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SUMMARY OF THE THESIS

The PhD thesis contains five chapters, i.e.. the first chapter, presenting the
“Background”, information relevant to the topic in the form of literature review, the
second chapter, comprising of the first study project “Visuospatial Ability As A
Predictor Of Novice Performance In Ultrasound — Guided Regional Anaesthesia
(UGRA)”. The third chapter related to the second study project “Construct Validity
And Reliability Of An Objective Structured Assessment Tool For Performance Of
Ultrasound — Guided Regional Anesthesia (UGRA)”. This is followed by the fourth
chapter encompassing the third and final study project “The Impact of Video games on
Ultrasound — Guided Regional Anaesthesia (UGRA) skills” and finally the last chapter

revealing the “Conclusions”.

The first chapter of the thesis the “Background” includes an introduction to the
topic. It reviews the achievement of proficiency in procedural skills, common
principles regarding the educational theory behind assessment. It also examines the
literature about the diverse methods that can be used for the assessment of procedural
skills in anaesthesia and make important implications from the literature in other

fields of medicine.

In the second chapter, entitled “Visuospatial Ability As A Predictor Of Novice
Performance In Ultrasound - Guided Regional Anaesthesia (UGRA)”, the
experimental and original study will be presented, which intends to identify if

visuospatial ability could predict technical performance of an ultrasound — guided

Vi



needle task by novice operators, and also to describe how emotional state, intelligence

and fear of failure could have impact on this.

In the third chapter, termed “Construct Validity And Reliability Of An Objective
Structured Assessment Tool For Performance Of Ultrasound — Guided Regional
Anesthesia (UGRA)” another experimental and original study project will be
validated, focusing on the construct validity and reliability of a new assessment tool
for the performance of ultrasound — guided regional anaesthesia, by examining
whether it can adequately differentiate between performance levels in anaesthetists

across the spectrum of expertise.

In the fourth chapter, designated “The Impact of Video games on Ultrasound —
Guided Regional Anaesthesia (UGRA) Skills™ additional experimental, original part
will be presented, focusing on whether playing video games will predict psychomotor
performance of an ultrasound — guided needling task or could impact on tests of

visuospatial ability and also examine the correlation between these innate abilities.

At the end of each chapter are drawn a series of conclusions, concerning the

investigations performed and the results obtained. The “Conclusions” are summarized

in chapter five, where the possible future investigations are also indicated.
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CHAPTER -1

Background



Ultrasound-Guided Regional Anaesthesia

Ultrasound is a new technology used noninvasively in regional anaesthesia to locate
and block peripheral nerves. It offers a number of clinical benefits. It permits clear
visualization and localization of nerves.'® As a result, this technology assists in
identifying the best possible site of insertion for the block needle.” Ultrasound also
provides real-time guidance for the block needle during its advancement toward the
target nerve, which assists in decreasing random needle movements. At the time of
injection the spread of the local anaesthetic can also be detected which helps to make
sure that an adequate amount of drug has been deposited completely around the target
nerve.>*>89 Ultrasound-guided regional anaesthesia also reduces complications
including accidental intravascular or intraneural injection.”**%** According to Griffin
J et al. the usage of ultrasound in regional anaesthesia has become widespread because
it enabled the operator to avoid using the classically described anatomical landmark

techniques.*

Status Of Ultrasound-Guided Regional Anaesthesia

Ultrasound-guided regional anaesthesia is a significant and rapidly developing
practice in regional anaesthesia.” The practice of ultrasound-guided regional
anaesthesia has increased extensively due to its improved efficacy and safety.'**®
There is a substantial amount of evidence available, which reveals that ultrasound-
guided peripheral nerve block when compared with peripheral nerve block via nerve
stimulation increases block efficacy, prolongs duration of the block, shortens block

performance time and above all improves patient safety.'***>*° Ramlogan R et al.?°

surveyed the members of the American Society of Regional Anaesthesia (ASRA). The



survey illustrated that 67% of 583 members used ultrasound-guided regional
anaesthesia. There is a strong consensus among different experts that ultrasound

practice will soon become the gold standard for regional anaesthesia. %

Medical education in the United States has changed from an apprenticeship model of
learning to competency-based training. During this time the practice of regional
anaesthesia has also advanced — from a period of ‘clicks’ and ‘pops’ and paresthesias
to stimulating catheters and ultrasound guidance. The training curriculum in regional

anaesthesia is still based on the “see one, do one teach one” philosophy.22

There are two elements of learning ultrasound-guided regional anaesthesia. First, the
interpretation of sono-anatomy that involves identification of anatomic structures as
seen on the ultrasound images, and second the needling technique, which require
learning to control the ultrasound transducer and needle to guide the needle to the
target under direct vision. This needling technique requires knowledge of sono-
anatomy and hand-eye coordination. Ultrasound-guided regional anaesthesia is
analogous to complex surgical tasks and therefore may be successfully trained if
broken down into component parts and consecutively learned before integrating them
into complete performance of the procedure.”® American Society of Regional
Anaesthesia (ASRA) and European Society of Regional Anaesthesia (ESRA) joint
committee recommendations for education and training in ultrasound-guided regional
anaesthesia put forward a number of useful resources; a list of 10 essential tasks in
performing ultrasound-guided regional anaesthesia, recommended training routes, a

description of the core competencies, and a recommended curriculum for training in



ultrasound.?* Thus, these guidelines provide a method by which physicians can

become educated in ultrasound-guided regional anaesthesia.

Present Training Model

The health industry lags behind the other industries performing dangerous work. They
have not been able to guarantee that their human resources consist of employees who
are consistently and provably competent practitioners.”>?® The Institute of Medicine
published a report in 1999.%” According to that report medical errors have been
described as the eighth most important cause of death in the US. As a result of this
report the standard of healthcare and patient safety have become the centre of
attention of the medical profession. Training and inexperienced physicians due to their
deficiency of knowledge and technical skills can compromise patients’ safety and
care.?® They are generally exposed to limited resources and commonly encounter
inadequate supervision by the more experienced physicians. In the acute settings that
include the intensive care unit, the physicians may also have inadequate experience of

non-technical skills like teamwork, communication, leadership and management.”®

Fatigue is among one of the other factors that can play a crucial role in the
performance of the physician and may cause medical errors.®%® Work hour
limitations have been put into practice by Accreditation Council for Graduate Medical
Education (ACGME), in order to counteract the fatigue problem and for the

.>* demonstrated a

improvement of the patient safety. The study by Landrigan CP et a
decrease trend of medical errors in the intensive care unit after the work hour
limitations. But the trend of medical errors including the procedure related errors

made by ‘rested’ house officers continued to remain high. In another study, Barger LK
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et al.*® showed increased trend of significant medical errors, adverse events and
attention failures by those physicians who worked extended-duration work shifts.
Thus, the above studies provide evidence that in addition to fatigue, deficiency of
knowledge, skills and competency is responsible for causing medical errors by the

physicians.

The existing structure of medical training is based on the apprenticeship model of
‘learning by doing’. This system is also commonly known as the ‘see one, do one,

1.2 According to this system the physician gains experience during

teach one’ mode
training which assist them in learning and at the same time encourage them to become
self-reliant and independent. This long-established model is deficient for attaining the
essential components of competency in medicine. This includes constant supervision,
assessment of performance and feedback by an organized and structured technique.
According to the existing model the physician becomes competent after performing a

precise number of procedures or by completing a set number of postgraduate years of

training.

There is no official assessment of any competencies of procedural skills in most of the
countries around the world, including the US. The assessments usually occur either
after or towards the end of the physician training years. Therefore physicians continue
practicing independently without being assessed for any official competencies.

According to Reznick RK et al.*®

physicians should undergo competency-based
assessments to acquire promotion and advancement in the training programme. This
method of promotion and advancement should be preferred over a specific time period

spent in the training and be included in the current certification processes.



Many different methods have been suggested and commenced to develop the present

training programme. Some of the methods have a characteristic framework for safety

|.38 |.39.

culture.*” According to Sexton JB et al.*® and Thomas EJ et al.*%; this safety
framework can be evaluated and appraised with extensively used validated tools and
is coupled to the clinical and operational outcomes. Volpp KG et al.*° have analyzed
and recommended a number of simple and economical ways to decrease medical
errors in hospitals. They also proposed to replace this current training model with a

rational system for training physicians to perform procedures.

Drawbacks Of The Present Training Model

Physicians in hospitals commonly care for critically ill patients in acute specialties
like the emergency department, operating theatres and the intensive care unit. These
patients in all of the acute settings mentioned above are at risk and therefore any
mistakes made by any of the physicians in their care pathway can lead to a disastrous
and irreversible outcome.***® In addition to the deficiencies in education and training,
there are other causes of medical errors. These involve ineffective communication and
teamwork, inadequate supervision and failure to implement protocols or total absence
of recognized protocols.*”™® A study by Baldwin PJ et al.”® demonstrated that the
residents made a considerable amount of medical errors. These were more often due
to inadequate knowledge and lack of experience, which suggests that physicians need
closer supervision in the early years of their training. In two additional studies,
between 28% and 42% of the residents feel that they are not sufficiently trained
enough to carry out a medical procedure safely and without any assistance for the first
time®*2. Similarly, multiple simulation studies®**° have revealed that inadequate

knowledge, lack of experience and inadequate supervision are the main causes of

6



medical errors. Cox CE et al.*® revealed that 29% of the internal medicine residents
feel that they are inadequately trained to look after mechanically ventilated patients.
Almost half of them towards the end of their residency still believed that they are
incompetent to manage those patients. Wu AW et al.*® discovered in his study that
45% of the internal medicine house officers have reported that they make at least one

error, in which 31% of the cases end up as fatal.

Typically, one type of error that is quite common in physicians is a procedural error.
The procedural errors can be both diagnostic and therapeutic. There is relatively
insignificant epidemiological data regarding procedural errors. There are two main
reasons for this little data. Firstly, the errors are under-reported®” and secondly, most
of the data that is available is obtained self reportedly, which considerably
underestimate the significance of errors.”” The results of Harvard Medical Practice
Study | & Il illustrate that the second most recurrent cause of adverse events are
procedural and therapeutic errors.*®>® Similarly, in another recent study by Jagsi R et
al.?® it was proven that 31% of the most frequent medical errors that were reported by
the physicians, were accountable to procedures out of which 25% of those were fatal
or life threatening. According to the Critical Care Safety Study Group, 80% of
performance failures which consists of adverse events and medical errors were due to
skill-based slips and lapses and also knowledge- based mistakes.”® Patient safety
reporting software has also highlighted the problems of procedural errors. The
intensive care unit (ICU) safety reporting system (ICUSRS) study®®®* was a
prospective study of incidents reported by nurses and physicians. Forty nine percent

(49%) of the incidents recorded illustrated deficiencies in training and education.®® To

sum up, the above evidence implies that physicians are inadequately trained to carry



out procedures. These physicians with not enough experience and little supervision

can be unsafe for patients.

