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not necessarily correlated, students may then bee npoepared to make the most of the

opportunities to examine cows on farms.

There are several possible explanations for theemeserved feedback about the first simulator
training in the second questionnaire, after thedestts had examined cows during EMS. The
students' comments, particularly from those who heder examined a cow prior to the training
session, indicated that they had not been adeguptepared for the full reality of the rectal
environment, as the simulator did not include apresentation of the rectum, faeces or peristalsis.
Incorporating these into the model would have bdifficult, although, the addition of a preserved
specimen rectum could be considered. Additionallyen the aim was to use the simulator to focus
on learning a range of skills within the time aahblke this would have been more difficult to achieve
if the student had spent part of the session iahexample, the hand constricted by a peristaltic
contraction. Another limitation of the simulatofakes to the single point of contact provided kg th
PHANTOM haptic device, where the user interactshviite virtual environment using a thimble
(Figure 1). Previous experience evaluating anataimmodels with veterinary surgeons had
indicated that using the middle rather than theexnfinger provided a better approximation for the
hand and that palpation of structures was thenoredidy realistic. However, examining ovaries
involves manipulating the ovary between the fingerd thumb, which cannot be represented. Until
devices that provide high-fidelity three-dimensibmgeraction for each digit and the hand become
available simulating a full ovary examination, maration together with palpation, will continue

to be limited.

The interval between training and the next EMS wamost cases several months and this may

have contributed to the reduction in the perceigldct of the teaching as some skills may have
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been forgotten during this period. In an idealatitan the simulator training would be timetabled
immediately prior to the real examinations but éhetwould be practical limitation associated with
organising this for all students. Additionally, thg simulator training, the teacher was present
throughout the session specifically to provide rinsion and feedback. Whereas in the on-farm
situation, due to practical considerations and diféculties providing instructions when the
veterinary surgeon cannot see the student’s hasiderthe cow, the teaching can be both limited

and variable.

The second training sessions were customised tb staclent’'s learning needs, which enabled
individuals to focus on the areas that they comedido be the most important. The on-farm
scenarios, included in these sessions, were wedived by students and rated as a valuable way of
learning. The students had the opportunity to adha clinician solving typical problems including
cases that represented examples of common butwdifBituations a new graduate will encounter.
The simulator represents a safe environment, if shelent makes a mistake there are no
consequences for the cow, the farmer, the new gtadar the practice. In these cases, the teacher
and student would then discuss alternative waydesdling with the situation. The on-farm
scenarios required the students to practice intiegraof knowledge: anatomy of reproductive,
pelvic and abdominal structures, physiology of tlestrus cycle and pharmacology, selecting the
drugs to treat the disease condition or manipukgteoduction. The second sessions were offered in
the students’ free time due to course restrictioviich proved more difficult to organise and, in
spite of a high proportion of students indicatihgttthey would like to use the simulator again the

attendance rate for the second session was loaertiie first.
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The validation study conducted previously showed fimulator training had a beneficial effect on
skill developmerft and the current work has demonstrated that iniegrahe simulator into the
curriculum was feasible. However, before a veteginachool made a decision to use this
technology there is a need to consider the ressuezpiired. Haptic devices are expensive although
over time cheaper versions are emerging. The tegda@ssions involve one-to-one tuition, which is
also costly in both the teacher’s time and dedicatiTherefore, there is a need to optimise the
simulator use with careful consideration of botk 8tructure of the sessions and the timetabling
within the curriculum. The student feedback indechtthat customising the training for the
individual’'s learning needs would be an efficiendywof using the simulator. Therefore, in the
future novices would be instructed in basic proceslwhile further training, for more experienced
students or in subsequent sessions would involkeetsey procedures that each student considered
to be most relevant to his or her learning needstath aspects of the procedure would be covered
in handouts, including an explanation of the ddéfees between the simulator and the real cow
with some instruction on how to deal with this,oallng the one-to-one sessions to focus on
palpation of the virtual cows. All sessions wouhdlude an element of role-playing using the on-
farm scenarios to allow students to practice dgaluith typical situations, making and thinking
about the consequences of decisions. The basimsessould be integrated into the curriculum
timetable, rather than during free time for easplafning and to facilitate attendance while furthe
training could be offered in a more flexible waypdading on demand. There would be a case for
providing the basic training prior to the first kr&emw examination. All subsequent examinations
would build on the skills developed with the sintataand if novices were better prepared for what

Is an invasive procedure there would be benefitafamal welfare.
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Conclusion

The trial integration was successful both for pdiwy training for bovine rectal palpation and
gathering feedback, which helped to improve the ofs¢he simulator as a teaching tool. The
simulator has certain limitations with regard te ttifficulties representing some of the physical
aspects of the real cow but does provide a usefyplement to traditional training methods. The
teacher is able to have an effective input into I#aning process of a procedure that is at the
moment, to some extent, self-taught. As opportesito gain experience on farms have become
increasingly limited in recent years, equippingdstuts with at least the basic skills using the

simulator will enable them to then make betterafsthe cows they examine as a learning resource.

Work continues to investigate aspects of teachnegprocedure with the simulator and to improve
the quality of the existing simulations and inceeéise variety. The simulator has the potential to
provide a versatile range of cases and these dmuldsed to help standardise basic training for all
students, which can be difficult to achieve curserffor more experienced students there would be
the opportunity to access examples of pathologioaditions and unusual cases. Simulations are
also being developed for other species with themgal that in the long-term one device would

deliver multi-species training for a range of paipa-based skills.
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