A New Training Model

The development of education for health care professionals is crucial for the
improvement of the quality and standards of health care. The aim is to develop an
outcome-based education approach that can enhance and groom clinicians to
encounter both the requirements of the patients and the changing health system.”’
There is a need for change in the training of physicians from giving emphasis on the
training process rather than the examination results. This shift from input-based

education to results-oriented education has been highlighted in recent years.®®

There are multiple organizations that have defined their scopes of practice for the use
of this new outcome-based approach. The Accreditation Council for Graduate Medical
Education (ACGME) in the USA has recognized the outcomes for graduate medical
education.** According to Schwarz and Wojtczak®®, the Institute for International
Medical Education (IIME) has recognized and implemented the minimum
international prerequisites in medical education. The General Medical Council (GMC)
in the UK has also declared its stance to concentrate on outcome-based approach.®®
The Scottish Deans’ Medical Curriculum Working group in the year 2000 has
forwarded their recommendation to focus and implement on the outcome-based model
with 12 learning outcomes, to be set up in all of their Scottish medical schools.®” The
UK Department of Health®, put forwarded the proposals on the transformation of the
medical training in the UK. As a result, the Medical Royal Colleges in the UK started

to classify the curriculum for postgraduate training on outcome-based model. The
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Joint Committee on Higher Medical Training®, then revealed a standard basic and
nonspecific higher medical training curriculum, which was based on the General
Medical Council’s good medical practice outcomes.®® In the same way, The Joint
Committee on Higher Surgical Training classified and categorized the essentials of
surgical competence.” The World Health Organization (WHO) in 1978 published an

essential report on the significance of competency-based model.™

According to the
report competency-based curriculum is vital for the education of the health care
professionals. It also predicted that this model would match with the service needs of
the National health. It further highlighted the importance of the assessment of the
defined competencies as the major determinant of any training package success.
According to the institute of medicine report in 2003, all health professionals
regardless of their discipline must possess core a set of competencies and therefore
should be educated and trained to deliver patient-centered care as members of an

interdisciplinary team. The report has emphasized about evidence-based practice with

quality improving approaches and the use of informatics.>’

One of the required characteristics of competence-based approach to education is to
be able to assess the physicians’ accomplishments of the basic competencies or
outcomes. The learning outcomes and the methods of assessment by which the
physicians’ accomplishments are appraised should be listed as clearly as possible. The
terms ‘competence’ and ‘performance’ are interchangeable. Rethans et al.”” have
described the difference between competence-based and performance-based
assessment. In competence-based assessment we appraise the physician in controlled
representation of professional practice whereas in performance-based assessment we

evaluate the physician in their professional practice. Competence is dependent on



circumstances and situation. This is because it correlates the capability of the health
care professional, the task that needs to be completed, the working environment, and
the clinical contexts in which the task is performed.” Therefore competence can only
be assessed in the work place. The professionals should be familiar with what is
required in order to provide safe care. They should know how to use their knowledge,

which they have accumulated.

The safety of the patients today is more and more recognized as an essential
measurement of quality care. As a result it has been included gradually in the
education curriculum of healthcare professionals.”*"” There is a significant amount of
evidence available, which consists of studies on the assessment of the competency of
health care professionals but none of the previous studies have focused on the aspect
of patient safety.”®’® Hence professional bodies and the World Health Organisation
(WHO) have developed and sanctioned a patient safety competencies framework for
healthcare professionals. The main purpose of this framework is to develop and
improve local patient safety training programs. "8 Thus, preferably, there would
be a toolbox available that contains all of the essential elements of the defined patient
safety competencies throughout the curriculum. Each of these assessments will be
made at that level of Miller that is appropriate to the level of training achieved by the

professional.®?

The current medical training is inadequate particularly for technical and procedural
skills. Due to this inadequacy of current training, patients’ wellbeing is being
compromised. Rodriguez-Paz JM et al.®® proposed a new and innovative training

model that should combine knowledge and skills-based learning. The teaching should

10



have emphasis on patients’ safety in both simulated and actual patients’ settings. In
this model of training the physicians should be evaluated for their knowledge,
skillfulness and be tested for their approach towards patient safety. This training
model should be based on the four principles of Miller GE’s framework for the
assessment of clinical competence.’® Richardson V*, and Schon DA® have
recommended that this model should transform the process of ‘action-reaction’ to the
process of ‘action-reflection’. They believe that this new approach of ‘action-
reflection’ is more realistic and it resembles very closely to the manner by which
humans learn. Instead of including numerous competencies related to the practice of

1.8% recommended inclusion of deficiencies and

the physicians, Rodriguez-Paz JM et a
errors in the development of the curriculum. Learning, repeated practice, performance
and evaluation form the key components of this training model. Within this model the
physicians are taught that mistakes are associated with medical training. The
physicians practice new skills in a safe and simulated medical setting. Thus they are

able to act and reflect on their skills before they actually carry out those skills in

actual patients.
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Competence And Assessment

During the mid-1960s, competency-based training began in the USA. At that time the
quality of teaching in schools was not up to standard and was criticized. Many
considered that the curriculum for teacher training had little correlation to the job
requirements of teaching.?® Then with the assistance of federal government funding,
several colleges began to implement on this new educational model and started
teaching and training student teachers according to a new competency-based
curriculum. The curriculum focused on classroom skills. The assessment was then

based on practice and concentrated more towards observation of skills in action.®’

In the UK, during the early-1980s there was an enormous increase in youth
unemployment. Due to that, many employers at that time were of the opinion that
school leavers were deficient with the type of skills needed for work. The vocational
education in the UK was compared critically with other developed countries. As a
result, the government was convinced about the education reforms and started
thinking on the introduction of competency-based training. The main objective of the
vocational courses is to teach skills applicable to the relevant employment. Many
experts have extended this main objective to include learning in terms of changes in
behavior. These changes are known as learning outcomes. These changes are defined
in a new type of syllabus, which concentrates on the skills, knowledge and
understanding the learner will attain at the end of the course rather than listing what is
to be learned. The new vocational curriculum lists learning aims in great detail. The
competence model of the curriculum is related to a new view of evaluation.
Conventionally, a test is said to be successful if it consistently measures a candidate’s

performance in terms of scores in the provision of a pass mark. According to this new

12



view a test is only successful when the pass mark guarantees the good
accomplishment of the candidate by application of the knowledge attained into the
practical work. This type of assessment cannot be implemented in examination centres
and hence observations of the candidate in action have a vital role in the assessment

process.

In medicine most examinations intend to look at the deep understanding of
fundamental concepts of the professional. They do not aim to test and analyze the
capability to do a job. Recent trends have shown that there is a shift within general
education towards learning and assessment that are more focused on the ability of the
learner to do the job. These changes towards competency-based education are
essential enough to cause a paradigm shift in education. In this innovative educational
model, assessment is done by means of direct observation of competence. According
to Jessop G®, “Assessment of performance in the course of normal work offers the
most natural form of evidence of competence and has several advantages, both
technical and economic.” Medical education is vocational. Medical curriculum has
typically been academic in nature with conventional exams towards the end of the
year. These exams are used as a mode of assessment and promotion. Medical
graduates are being taught both theory and clinical practice, which have been
incorporated into to the curriculum to make them clinically competent professionals.
New methods of teaching medical graduates have preferred learning outcomes than
success in academic examinations. Problem based learning is a form of a
performance-based approach to education, in which the curriculum improves the skills
of medical practice. These skills include the use of decision-making and clinical

reasoning. Learning and assessments are closely connected to each other and
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education is holistic. The use of both competency-based teaching and assessment is

now being encouraged in medical education.®

An assessment is something we carry out to evaluate the outcome of a learning
experience. It can acquire various different forms such as an examination, a multiple-
choice questionnaire (MCQ), an oral examination, an objectively structured clinical
examination (OSCE) or a workplace observation. Assessment is a necessary element
of competency-based education.®®* The main usage of assessment should be to
provide feedback and for summative examination. Every assessment should be in
accordance with a simple set of rules. They should have a purpose and an outcome. In
addition, it is very important that they must be valid and reliable. A valid assessment
is one that measures what it is supposed to measure. A reliable test is one that
produces the same results if the candidate immediately retakes the test and
irrespective of which examiner marks it. An assessment also expresses something
about the philosophy of education and learning. Traditional academic education is
associated with the view that learning trained the mind in ways that were of general
benefit to future performance. Cardinal Newman (1852)%, expressed this view of
liberal education as: “Even though it be turned to no further account, nor subserve any
direct end.... To open the mind, to refine it, to give it powers over its own facilities is

an object as intelligible as the pursuit of virtue.”
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Assessment Of Clinical Competency

One of the most difficult challenges confronted by medicine today is the assessment
of clinical competence. Miller GE®? has provided a framework in the shape of a
pyramid for the assessment of clinical competence [figure 1]. This pyramid
framework consists of 4 levels. The first level is termed as ‘knows’, which is the
‘knowledge’ base that is considered necessary by a physician in order to perform their
professional job effectively. Most of the examination systems consider measurement
of this knowledge base through objective test methods, to be sufficient. This first level
is vital but an incomplete tool for assessment of competence. The second level is
known as ‘knows how’, which is the capability of the physician to use the knowledge
that they have acquired. The physician should develop the skill of gaining information
from a range of human or laboratory sources and then should be able to carry out the
analysis and understanding of the data. Last but not least, is to be able to finally
convert the results into a logical diagnostic or management plan. Webster calls this
logistic approach of having an adequate knowledge, skills, judgment or strength for a
particular task as ‘competence’. The third level is recognized as ‘shows how’. There
has always been a concern that what will the physicians do when they will encounter
real patients? Academic examinations have failed to record this. This means that in
addition to ‘knows’ and ‘knows how’, the physicians should be able to ‘shows how’
they do it. Clinical teachers nowadays concentrate more on this assessment of
‘performance’ goal. The fourth and final level is documented as ‘does’. By this we
mean that what a physician actually ‘does’ when performing his professional duties
independently in a clinical practice, after undergoing assessments of all the three

levels mentioned above. Thus, this is the ‘action’ element of the professional behavior
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and on the whole is the most complex and complicated to be assessed consistently and

correctly.

Figure 1 Framework for Clinical Assessment®?

The first and second levels ‘knows’ and ‘knows how’ respectively, are appraised and
measured by the conventional assessment tools of oral and written tests. The third
level ‘shows how’ are assessed by practical examinations, observation of long or short
cases, or objective structured clinical examination (OSCE). The fourth level ‘does’

can be evaluated by observing the physician at its workplace.**
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Competency And Anaesthesia

In anaesthetic education both competency teaching and assessment are being
implemented. The curriculum “Objectives of Training in Anaesthesia” by the
Australian and New Zealand College of Anaesthetists is prepared on the basis of
competency model.*® On the other hand, the anaesthetic syllabus by the Royal College
of the Anaesthetists’’ is not entirely based on the competency model. This
competence-based learning is coupled with workplace assessments. The national
examinations aim to make sure that the new medical professionals entering into the
specialist practice have attained the competent status. The exams concentrate mainly
on the knowledge component of the specialty, which will be tested by fair, reliable
and feasible assessments when applied to large groups of candidates.*® Practical skills,
performance and personal behavior are vital for an effective anaesthetist but they are

not open to formal examination testing.

Although the research data is limited to support the connection between academic
accomplishment and success in the workplace, the government and the public
associate examination passes with distinction and quality. Assessment at workplace
consists of taking a broad view from an observation, which has been recorded during
working hours. The sample of professional behavior observed must be a symbol of all
related behaviors.””*® According to the Standing Committee on Postgraduate Medical
and Dental Education (SCOPME)®, there is a need for service-based assessment. This
assessment must be impartial and supposed to be a formal process with a right of
appeal. It should form one of the building blocks of the learning development. Limen
referencing can provide the foundation for the standard of a workplace-based

assessment.*® According to the limen referencing the standard of the performance is
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correlated to the assessor’s expert understanding of the minimum standards required
for the safety of the performance. Paget NS et al.'® have considered limen-

referencing approach very useful and reliable. Jolly B et al.*™

in the good assessment
guide have considered this method as one of the best for assessing the performance of

the complete task.

Technical Skills In Anaesthesia

The ability to perform practical procedures efficiently and safely is a significant
aspect of the practice of Anaesthesia. In the specialty of anaesthesia procedural skills
are given less importance and hence, are appraised inadequately when compared with
other areas of learning like knowledge and judgment-based skills. Surgical outcome is
associated with good quality of procedural skills.*®® In surgery there has always been
an increase emphasis on this area of learning. In fact the field of surgery has lead the

way in the research and the development of the assessment of procedural skills.*

Technical skills Accomplishment

The process of procedural skills achievement consists of three stages: cognition,
integration and automation.'®® Cognition means development of an understanding of
the task. It also includes perceptual knowledge. It is supported by a clear explanation
and demonstration of the task. The Integration stage consists of the incorporation of
the knowledge gained in cognition stage into the learning of the motor skills for that
specific task. As a consequence the task becomes automated that is involuntary and
spontaneous. In order to become an expert or be competent in a procedural skill, an

individual needs to undergo and practice that task or skill multiple times, depending
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upon that specific task. The standard of teaching and the talent of an individual also
play an important part in achieving competence. In the anaesthetic curriculum the
skills that are taught initially to the trainees are typically simple and uncomplicated.
After achieving competencies in those simple and uncomplicated cases, the trainees
are then introduced to a broader and advance range of normal and pathological cases,
which are required in order to achieve competency and expertise. According to
Hamdorf JM et al.’®* the retention of these motor skills mostly relies upon the level, to

which the skill was learned, experienced and perfected.

Types of Assessment

Assessment differs from evaluation by the practice of reliable, quantitative tools with

105

a assessable level of objectivity.” Assessment can be performed by the following

approaches below:

Summative Assessment
Summative assessment is used to make outcome decisions.*®®**’ It is completed

towards the end of a training period. According to Gardner J'®

, this type of
assessment generally gives a grade or a pass/fail. It has generally been described as
‘assessment of learning’. Summative assessments can be used for many different
purposes, such as;
1) It can form a part of the progress within a competency-based training system.
2) It may possibly be used for certification or revalidation of medical licensing.

3) It can be required for promotion of an individual from junior to senior level, so

that they should be allowed to have considerable level of responsibilities.
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In the specialty of anaesthesia self-reported procedure lists or logbooks, retrospective
subjective feedback from an educational supervisor or both has been used in the

summative assessment of procedural skills.'®°

Formative Assessment

In Formative assessment information about an individual is collected and then used to
provide feedback and encourage learning.’%’ It is used to facilitate learning and have
been described as ‘assessment for learning’. This assessment is generally carried out
during supervised clinical work. The feedback should be provided well in time so that
it can of benefit in the individual’s development. Turnbull J et al.™ have
recommended that feedback should be given as soon as possible, sometimes
concurrently during the performance of the procedure. On the contrary, Schmidt RA

1. and Xeroulis GJ et al.*? have revealed the importance of feedback after the

et a
completion of the performance of the procedure. They believe that this type of

feedback also facilitate in long-term retention of skills.
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Quality Of Assessment

In order to be effective, assessment tools must accomplish adequate levels of
performance for six characteristics including reliability and validity.**® Feasibility

means that whether an assessment tool can be used in any specific program.

Reliability

Reliability is described as the reproducibility of a test result. Two different raters
independently appraise performance and accomplish similar conclusions. In education
they are also known as inter-rater agreement or test-retest agreement. These
agreements are frequently described as ‘external reliability’. Reliability can be further

illustrated by different statistical analyses below:

1) Pearson’s product-moment correlation coefficient (r):

This has been used to describe inter-rater agreement. An ‘r’ > 0.75 means excellent
agreement.’®® However, this method has been criticized by Hunt RJ*** as not
accounting for bias. For example, if one examiner consistently uses the low marks in a
scale and another examiner consistently uses the high marks, they could still have a
high correlation coefficient if they rank subjects similarly. This bias is particularly

significant if the assessment tool has a set pass mark.
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2) Intraclass correlation coefficient (ICC):

The Intraclass correlation coefficient is also used to depict inter-rater agreement. It
explains the agreement that would be seen by chance. It is defined as the ratio of
variance between subjects due to error variance. According to Vassiliou MC et al.***,
an ICC of 0.8 means that 80% of the variance among scores can be attributed to true
variance among subjects. Muller R et al.** have described another type of ICC called
Cohen’s ‘x’ coefficient. This is used when there are two raters. According to Landis
JR et al. a ‘x’ > 0.80 indicates a near-perfect agreement; 0.61 — 0.80, substantial
agreement; 0.41 — 0.60, moderate agreement; 0.21 — 0.40, fair agreement; 0.00 — 0.20,
slight agreement; and < 0.00, poor agreement.*® This classification is not accepted
universally and in a practical world the degree of acceptable agreement depends on

the circumstances.

Internal consistency is not whether a subject performs similarly in each part of a test,
but whether different subjects tend to do well or badly on the same parts of the test.
Internal consistency is a commonly used measure of reliability and it is sometimes
also referred to as ‘Internal reliability’. Cronbach’s ‘o’ gives a value ranging from 0.0
—1.0. By rule 0.0 — 0.5 can be rated as imprecise, 0.5 — 0.8 as moderately reliable and

0.8 — 1.0 can be used with confidence for certification purposes.
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Validity
Validity refers to whether the test is actually measuring what it is designed to

measure. It has following types;

1) Face Validity:

Face validity is described as a general impression of whether the evaluation seems to
be appropriate. For instance, evaluating performance of epidural anaesthesia on a
banana model has little face validity as compared to a direct observation of the
placement of an epidural in a patient.

2) Content Validity:

Content validity denotes to whether an assessment tests the content either of what was
being taught or appropriate content as defined by a group of experts.

3) Concurrent Validity:

Concurrent validity determines validity based on agreement with another established
valid measure.

4) Construct Validity:

Construct validity is used when there is no recognized gold standard for comparison.
An education evaluation is considered valid if it can differentiate between groups with
different levels of experience. It becomes progressively more valid if the groups it can
distinguish between are more similar in experience.

5) Predictive Validity:

Predictive validity is the ability of a test to predict something that happens after the

test such as a clinical outcome or the future test results of a subject.
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Methods For Evaluation Of Technical Skills

Checklists

Conventionally, a consultant carries out the assessment of procedural skills by direct
observation without criteria. Direct observation has high feasibility in the specialty of
anaesthesia due to the nature of the specialty involving high level of supervision.'®’
Unfortunately these assessments without a certain criteria have poor reliability and

validity.

Checklists are utilized for grading performance during direct observation with criteria.
Checklists split a procedural task into its component parts. A dichotomous pass/fail
outcome is then allocated to each component part. Friedman Z et al.**’ have modified
the checklists by removing binary pass/fail outcome and introducing outcomes of ‘not
performed’, ‘performed poorly’, and ‘performed well’. This has made the checklists
more qualitative at the expense of losing its objectivity. Checklists have a possible
drawback that is, if all phases of the task are considered equivalent regardless of any
clinical significance, then the individual can achieve high score in spite of leaving out
important phase. This drawback can be compensated in two ways. Firstly, certain
important phases that have clinical significance can be labelled as critical phase such
that in case of leaving out may result in an automatic fail. Secondly, an overall
pass/fail option is added to the scoring system. The study by Friedman Z et al.'*’
revealed excellent reliability of checklists in the assessment of epidural anaesthesia.
Construct validity has also been established for checklists in the same study.
Similarly, Naik VN et al.'® proved that checklists when used by trained assessors

have been found to have good reliability for the assessment of interscalene brachial

plexus blocks. They also established the construct validity.
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Global Rating Scales (GRS)

Global rating scales (GRS) make use of a Likert scale instead of a dichotomous
outcome. It consists of different degrees of responses in each category. This
arrangement makes them more qualitative but less objective than checklists.*** Naik
VN et al.’® and Thompson WG et al.'*® respectively have revealed during assessment
of procedural skill that global rating scale may either illustrate an overall idea of the
quality of performance or there may be a Likert scale for a number of different
domains within an overall performance. Global rating scale can be employed both
prospectively and retrospectively but evidence revealed that when used
retrospectively, reliability is compromised.™® Like checklists global rating scales also
have some drawbacks. One of the phenomenon is ‘halo effect’. In this when a good or
bad quality performance in one area unnecessarily influences the grade of
performance in other domains. Studies have held inexperienced assessors accountable
for this phenomenon.™®*° Self-imposed scale limitation is another problem of global
rating scale. The assessors limit themselves only to the high end of the scale. In fact
Thompson WG et al.**® have shown in their study that 95.6% of the scores on a nine-
point scale were between 6 and 9. Again the causes for this are lack of trained
assessors and/or reluctance of the assessors to fail the subject. The University of
Toronto developed the first global rating scale for the assessment of procedural skills

in surgery.*?**2! Construct validity of this tool has been established numerous times

120,121 106,117 In

for the assessment of procedural skills both in surgery and anaesthesia.
addition, multiple anaesthetic studies’®**"*# have also revealed good reliability for
this tool in the assessment of procedural skills. At present, global rating scales are also

being employed for in-training assessment of procedural skills in the UK Foundation

Programme. One of the compulsory competence assessment tool is Direct Observation
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of Procedural Skills (DOPS).®’ DOPS is a specific 6-point, 11 domains global rating

scale that is used to evaluate performance in procedural skills.

Relationship between GRS and Checklists

Goff BA et al.'*® and Morgan PJ et al."* have established good reliability for both
global rating scales and checklists, in their studies. In a simulated surgical study,

Regehr G et al.'®

compared global rating scale and checklists and established that
both tools illustrated construct validity and good reliability but global rating scale
depicted better construct validity than checklists. Aggarwal R et al.'?® recommended
that procedure-specific scales are much more advantageous since they provide a
further degree of formative feedback to generic scales. Sites BD et al.'®’ have
confirmed this in their study of ultrasound-guided regional anaesthesia, where a

generic scale is not suitable for a specific skill of ultrasound-guided regional

anaesthesia.
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Simulation

Simulation consists of the practice of manikins, human cadavers, animals, virtual
reality, and standardized patients. ‘Part-task’ trainers (PTT) simulate a particular
anatomical area or procedure as compared to full-patient simulation with a computer-
enhance mannequin. PTT are usually less costly than full-patient simulators.
According to Vadodaria BS et al.'?® full-patient simulators deliver better results in
terms of reconstructing the whole clinical situation. By fidelity of a simulation we
mean that how much closer is the simulation task to the ‘real world’ or actual task.
There are numerous advantages of appraising procedural skills in simulated conditions
rather than in actual clinical conditions. According to Ziv A et al.'®® assessments of
procedural skills in a simulated setting avoid possible injury to patients. They have
described it as an ethical imperative. Anaesthetic simulations like the Bill 1 airway
simulator for cricothyrotomy*®* and a virtual reality flexible bronchoscopy

simulator*®! have all established their construct validity.
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Cumulative Sum Analysis (Cusum)

Cumulative sum analysis was originally developed in industry for quality control. It is
a statistical method that focuses on the outcome instead of the process of performance
of the procedural skills. It plots a graph of the subject’s performance over time based
on predetermined criteria for success or failure. A value for Cusum is plotted on the y-
axis and the number of attempts on the x-axis. Failures result in a move up (and
successes down) the y-axis as the subject progresses through increasing numbers of
attempts. When the Cusum score decreases below a level based on a predetermined
‘acceptable failure rate’, the subject can be considered to be competent with statistical
significance. The distance of the individual from a predetermined line indicates that
how far they are from achieving competency as defined by Cusum.**? The other
endpoints such as a change in the curve refer to an improvement or decline in the
performance.”®*** The Cusum analysis is an effective objective tool to describe
learning curve. The number of cases or attempts required in order to attain

competency can be projected by the usage of Cusum analysis.**?

According to Naik
VN et al.™®* the required number of cases or attempts differs extensively between
different individuals. The study by de Oliveira Filho GR™* revealed that the number
of attempts to achieve competency in tracheal intubation was between 09 and 88. One
of the weaknesses of the Cusum analysis is to be dependent on self-reporting that can
make it incorrect. The objectivity of the Cusum depends upon the pre-determined
success or failure endpoints. The evidence proves that the classification of the

endpoints can be different extensively.'331%>1%
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Logbooks or Procedural Lists

Traditionally, procedural skills have been assessed by a combination of a subjective
opinion from an educational supervisor and logbooks or procedural lists.*®® Due to
high feasibility procedural lists have retained their popularity and are still being used
as a common type of assessment of procedural skills. In order to advance and undergo
development of acquisition of procedural skills, one must perform a specific number
of procedures.”*** This specific number of procedures is highly variable between
individuals. Procedural lists are used for summative assessment. Their usefulness is
limited when used for summative assessment. The reason for this limitation is because
there is no assurance of correct performance of the procedure by the individual. The
individuals can repeatedly make mistakes and at the same time regard their own
performances satisfactory. According to Bould MD et al.**’ procedural lists are
excellent tool for assessing the training prospect of the posts or the programme rather

than for assessing an individual.

29



Psychometric and aptitude testing
The role of Psychometric testing in the surgical field for predicting procedural

.18 in his study have found mixed

performance has little significance. Wanzel KR et a
results. He revealed statistically significant and modest correlation between the Z-
plasty procedure performance and its scores in tests that assesses the ability to rotate
2D and 3D figures mentally. He did not find any correlation with less complex tests
that assess the recognition of simple shapes. Similarly, according to Gallagher AG and

139 there was a modest correlation on comparison between performance in

colleagues
PicSOr and laparoscopic performance of both novices and expert laparoscopic
surgeons. The MICRO computerized Personnel Aptitude Tester (MICROPAT)
measures psychomotor ability. It has been investigated in different anaesthetic

140,141

studies and has been found of limited application. Psychometric testing in

anesthesia at present is essentially a research tool and mostly unproven.

30



Other Methods for Evaluation of Technical Skills

The Objective Structured Assessment of Technical Skills (OSATS):

OSATS s related to the objective structured clinical examination (OSCE). After the
widespread recognition of OSCE, a group in Toronto developed an analogous model
for the appraisal of technical skills."®® According to Reznick R et al.'* it is an
objective assessment of procedural skill outside the operating theatre. It consists of six
stations where residents and trainees perform procedure tasks on live animal or bench
models in fixed time periods. During the performance of the tasks the residents and
trainees are assessed by procedures specific checklists and global rating scale.
Multiple studies*?**?*'?3142 have provided evidence regarding OSATS to be a reliable
instrument for measurement of procedural skills. OSATS have also established its

constructive!??3

and concurrent validity. The drawback of OSATS is that they are
relatively expensive to run and difficult to put in order because of its extensive
setting.'** By using this method of assessment Datta V et al. demonstrated the

construct validity of the global rating scale with an inter-rater reliability of 0.81.**
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The Imperial College Surgical Assessment Device (ICSAD):

ICSAD is a commercially available electromagnetic tracking system (Isotrak II,
Polhemus, United States). This motion analysis device originally intended to
investigate the hand movements of the surgeons. The construct validity of ICASD for
a range of laparoscopic and open surgical tasks has already been established.*®

Nowadays it has started making its way into the specialty of anaesthesia.'*®
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CHAPTER -2

Visuospatial Ability As A Predictor Of Novice Performance

In Ultrasound — Guided Regional Anaesthesia (UGRA)
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INTRODUCTION

Opportunities to develop practical expertise in contemporary United Kingdom
medical practice continue to be eroded by the work time regulations, an increasing
focus on service delivery, and the need to ensure patient safety. It is no longer
acceptable to allow medical trainees to practice on an unsuspecting public. Thus, a

need exists to accelerate expertise development.

The ability to perform practical procedures competently is essential to the safe
practice of anesthesia. Ultrasound—guided regional anesthesia (UGRA) is a complex,
invasive procedural skill that requires manual dexterity, hand-eye coordination and a
working knowledge of sono-anatomy.**’ International regional anesthesia societies
have emphasized the need for training and competency assessment in UGRA to
ensure safe practice.?***89 However, some trainees will learn more quickly than
others.™®® Early identification of those who may require additional support is key to
developing efficient expertise acquisition within the time constraints of postgraduate

training.

The assessment of procedural skills is anesthesia has generally been given less
importance than the assessment of knowledge and judgment-based skill.**"*!
Anesthesia is predominantly a procedural specialty but has lagged behind other

domains®*1%

in assessing the technical skills of its professionals. Visuospatial ability
is the capacity to mentally rotate and manipulate 2D and 3D objects. Previous work in
laparoscopic and endoscopic surgery has demonstrated that visuospatial ability

correlates significantly with the performance. 354155159167 Mental rotation is a
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visuospatial ability, which correlates positively with novice performance of simple
laparoscopic tasks on bench-top models.>*%°1%188 At 3 basic level, it is possible that
laparoscopy and UGRA are similar with respect to the interaction of the operator’s
hands and eyes with the ultrasound probe/laparoscope, the patient and the screen. The
importance of visuospatial aptitude has been emphasized in UGRA skills
acquisition.**” However, there is little evidence supporting the role of visuospatial
testing in UGRA. The primary aim of this study was to determine whether
visuospatial ability could predict novice performance of an ultrasound-guided needle
task. Specifically, we chose to study the Mental Rotation Test (MRT), the Group

Embedded Figures Test (GEFT), and the Alice Heim Group Ability Test (AH4).

Furthermore, procedures undertaken both in the real clinical context and while being
assessed are likely to generate emotional responses, such as anxiety associated with
the task. All these are known to have detrimental effects on the performance.*®®*"?
The anxiety relationship of the participants is previously known to influence how well
they perform the task. This anxiety-performance relationship may be linear (higher
anxiety is linked to reduced performance) or quadratic, represented by an inverted U-
shaped function (that is low and high anxiety are linked to reduced performance with
greatest performance at optimal levels of anxiety). " The trait, fear of failure is a
sub-clinical form of state anxiety when success is being valued. Fear of failure is seen
as synonymous with anxiety.'’**"® At a dispositional level, traits such a fear of failure
and competence beliefs that people hold, could potentially hinder performance by

enhancing the negative effects of anxiety (fear of failure increases anxiety that

eventually leads to performance deficit — a simple mediation model).*’"*"® In addition,
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general cognitive ability is considered to be one of the best predictors of performance

overall.t”®

Therefore, as well as examining the effect of cognitive skills on the ability to perform
procedures like this, the effect of emotional processes also needs to be explored.
Unfortunately most of the previous studies have focused exclusively on cognitive
skills 138 147155,161187 Thig stydy therefore, adds to the literature by also including

assessments of anxiety and mood associated with the performance of the task.
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METHODS

The study was reviewed and approved by the University of Nottingham Medical
School Research Ethics Committee (Approval Reference; L13092012 SCS
Anesthesia). Medical students from the University of Nottingham Medical School
were invited to participate in the study through poster advertising. The poster
[appendix 1] was distributed via e-mail, and displayed on the Networked Learning
Environment (NLE), by and with the permission of the medical student undergraduate
co-ordinator (University of Nottingham). Students who expressed a wish to participate
were emailed a participant information leaflet [appendix 2-5] and an invitation to
attend the study. Written informed consent [appendix 6] for the study, including

video recording, was taken from all participants.

Design:
This single center, prospective, blinded observational study was conducted at the
University Department of Anesthesia, Queen’s Medical Centre, Nottingham

University Hospitals NHS Trust, Nottingham UK.

Subjects with previous experience of ultrasound scanning or of performing regional
anesthesia were excluded from the study. The study was organized in four phases
[figure 2]. The enrolled medical students were asked to undergo and complete all four
phases of the study. Participants’ identities were masked throughout the study, and
their assessments were concealed from view within individual folders. Assessors of
the ultrasound-guided needling task (phase four) were blinded to the outcomes of the

preceding assessments.
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Figure 2 Flowchart showing study design
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PHASE ONE
This phase aimed at collecting basic demographic data including age, sex, year of

study in medical school and previous experience of UGRA.

PHASE TWO

This phase consisted of visuospatial, emotional, and numerical reasoning assessments
of the study participants. The assessments were paper-based and administered under
examination conditions. Participants were blinded to the study hypothesis and their
test scores. Brief descriptions of all the visuospatial, emotional, and numerical

reasoning assessments are provided below.

Visuospatial Assessments:

The visuospatial assessments consisted of the Mental Rotation Test (MRT), Group

Embedded Figures Test (GEFT) and Alice Heim Group Ability Test (AH4).

Mental rotation Test (MRT)"%%*%?

There are four different variations, based on the original Vandenberg & Kuse
(1978) mental rotation test figures, which in turn are based on figures provided by
Shepard & Metzler.'®® These include MRT-A, MRT-B, MRT-C and MRT-D

respectively.

MRT — A: This is the standard set, with stimulus figures redrawn from the original

Vandenberg & Kuse set.
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MRT — B: This consists of the same items as MRT — A, but reshuffled in a
different order. This test is meant to be used as alternative test of similar difficulty
as MRT — A. In practice, it seems to have consistently lower means than MRT —

A, but the difference is not significant.

MRT — C: This is the most difficult version of the mental rotation test. It requires
the subject to rotate the stimuli in two directions. While MRT — A and MRT — B
engages mental rotation around the vertical axis, this test involves mental rotation

around both the vertical and horizontal axis, respectively.

MRT — D: This test is similar to MRT — A, with the exception that all stimulus and
target figures are rotated 90 degrees to the left. In order to solve the problems,
subjects have to rotate the figures around the horizontal axis. This appears to be

more difficult than rotation around the vertical axis.

There are two forms of the original Vandenberg & Kuse test in the literature, one
with 20 and one with 24 problem sets. We used MRT-A, which consists of 24
problem figures. Each problem task has a target figure on the left and four
stimulus figures on the right. Two of these stimulus figures are rotated versions of
the target figure and two of the stimulus figures cannot be matched to the target
figure. The aim is to mentally rotate the figures around the vertical axis to find the
two correct rotated versions of the target figure. Participants were given four
minutes to complete the first set of 12 problem tasks, followed by a one-minute
break before completing the second set of 12 problem tasks in the next four

minutes.
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Two ways of scoring are found in the literature. The first gives one point for each
correct answer, and a point is subtracted for each incorrect answer. This would
yield a maximum of 48 points. However, we used the other method of scoring,
where one and only one point is given if both of the stimulus figures that match
the target figure are identified correctly. No point is given for a single correct

answer. This means that the maximum score obtainable is 24 points.

The Group Embedded Figures Test (GEFT)"**'®

This test was developed by Philip K. Oltman, Evelyn Raskin, and Herman A.
Witkin. The GEFT was designed to provide an adaptation of the original
individually administered Embedded Figures Test (EFT), which would make
possible group testing. The use of the individually administered EFT is often
impractical where large numbers of subjects must be tested for screening on the
field-dependence-independence dimension. The GEFT has been modeled as
closely as possible on the individually administered EFT with respect to mode of
presentation and format. It contains 18 complex figures, 17 out of which were
taken from the EFT. The GEFT measures field-independence, which is the ability
to perform a focal task independently of any background information or
distracters. The aim is to find a previously seen simple figure within a larger
complex figure, which has been structured in a way to obscure or embed the
simple figure. The participants were required to identify and outline accurately a
simple shape embedded in a complex figure. The test consists of three sections.
The participants were initially given two minutes to complete the seven problems
in the first section. Following this, second and third sections consisting of nine

problems each respectively were completed in 10 minutes.
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The score is the total number of simple forms correctly traced in second and third
sections combined. Omitted items are scored as incorrect. The items in the first
section are not included in the total score. However, the scorers scanned this
section before starting to score the test as a means of making sure that the subject
has understood the test directions. In order to receive the credit for an item, all
lines of the simple form must be traced; the subject has added no extra lines and
all incorrect lines have been erased. In this way the maximum score a subject

could attain is 18.

Alice Heim Group Ability Test (AH4)%®

The AH4 is designed as a group test of general intelligence, which primarily
assesses deductive reasoning including verbal, mathematical and spatial reasoning.
Many current intelligence tests consist of problems involving only one ‘bias’ and
only one type of principle. The aim in AH4 is to incorporate as many different
‘biases’ and principles as is consistent with a reasonably short test and with the
inclusion of preliminary examples, which are illustrative of all the principles,
found in the test proper. AH4 incorporate 2 parts. Part-1 consists of 65 questions
that have a verbal or numerical bias. Six types of principle are included:
directions, verbal opposites, numerical series, verbal analogies, simple
arithmetical computations and synonyms. Part-2 comprises of 65 questions which
have a diagrammatic bias and which exemplify five types of principle: analogies,
sames, subtractions, series and superimpositions. These are in multiple-choice
form, the number of proffered answers in every case being five. In both parts of

the test, the principles are presented cyclically, in the orders given above and the
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problems are arranged roughly in ascending order of difficulty within each

principle.

In our study we used AH4 to only assess diagrammatic bias in the form of spatial
reasoning skills, which is the ability to visualize, mentally rotate and manipulate
two-dimensional or three-dimensional shapes or patterns. As mentioned above the
test consists of 65 questions and the time limit for completing the test is 10
minutes, exclusive of the preliminary examples. One mark is scored for each

correct answer. Therefore the maximum score that could be achieved is 65.

Emotional Assessments:

Emotional processes that tap into state anxiety or tense arousal, as well as positive
mood states (e.g., energetic arousal), were assessed using the UWIST Mood Adjective

Checklist (UMACL) and Fear of Failure.

UWIST Mood Adjective Checklist (UMACL)*®

The UMACL is used to measure mood and comprises three bipolar scales:
energetic arousal (EA) [vigorous vs. tired: coefficient alpha = .79], tense arousal
(TA) [nervous vs. relaxed: coefficient alpha = .76] and hedonic tone (HT)
[pleasant vs. unpleasant mood: coefficient alpha = .81].** In addition to these
scales, a mono-polar anger/frustration (AF: coefficient alpha = .80) scale was also
used. The participants were instructed to complete the UMACL checklist
according to their present mood using 28 adjectives each on a four — point scale

(‘definitely’, ‘slightly’, ‘slightly not” or ‘definitely not”). Scores were obtained by
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summating item scores, but on the UMACL, positive items are ‘reverse-scored’.
Therefore subtracting each positive item from ‘5’ recalculated the positive items,

before item scores are added together.

Fear of Failure®

‘Fear of failure’ assesses the general preference to be motivated not to succeed but
to avoid failing. This assessment consists of four statements pertaining to fear of
failure, each scored on a four — point scale (‘always’, ‘often’, ‘rarely’ and ‘never’).
The participants had to mark one option, which is most relevant to them. Scores
were then obtained by summating the item scores. The reported coefficient alpha

was .70.

Numerical Reasoning Assessments:

Numerical Reasoning Test (NRT-20)*%°

This test measures mathematical and logical reasoning via 20 short reasoning
problems based on numbers that do not require any previous training in
mathematics. It is a test of fluid intelligence, which depicts skills of problem
solving, abstract reasoning, and ability to learn new things, irrespective of prior
knowledge or education. There are 20 items, which include series completion
(numbers and matrices), basic arithmetic problems (computational speed), and
other deductive reasoning tasks. The participants were given 15 minutes to solve

as many problems as possible.
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PHASE THREE

The third phase is a teaching intervention. In this phase the participants were given 30

minutes to watch and review an 11 — minute video™ presentation mapped to specific

learning objectives, which modeled expert performance of ultrasound-guided needle

advancement in a turkey breast model.

The learning objectives were:

VI.

VII.

Switch on the ultrasound machine (S-Series, Sonosite Limited, Hitchen, UK).
Correctly orientate the ultrasound probe (linear, 38mm) in relation to the
display on the screen.

Ensure adequate application of conducting gel to enhance ultrasound
transmission and picture quality.

Locate and identify the target (olive) within the turkey breast.

Adjust the gain function to improve the quality of the image by altering
brightness of the picture.

Alter the depth of the image to obtain a suitable image of the target.

Using an in-plane approach, insert a 50mm Stimuplex® A needle (B. Braun,
Melsungen, Germany) into the turkey breast and aim to place the needle tip at
the 12 o’clock position, as indicated by the attending assessors, above the

upper edge of the target, without piercing the target.
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PHASE FOUR

The fourth phase included an ultrasound-guided needling task and its assessment.
Participants were asked to complete the ultrasound-guided needling task, as
demonstrated in the video, on a turkey breast model*****® using a standard ultrasound
transducer probe (38-mm high-frequency linear array transducer; HFL38X 13-6 MHz,
Sonosite Limited, Hitchen, UK). In order to improve realism, the turkey breast model
was inserted into the draped groin recess of a Laerdal® IV Torso manikin (Laerdal
Medical Limited, Orpington, Kent, UK), which was used solely for this study. Each
participant’s performance of the ultrasound-guided needling task was video recorded
on a tripod-mounted camcorder focusing the whole task including the ultrasound
image. The rationale of video recording was for reference purposes, in case if there
were any uncertainties concerning the participants’ performance. The participants
received no help or feedback before or during the task. Study participation ceased

once the ultrasound-guided needling task was completed.

Two anesthesiologists experienced in UGRA independently assessed the participants’
performance of the task by means of two previously validated assessment tools;

composite error score (CES)?71931%

[appendix 7] and global rating scale
(GRS)MH17146 rapnendix 8]. The assessors had undergone specific training and
practice in the use of these assessment tools. The CES used in our study was similar to
the one utilized by Davies T et al.'** The CES was calculated by adding together the
measurements of ‘total number of errors’, ‘number of needle passes’ and ‘image
quality scale’ for each of the participant’s task performance. ‘Number of needle

passes’ is defined as, “a new puncture of the turkey breast skin or the withdrawal of

the needle towards the exterior of the turkey breast skin”. This definition along with
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the classification of ‘image quality scale’ is similar to the one used by Sites BD et

193
al.

A lower composite error score is associated with better accuracy and task
performance. The GRS was a modified version of that used in the original study by
Martin JA et al.'”® The GRS consisted of seven items each rated on a five — point
scale. The GRS predominantly assessed more general behaviors and the overall
performance of the participant. For analysis purposes, the CES and GRS were
deconstructed into their ‘type of errors and performances’ respectively. Each type of
error and performance was then correlated with a specific visuospatial assessment that

was believed to be generally inter-related, according to the expert Psychologist.

Qutcomes measured:

Primary outcomes:
I.  Correlations between CES and visuospatial assessments score

Il.  Correlations between GRS and visuospatial assessments score

Secondary outcomes:

I.  Reliability of the CES & GRS

Il.  Correlation between CES & GRS
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We examined the following relationships:

1. CES & type of errors with visuospatial, emotional and numerical reasoning

assessments:

a) The MRT and AH4 will be separately correlated with the following;

CES

Advancing the needle without visualising the needle tip

Failure to recognise the orientation of the ultrasound probe with the
image on the screen

Malpositioning of target on screen including incorrect selection of
depth of image

The number of needle passes

b) The GEFT will be correlated with the following;

CES

Failure to identify the target

c) UMACL, fear of failure and NRT-20 will be correlated with the following;

CES
Unintentional probe movement
Focussing on hand position rather than ultrasound image, as needle tip

approaches target
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2. GRS & type of performances with visuospatial, emotional and numerical

reasoning assessments:

a) The MRT and AH4 will be separately correlated with the following;
I. GRS
1. Time & motion
1. Instrument handling

IV.  Flow of procedure

b) The GEFT will be correlated with;
I. GRS

I1.  Image quality

c) UMACL, fear of failure and NRT-20 will be correlated with the following;
I. GRS
Il.  Preparation for procedure
1. Flow of procedure

IV.  Image quality
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Statistical Analysis:

Descriptive statistics for demographic and outcome measure data were calculated.
CES data follow a non-normal distribution, and are thus presented as median (IQR).
Normality of other data was assessed by histogram and the Shapiro-Wilk and

Skewness / Kurtosis tests.

We performed an initial exploratory analysis using Spearman’s correlation coefficient
‘p” (Rho) to determine which of the six explanatory variables was the most predictive
of better task performance. The count data (CES) were over-dispersed. This was
unlikely due to excessive zeros as the proportion of extra zeros was considerably
small (4/60 = 6.66 %); therefore negative-binomial regression analysis was conducted
for CES. For continuous data the relationship between each potential explanatory
variable and GRS was evaluated in an ordinary least square (OLS) regression.
Bonferroni corrections were applied for multiple testing. We then created a regression
model using the explanatory variable most predictive of performance. To achieve a
study power of 0.8 (a = 0.05), we calculated that we would need to recruit 60

participants for this model with an assumed moderate effect size'® (r = 0.3 - 0.5).

We chose to make non-pairwise comparisons between males and females in order to

determine whether any differences in visuospatial ability existed. In all cases, we used

P — values less than 0.05 (two-tailed) to indicate statistical significance.
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Reliability of the assessment tools i.e. CES and GRS, was evaluated using Intra-class
correlation coefficient (ICC), Cronbach’s alpha coefficient and standard error of the
measurement as a percentage of the mean (SEM%).*®" The statistical analysis

software STATA/IC version 10.0 (StataCorp, Texas, USA) was used for data analysis.
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RESULTS

Participant demographics and summary statistics for visuospatial ability and task
performance are summarized in table 1. Males were found to exhibit better mental

rotation skills compared to females (P < 0.001) [table 2].

Table 1 Participant Demographics and Summary Statistics for Visuospatial

ability and Task performance

Participant Demographics

Characteristics Overall N=60
Age in years, Mean (SD) 23.3(4.3)
Gender

Male (%) 30 (50)
Female (n, %) 30 (50)
Year of study in medical school*

Year 1 (%) 08 (14.0)
Year 2 (%) 21 (36.8)
Year 3 (%) 13 (22.8)
Year 4 (%) 11 (19.3)
Year 5 (%) 04 (7.0)

Summary Statistics

Assessment Score

MRT (mean, SD) 13.9(5.3)

GEFT (median, IQR) 17.0 (14.0 - 17.5)
AH4 (median, IQR) 60.0 (53.0 - 63.0)
[UMACL] EA (median, IQR) 19.0 (16.5 - 21.5)
[UMACL] TA (mean, SD) 15.2 (3.4)
[UMACL] HT (median, IQR) 27.0 (25.0 - 29.0)
[UMACL] AF (median, IQR) 6.0 (5.0-9.0)
Fear of failure (mean, SD) 6.8 (1.6)

NRT-20 (mean, SD) 13.9 (2.5)

CES (median, IQR) 6.0 (3.0 —10.0)
GRS (mean, SD) 19.7 (6.0)

* 3 (5%) missing

MRT — Mental Rotation Test; GEFT — The Group Embedded Figures Test; AH4 — Alice Heim
Group Ability Test; [UMACL] — UWIST Mood Adjective Checklist; EA — Energetic Arousal; TA
— Tense Arousal; HT — Hedonic Tone; AF — Anger/Frustration; NRT-20 — Numerical Reasoning
Test; CES — Composite Error Score; GRS — Global Rating Scale.
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Table 2 MRT scores according to sex of participants

Gender Number MRT SD 95 % CI P Value
(%) (Mean)
Female 30 (50) 10.9 4.64 9.16 — 12.63
<0.001
Male 30 (50) 17.0 4.15 15.44 — 18.55

Values are Mean and SD — Standard deviation; ClI — Confidence Interval; MRT — Mental

Rotation Test.
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Reliability of CES and GRS:

The intra-class correlation coefficient and SEM (%) for CES and GRS was 0.97
(15.29%) and 0.91 (8.53%) respectively; this demonstrates a high degree of inter-rater
agreement. Similarly, Cronbach’s alpha coefficient and SEM (%) for CES and GRS
was 0.98 (9.49%) and 0.96 (5.69%) respectively; this demonstrates a high degree of

inter-item consistency.

Composite error score (CES) versus visuospatial ability assessments:

Of the three visuospatial assessments (MRT, GEFT, AH4), only MRT correlated
significantly with the CES (p = — 0.54; P < 0.001) [figure 3, table 3], indicating that a
low error rate is associated with high MRT scores or vice versa. The negative
binomial regression coefficients for each of the variable showed that for each unit
increase in MRT, the expected log count of the CES decreases by 0.08-unit (P <

0.001).
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Figure 3 Relationship of CES with MRT
MRT is negatively correlated with CES (p = — 0.54; P < 0.001), which reveals that

increasing error rate is associated with low MRT scores.
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Table 3 Correlation of CES & GRS with Visuospatial, Emotional and

Numerical Reasoning Assessments

Visuospatial, Emotional & Numerical

Reasoning Assessments

Spearman’s correlation coefficient (p)

CES

GRS

MRT
AH4
GEFT
UMACL
e Energetic Arousal (EA)
e Tense Arousal (TA)
e Hedonic Tone (HT)
e Anger/Frustration (AF)
Fear of Failure

NRT-20

~0.54 (P < 0.001)
~0.09 (P =0.49)

~0.06 (P = 0.60)

~0.30 (P = 0.01)
0.26 (P = 0.04)
~0.22 (P = 0.08)
0.16 (P = 0.21)
0.05 (P = 0.69)

0.01 (P =0.93)

0.47 (P < 0.001)
0.09 (P = 0.49)

0.00 (P = 0.95)

0.06 (P = 0.62)
~0.35 (P = 0.005)
0.18 (P = 0.15)
~0.19 (P = 0.13)
~0.07 (P = 0.57)

~0.05 (P = 0.69)

Spearman’s correlation coefficient (p) of Composite Error Score (CES) and Global Rating Scale

(GRS) with visuospatial, emotional and numerical reasoning assessments; Significance at P < 0.05.

MRT — Mental Rotation Test; AH4 — Alice Heim Group Ability Test; GEFT — The Group Embedded

Figures Test; [UMACL] — UWIST Mood Adjective Checklist; NRT-20 — Numerical Reasoning Test.
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On the other hand, GEFT (p = — 0.06; P = 0.60) [table 3] and AH4 (p = — 0.09; P =
0.49) [table 3] did not demonstrate a significant relationship with the CES.
The relationships between each type of error and visuospatial ability assessments are

presented in table 4. After Bonferroni adjustments, two errors described as ‘needle
advancement without visualization of needle tip’ (p = — 0.52) and ‘number of needle

passes’ (p =— 0.45) correlated significantly with MRT (both, P < 0.0016) [table 4].
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Table 4 Correlation of type of Errors with Visuospatial, Emotional and Numerical Reasoning Assessments

Type of Errors Visuospatial, Emotional & Numerical Reasoning Assessments
MRT AH4
1- Needle advanced without visualisation of needle tip —.52 (P <0.001 —-21(P=0.09
2- Failure to recognise orientation of probe with the image screen —.24 (P =0.06 -10(P =043
3- Target malpositioned on screen, including incorrect depth selection -.08 (P=0.50 —-.01(P=0.93
4- Number of needle passes —.45 (P <0.001) -.11(P=0.36
GEFT
1- Failure to identify the target .06 (P =0.61)
UMACL.: i NRT-20
(EA. TA, HT, AF) Fear of failure
1- Unintentional probe movement —.38 (P =0.002) EA .00 (P =0.98) .16 (P=0.21)
A3 (P=0.29) TA
=17 (P=0.18) HT
.07 (P =0.58) AF
2- Attention focussed on hand and not image as needle advanced =17 §P = 0.183 EA .06 (P =0.62) .27 (P =0.03)
-.01(P=0.93) TA

.08 (P=0.51)HT
—.00 (P =0.98) AF

Spearman’s correlation coefficient (Rho) was used in the exploratory analysis to determine which of the six explanatory variables were associated with

type of errors.
or type of errors, the Bonferroni correction applied for multiple comparisons and P value was set at < 0.0016. o
MRT — Mental Rotation Test; AH4 — Alice Heim Group Ability Test; GEFT — The Group Embedded Flﬂlures Test;'\EUMACL] — UWIST Mood Adjective

Checklist; EA — Energetic Arousal; TA — Tense Arousal; HT —Hedonic Tone; AF — Anger/Frustration; NRT-20 —

5 umerical Reasoning Test; CES —
Composite Error Score.




Global rating scale (GRS) versus visuospatial ability assessments:

Out of the three visuospatial assessments (MRT, GEFT, AH4), only MRT correlated
significantly with the GRS (p = 0.47; P < 0.001) [figure 4, table 3], indicating that
better performance was associated with better mental rotation skills or vice versa. An
ordinary least square regression established the univariate association of GRS with
MRT showing that for a one-unit increase in MRT we would expect a 0.43-unit

increase in GRS (P = 0.002).
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Figure 4 Relationship of GRS with MRT
MRT is positively correlated with GRS (p = 0.47; p < 0.001), which shows that

enhanced GRS quality scores are associated with high MRT scores.
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On the other hand, GEFT (p = 0.00; P = 0.95) [table 3] and AH4 (p = 0.09; P = 0.49)
[table 3] did not demonstrate a significant relationship with the GRS.

The relationships between each domain of the GRS and visuospatial ability
assessments are presented in table 5. After Bonferroni adjustments ‘time and motion’
(p = 0.44), ‘instrument handling’ (p = 0.47) and ‘flow of procedure’ (p = 0.44)

correlated significantly with MRT (all three, P < 0.0031) [table 5].
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Table 5 Correlation of Type of Performances with Visuospatial, Emotional and Numerical Reasoning Assessments

Type ot Pertormances Visuospatial, Emotional & Numerical Reasoning Assessments
MRT AH4
1- Time and motion 44 (P <0.001 14 (P =0.25
2- Instrument handling 47 (P<0.001 .07 (P=0.55
3- Flow of procedure .44 (P <0.001 .06 (P =0.59
GEFT
1- Image quality —.00 (P =0.96)
UMACL.: Fear of failure NRT-20
(EA, TA HT, AF)
1- Preparation tor procedure 02(P=0.8/) EA —.00 (P =0.97) —.01 (P=0.89)
—.28(P= 0.0ZLTA
.02 (P=10.86) HT
—.07 (P=0.58) AF
2- Flow ot procedure .OY(SP =0.58) EA —.02 (P =0.86) —.03 (P=0.76)
-3 FgP =0.01) TA
A9 (P=0.13) HT
—.10 (P =0.42) AF
3- Image quality .21 (P=0.10) EA —.11 (P =0.38) —.05 (P =0.66)
—-28(P=0.02) 1A
14 (P=0.28) HI

—.23 (P =0.06) A+

SPear%nan’s correlation coefficient (Rho) was used in the exploratory analysis to determine which of the six explanatory variables were associated with type
of performances.

Forp _tlype of performances, the Bonferroni correction applied for multiple comparisons and P value was set at < 0.0031. o

MRT — Mental Rotation test: AH4 — Alice Heim Group Ability Test; GEFT — The Group Embedded Flﬂlures Test; [UMACL] — UWIST Mood Adjective
Checklist; EA — Energetic Arousal; TA — Tense Arousal; HT —Hedonic Tone; AF — Anger/Frustration; NRT-20 — Numerical Reasoning Test; GRS —

Global Rating Scale.
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Composite error score (CES) versus emotional and numerical reasoning
assessments:

Of the UMACL, energetic arousal (EA) was found to correlate significantly with the
CES (p = — 0.30; P = 0.01) [figure 5, table 3]. By contrast, tense arousal (TA)
correlated weakly with the CES (p = 0.26; P = 0.04) [figure 6, table 3]. This showed
that errors would be low in vigorous, active individuals and high in anxious
individuals. The negative binomial regression coefficients for each of the variable
showed that for each unit increase on EA, the expected log count of the CES

decreases by 0.07-unit (P = 0.02).
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Figure 5 Relationship of EA with CES
EA is negatively correlated with CES (p = — 0.30; P = 0.01), which demonstrates that

low error rates are associated with energetic and active individuals.
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Figure 6 Relationship of TA with CES
TA is positively correlated with CES (p = 0.26; P = 0.04), which illustrates that high

error rates are associated with tense, anxious and nervous individuals.
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Among other sub-types of UMACL, hedonic tone (HT) (p = — 0.22; P = 0.08) [table
3] and anger/ frustration (AF) (p = 0.16; P = 0.21) [table 3] did not demonstrate a
significant relationship with the CES. Similarly, fear of failure (p = 0.05; P = 0.69)
[table 3] and NRT-20 (p = 0.01; P = 0.93) [table 3] did not reveal any significant

relationship with the CES.

The relationships between each type of error and emotional, and numerical reasoning
assessments are presented in table 4. After Bonferroni adjustments, type of error
described as ‘unintentional probe movement’ and ‘attention focussed on hand and not
image as needle advanced’, did not correlate significantly with UMACL, fear of

failure and NRT-20, respectively [table 4].

Global rating scale (GRS) versus emotional and numerical reasoning

assessments:

Of the UMACL, only tense arousal (TA) correlated significantly with the GRS (p = —
0.35; P = 0.005) [figure7, table 3]. This showed that GRS quality scores would be low
when anxiety level is high or vice versa. An ordinary least square regression
established the univariate association of GRS with TA showing that for a one-unit

increase in TA we would expect a 0.54-unit decrease in GRS (P = 0.01).
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Figure 7 Relationship of TA with GRS
TA is negatively correlated with GRS (p = — 0.35; P = 0.005), which explains that low

GRS quality scores are associated with tense, anxious and nervous individuals.
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Including other sub-types of UMACL, energetic arousal (EA) (p = 0.06; P = 0.62)
[table 3], hedonic tone (HT) (p = 0.18; P = 0.15) [table 3] and anger/ frustration (AF)
(p=-0.19; P =0.13) [table 3] did not demonstrate a significant relationship with the
CES. Similarly, fear of failure (p = — 0.07; P = 0.57) [table 3] and NRT-20 (p = —

0.05; P = 0.69) [table 3] did not reveal any significant relationship with the GRS.

The relationships between each type of performance and emotional, and numerical
reasoning assessments are presented in table 5. After Bonferroni adjustments, type of
performance described as ‘preparation for procedure’, ‘flow of procedure’ and ‘image
quality’, did not correlate significantly with UMACL, fear of failure and NRT-20,

respectively [table 5].
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DISCUSSION:

This study signifies the ability of visuospatial, emotional and numerical reasoning
skills in predicting the novice performance of UGRA. Among the visuospatial skills,
we found that MRT correlated positively with the GRS and negatively with the CES.
This would mean that participants with better MRT scores did fewer errors and came
up with good performance scores when completed an ultrasound-guided skill task,
thus demonstrating an overall good performance. MRT has been previously reported
to correlate positively with the performance in simulated laparoscopic
studies.%9160160.168.198 ya\vever, it is unique to this study that MRT has been applied
for the first time in the performance of UGRA. Other visuospatial assessments
including the GEFT and AH4 instinctively anticipated to yield similar results but
failed to illustrate any association with the CES and GRS respectively. The results
indicate that MRT predicts novice performance of an ultrasound-guided needle
advancement task in a turkey breast model. As a trait measure, MRT has the potential
to be used as a tool to focus educational and training resources on individuals who

have less ability to perform ultrasound-guided needle tasks.

The study shows that males are likely to have better mental rotation capabilities than

199182 which showed effect

females. This is in line with two previous meta-analyses
sizes around 0.95 favoring males. The results of the meta-analysis done by Linn MC
and Petersen AC'®® suggest that sex differences arise on some types of spatial ability
but not others, and large sex differences are found only on measures of mental

rotation, while smaller sex differences are found on measures of spatial perception.

This difference in male and female means that the MRT cannot be used as a selection
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tool for medical posts, i.e. high stakes assessment, as men are likely to be
preferentially selected and this would introduce indirect sexual discrimination against
women. However, that is not to say that males with better MRT scores perform better
at the task. Two previous studies of laparoscopic skills have demonstrated that gender
does not affect psychomotor performance?®?®, though the affect of MRT scores of
both males and females remained unknown. Kolozsvari NO et al.”® evaluated the
impact of gender on the learning curve of medical students for a fundamental
laparoscopic task. They found that there were no differences between men and women
in initial peg transfer score, learning plateau, or learning rate and gender had no
significant relationship to early performance. Similarly, in another observational study
of surgical trainees with very limited laparoscopic experience, Grantcharov TP et
al.?®* demonstrated that male trainee surgeons made a similar number of errors and
unnecessary hand movements as females during their performance of six simulated

laparoscopic tasks.

One may suggest that it would be useful to provide a range of MRT scores wherein
learners could benefit the most from focused training. However, we are unable to do
so at this stage of our work. While our study shows that MRT has a predictive
validity for performance of an ultrasound-guided needle task, it does not indicate at
what point MRT performance can be defined as adequate or not. Despite this
limitation, we believe that it is reasonable to state that low error rates, better image
quality, and better global performance are associated with higher MRT scores. By
implication strategies, which aim to develop mental rotation skills, may be developed

and employed in an attempt to improve ultrasound-guided needle advancement skills.
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Out of the emotional assessments, the UMACL and its sub-type of mood called
“Tense Arousal (TA)” correlated positively (but weakly) with the CES and negatively
with the GRS. That is, tensed and nervous participants did more errors and performed
less well in the ultrasound-guided needling task. On the other hand, UMACL’s
another sub-type of mood termed as “Energetic Arousal (EA)”, correlated negatively
with the CES, indicating that energetically aroused and vigorous participants did

fewer errors.

Hence we found that negative mood adversely affects performance. Good
performance, therefore, appears to be a function of visuospatial ability and reducing
anxiety. This is particularly important in avoiding all the potential sources that could
build up inner tension and result in an overall poor performance. Thus, a second
practical implication of our study is that stress and anxiety when performing the task
may need to be reduced in the training and learning environment, and therefore
interventions to achieve this need to be developed. However, in the real clinical
setting some level of anxiety will be associated with any clinical intervention, and
thus the degree of stress elicited by the task may itself increase its validity.?*® Thus,
reducing stress in the training context may not be warranted. By extension, it may be
more relevant for educators to develop curricula that allow novice practitioners to
learn the necessary coping skills to deal with the emotional costs of this type of work

and procedure.
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The study also identifies the most important type of errors when correlated with its
corresponding visuospatial assessments. An important error, described as the
‘advancement of the needle without visualization of the needle tip’ correlated
negatively with MRT. These findings are consistent with previous findings, as there
exists a novice propensity to advance a needle in response to its lack of visualization
on an ultrasound screen.*?"'*® Furthermore, this study enumerates that better mental
rotation skills are associated with decreased tendency for this type of error, which is
clinically vital for completing an intervention in UGRA securely and successfully.
Similarly, we found another type of error characterized as ‘number of needle passes’

that correlated negatively with MRT.

Further sub-analysis of the type of performances in relation to its visuospatial
assessments revealed some important findings. Participants with better mental rotation
skills were related to perform better and with increased efficiency in terms of ‘time

and motion’, ‘instrument handling’ and the ‘flow of procedure’.

Limitations are integral to any investigation and warrant specific comment here.
Aside from the ethical problems of allowing novice practitioners to practice on real
patients, it is likely that anatomical differences, doctor-patient interactions and the
pressures of achieving successful blocks would generate inconsistent results in real
clinical situations.**”*** For the purpose of this study, we used a turkey-breast bench
model rather than in vivo needling. Despite the lack of clinical context, we believe that
our participants experienced an “examination-like” stress caused by their assessments
during the study, and that it is likely that this stress could produce detrimental and

variable effects on performance such as that in clinical practice.'®**"°*"? Despite the
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limitations of the turkey-breast bench model, it is accepted as an initial means to
evaluate novice performance in UGRA™ and to perform training in this complex
technical task.'® As such, we felt that our bench-top simulation provided a

reproducible and realistic environment in which to assess our subjects.

The subjects were medical students and not practicing doctors, therefore one could
argue that with seniority and experience there is an inherent level of psychomotor
expertise, which confers an improved ability to perform new psychomotor skills.
Thus, it could be debated that had we studied anesthesiology residents, the
correlations between MRT and GRS or CES may have been weaker. However,
previous work has demonstrated that medical student performance of an ultrasound-
guided needle task is broadly comparable to that of novice resident doctors.™*!%

Hence, we do not consider that the use of medical student volunteers presents a

significant limitation to our study.

We have used assessments of visuospatial ability, emotional processing and general
cognitive ability, which are considered to be valid and reliable. 8018218418719 \yjith
regard to CES and GRS, we have demonstrated high levels of inter-rater agreement
and internal consistency of the assessment tools; this is in line with the previous
findings.2***** We believe that the high inter-rater agreement reflects the assessor

training with the CES and GRS tools, prior to recruitment. As such, we believe that

our measurement of task performance is both reliable and valid.
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Lastly, we have attempted to mitigate for any bias in assessment by asking our
assessors to rate the participants’ performance independent of one another, and
without knowledge of the participants’ scores in the various psychological

assessments completed beforehand.

This study has been able to pinpoint imperative features of learning and expertise
development among novices. However, participants selected for the purpose of this
study with high baseline visuospatial ability may restrict the sensitivity of the
visuospatial assessments, which were created for a wider population, thus affecting

the general results of the population.

The premise of this study was to identify whether visuospatial ability could be used to
predict novice performance of an ultrasound-guided needle task. In doing so, we have
identified correlations between performance, mental rotation skills, and negative
mood. Future research could investigate whether specific training interventions could
transform visuospatial ability and thus enhance skills acquisition in UGRA. With
regard to MRT as a screening tool to focus training, we believe that future studies

need to assess the sensitivity and specificity of MRT in this context.
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Appendix 2

r The University of
Nottingham
University of Nottingham
School of Clinical Sciences
Division of Anaesthesia and Intensive Care
Queen’s Medical Centre
Derby Road
Nottingham
0115 8231009

Participant Information Sheet

Visuo-spatial ability as a predictor of novice performance in ultrasound-guided regional
anaesthesia.

Researchers:

Dr. A Shafqat, Prof. E Ferguson, Dr. V Thanawala, Dr. N Bedforth, Prof. J Hardman and Dr. R
McCahon.

Invitation paragraph

You have been invited to take part in a research study. Before you decide whether to take
part it is important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it with
friends and relatives if you wish to. Ask us if there is anything that is not clear or if you
would like more information. Take time to decide whether you wish to take part or not. If
you decide to take part you may keep this leaflet. Thank you for reading this.

Background

The ability to perform practical procedures competently and safely is an important aspect of
the practice of Anaesthesia. The assessment of procedural skills in anaesthesia is generally
given less importance than assessment of knowledge and judgement-based skills. Due to an
international trend of decrease working hours during training, an increase focus on patient
safety and service delivery and greater accountability to the public and the government,
there is an increase need for a robust system to ensure competence in procedural skills in
Anaesthesia.

Previous work in laparoscopic surgery, has demonstrated that visuo-spatial ability correlates
positively with laparoscopic performance. In Anaesthesia, it would be advantageous to
accurately predict those trainees who require increased faculty input in order to develop
their expertise in ultrasound-guided regional anaesthesia.

We aim to identify which assessment of visuo-spatial ability best predicts novice
performance of ultrasound-guided regional anaesthesia. This will permit early, targeted
training for those individuals who are predicted to perform poorly. The study will last from
August 2012 till October 2012.

Pagelof 4
Visio-Spatial ability in UGRA. Participant Information Sheet. V 1.0. Date 12" June 2012
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What does the study involve?

The study will be conducted in the University department of Anaesthesia, Queen’s Medical
Centre Campus, Nottingham University Hospitals NHS Trust, U.K. It is an observational study
involving healthy medical students from the University of Nottingham. Potential volunteers
wishing to participate will be invited to attend and informed consent will be gained on the
day of the study, including consent for video recording.

The study consists of following stages below:

Stage 1: Assessment of Visuo-Spatial Ability

The volunteers' visuo-spatial ability will be assessed by a number of psychological tools. These include:
Mental rotation test, Spatial reasoning (AH4) test, Numerical test, measurement of anxiety and mood
and Field independence test. Assessments will be made by a psychologist trained in the use of these
assessment tools in a separate room.

Stage 2: Teaching Intervention

The volunteers will be shown an 11 minute video of expert performance of ultrasound-guided needle
advancement, that is mapped to specific learning objectives. The volunteers will have a total of 30
minutes to watch and review the video.

Stage 3: Ultrasound-Guided Needling Task

The volunteers will be asked to complete the needling task on a turkey breast model inserted into a
manikin, using an ultrasound probe. The performance of the task will be video recorded. No feedbacks
will be given to the volunteers while performing the tasks. Study participation will cease once the
ultrasound task has been completed. The Volunteers will be expected to;

i) Switch on the ultrasound machine

ii) Correctly orientate the ultrasound proble (linear, 38mm) in relation to the display on the screen

iii) Ensure adequate application of conducting gel to enhance ultrasound transmission and picture
quality

iv) Locate and identify the target (Olive) within the turkey breast

v) Adjust the gain function to improve the quality of the image by altering brightness of the picture

vi) Alter the depth of the image to obtain a suitable image of the target

vii) Using an in-plane approach insert a 50-mm Stimuplex A™ needle into the turkey breast and aim to
place the needle tip at the 12 o' clock position, as indicated by the attending assessors, above the
upper edge of the target, without piercing the target

Page 2 of 4
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Assessment of the Ultrasound Task

Two anaesthetists, experienced in performing ultrasound-guided regional anaesthesia, will
assess the volunteer’s performance of the task independently. The video recording will only
be used for reference if there are any uncertainties concerning the volunteer’s
performance.

Why have you been chosen?
You have been chosen because you are aged over 18 years, you are healthy, and you are
able to give informed consent to participate in this study.

Do you have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will
be given this information sheet to keep and be asked to sign a consent form. If you decide
to take part you are still free to withdraw at any time and without giving a reason.

What are the possible disadvantages and risks of taking part?

There are no known health issues associated with the use of ultrasound. Possible side
effects include accidental needle prick injury during handling. If you feel uncomfortable in
any way, you can stop at any time. You will also need to be able to spare a total of 150
minutes of your total time.

What if something goes wrong?
If you should have any complaints of any aspect of the study you should initially contact;

Professor Jonathan Hardman

University Department of Anaesthesia
Queens Medical Centre, Nottingham NG7 2UH
Telephone 0115 8231002

E-mail J.Hardman@nottingham.ac.uk

If you remain unhappy and wish to complain formally, please contact the secretary of the
University of Nottingham Medical School Research Ethics Committee, Mrs Louise Sabir, E-

mail address: louise.sabir@nottingham.ac.uk

In the unlikely event that you suffer injury to yourself or damage to your property as a result
in taking part in this research, the University does have an insurance policy to cover harm
arising as a result of the defect in the design of the study. In addition, all medical
practitioners taking part in the research have personal medical negligence cover.

Page3of 4
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Will my taking part in this study be kept confidential?

All information, which is collected, about you during the course of the research will be kept
on a password protected database and is strictly confidential. Any information about you
that leaves the research unit will have your name and address removed so that you cannot
be recognised from it. All information generated by this study will be archived securely
within the University Division of Anaesthesia & Intensive Care, University of Nottingham and
destroyed 7 years after the study is completed.

What will happen to the results of the research study?

The results will be presented as a written project authored by Dr Atif Shafgat in completion
of his PhD. The findings of this study may also be presented at national or international
meetings and may be published in a medical journal.

Who is organising and funding the research?
The study is part of post-graduate research supported by The University of Nottingham.
There is no external funding.

Who has reviewed the study?
This study has been reviewed and approved by the University of Nottingham Medical School
Ethics Committee.

Contact for Further Information

Dr Atif Shafqat

PhD. Student University of Nottingham
University Department of Anaesthesia
Queens Medical Centre

Nottingham NG7 2UH

Email: msxas4@nottingham.ac.uk

Many thanks for your participation in this study.

Page4 of 4
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The University of

Nottingham

University of Nottingham

School of Clinical Sciences

Division of Anaesthesia and Intensive Care
Queen’s Medical Centre

Derby Road

Nottingham

0115 8231009

PARTICIPANT CONSENT FORM
Visuo-spatial ability as a predictor of novice performance in ultrasound-guided regional anaesthesia.

Name of Researchers:
Dr. A Shafqat, Prof. E Ferguson, Dr. V Thanawala, Dr. N Bedforth, Prof. J Hardman and Dr. R McCahon.

Study Number:
Please write your initials in each box

1. | confirm that | have read and understand the information sheet (version number 1.0 dated
the 12™ June 2012) for the above study and have had the opportunity to ask questions.

2 | understand that my participation is voluntary and that | am free to withdraw at any time,
without giving any reason and without my legal rights being affected. | understand that
should | withdraw then the information collected so far cannot be erased and that
information may still be used in the project analysis.

3. | understand that all data collected in the study may be looked at by authorised individuals
from the University of Nottingham, the research group and regulatory authorities where it
is relevant to me taking part in this study. | give permission for these individuals to have
access to these records and to collect, store, analyse and publish information obtained from
my participation in this study. | understand that my personal details will be kept

confidential.
4, | understand and agree that | may be video-recorded during my participation in the study
and that this video recording will only be used for reference by the study investigators.
5. | agree to take part in the above study. D
Name of Participant Date Signature
Name of Researcher Date Signature

When completed: - 1 copy for participant, 1 copy for researcher site file.
Participant Consent Form. visio-Spatial ability in UGRA. University of Nottingham. Final Version 1.0
12" June 2012.

1t I
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Participant Study

Visuo-spatial ability as a predictor of novice performance | . = period

in ultrasound-guided regional anaesthesia (UGRA).

Errors - Please tick each time an error is made

Needle advanced without visualisation of needle tip

Failure to identify the target

Failure to recognise orientation of probe with the image screen

Unintentional probe movement

Target malpositioned on screen, including incorrect depth selection

Attention focussed on hand and not image as needle advanced

Total number of errors |:| Box A

Number of needle passes* |:| Box B
* A needle pass is defined as a new puncture of the turkey breast or if the needle is withdrawn towards the exterior of the turkey breast.

Image quality scale (select one)

Scale Image quality Description
(o] Ideal

Ideal

Good
Satisfactory
Poor

Olive viewed on highest
resolution & all
contents visualized
Whole needle seen as
contacted wall

W N = O

1 Good
Olive imaged well
enough to define all
aspects of contents
Needle tip & part of |
shaft seen as contacted
wall

Box@X

2 Satisfactory

Olive visualized so at

least wall was Composite@rrorBcore

identifiable

Needle tip seen as (BoxEAEHBoxEBEHBOXIT)

contacted wall

3 Poor
Olive wall was only
partly visualized
Needle contact was
identifiable only by
tissue distortion

TimeRo@perform@askp s




Appendix 8

Preparation for procedure

Time and motion

Instrument handling

Flow of Procedure

Image quality

Knowledge of procedure

Overall performance

Did not organise equipment well
Has to stop procedure frequently
to prepare equipment.

[ 1
Many unnecessary moves.

[ I

Repeatedly makes tentative or
awkward moves with instruments.

[ |

Frequently stopped procedure
and seemed unsure of next move.

[ I
Inadequate image. Target partially
visualised. Needle movement only
identifiable by tissue distortion.

[ 1
Deficient knowledge.

[ I

Very poor.

Equipment generally organised.
Occasionally has to stop and
prepare items.

[ 1

Efficient time/motion but some
unnecessary moves.

[ 1

Competent use of instruments
but occasionally appeared stiff
or awkward.

Demonstrated some forward
planning with reasonable
progression of procedure.

l 1

Good image. Most of target
visualised. Needle tip and part of
needle shaft visible.

[ 1

Knew all important steps of
procedure

l 1

Competent.

l 1

Visuo-spatial ability as a predictor of novice performance in Participant Number |:| Study Period
ultrasound-guided regional anaesthesia (UGRA).
Global Rating Scale for UGRA.
Please tick and score each of the 7 items below appropriately;
1 2 3 4 5

All equipment neatly organised,
prepared and ready for use.

[ 1

Clear economy of movement
and maximum efficiency.

[ 1

Fluid moves with instruments
and no awkwardness.

Obviously planned course of
procedure with effortless flow
from one move to the next.

[ 1

Outstanding image. Unequivocal
image with complete structure
visualised. Whole of needle visible.

[ 1

Demonstrated familarity with all
aspects of procedure

[ 1

Clearly superior.

[ 1
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CHAPTER -3

Construct Validity And Reliability Of An Objective
Structured Assessment Tool For Performance Of

Ultrasound — Guided Regional Anesthesia (UGRA)



INTRODUCTION

The introduction of the Calman system in the United Kingdom, the implementation of
the European Working Time Directive, and the financial pressures to increase
productivity?® have reduced clinical opportunities during training. An increased focus
on patient safety and greater accountability to the public, media and government has
led to increased demands for the development of robust and objective assessment of

physician’s technical and psychomotor skills®*

, Which is required for the safe
performance of invasive procedures in medicine.’**?* The assessment of technical
skills during training has been regarded as a form of quality assurance for the
future.”® Training in medicine is traditionally based on an apprenticeship model, in
which the assessment of a technical expertise is a task of the senior trainers. However,
their assessment is largely subjective.’”® Objective assessment is crucial because

deficiencies in training and performance are hard to correct without objective

feedback.?"’

The ability to perform practical procedures safely and efficiently is of paramount
importance to the practice of anaesthesia. Historically though, the assessment of
procedural skills in anaesthesia has generally been given less importance than the
assessment of knowledge and judgement-based skills.**"*** The last two decades have
borne witness to rapid developments in the practice of ultrasound-guided regional
anaesthesia (UGRA), which is a complex invasive procedure that requires both
technical and non-technical expertise to perform safely, effectively and
efficiently.?%®?% Specialists of this anaesthetic subspecialty along with other distinct

national and international regional anaesthesia societies have published a number of
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educational core curriculums and structured training guidelines to teach and clinically
put into practice these new skills.?***** However, the development of complementary
assessment tools has lagged behind. Therefore a method of evaluation is needed to
ascertain the competence of junior residents in performing the new skills and
accordingly the appraisers should be facilitated to provide objective feedback that will

potentially assist junior residents in improving their skills.**2

At present, technical and psychomotor expertise in anaesthesia is typically assessed by
workplace-based assessments (WBA).™ Workplace-based assessment is defined by
the U.K. postgraduate medical education and training board (PMETB), which is now
part of the general medical council (GMC) as:

“The assessment of working practices based on what trainees actually do in the

workplace, and predominantly carried out in the workplace itself. 213

The aim of the anaesthetic training programmes is to train doctors up to a level at
which they are capable of independent specialist practice. Traditional assessments
have considerably given emphasis to knowledge acquisition than clinical ability.
Therefore many postgraduate and undergraduate programmes have set up workplace-
based assessments. Workplace-based assessments are fundamental for any
competence-based postgraduate curriculum and are now unavoidable for many

specialist-training programmes.?**
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Reliability and validity are essential for any assessment, including workplace-based
assessments. Despite the fact that anaesthesia fellowship examinations are valid and
reliable tests of knowledge, but they may not be an appropriate assessment of the
capability to practice as an anaesthetist. Workplace-based assessments are more valid
measure of this aptitude, however according to few studies they have low

reliability.?*>%°

In contrast with fellowship examinations, there are a number of factors, which affect
the reliability of workplace-based assessments. Fellowship examinations can be
homogeneous for difficulty and content, but workplace-based assessments cannot
because cases are unpredictable and cannot be planned or recurring. The examiners in
the anaesthesia fellowship examinations are trained, and agree on set standards of
performance, on the contrary the examiners in workplace-based assessments can
include all specialist anaesthetists working in teaching hospitals, many of whom have

limited training in the use of the workplace-based assessment tools.

Workplace-based assessment tools such as the direct observation of procedural skills
(DOPS) do not describe or quantify acceptable practice. As such, practice is deemed
satisfactory, or not, based on the judgement of more experienced, senior colleagues.
Whilst this approach is cheap and has face validity, it is not sufficiently robust to
withstand scrutiny and would not be adequate to support credentialing in the future.

The methods for assessing technical skills including logbooks and direct observation
without specific criteria are based on informal global assessments of performance and
are subjective and unreliable.*?****#'” On the contrary direct observation with specific

criteria, which are essential to structured learning of the expertise and may
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significantly improve the assessment of a technical skill, are more objective, valid and
reliable.®®%" This includes expert-based ratings like skill-specific checklist and

global rating scale (GRS), and computer-based assessments.'***

A criterion-referenced checklist with global rating scale to assess the performance of
ultrasound-guided regional anaesthesia has been developed using a modified Delphi
method.”® In the 1950s scientists at the Rand Corporation developed the Delphi
method as a tool for making informed decisions based on expert opinion.?® The
Delphi method is a structured process for collecting and distilling knowledge from a
group of experts, by means of a series of questionnaires combined with controlled
opinion feedback.?** According to this method the members or experts are encouraged
to debate among each other without having the need of meeting personally. The
members participate while keeping themselves anonymous. The outcome is that all
opinions are given equal significance and this eliminates any influence of strong
opinions from any personality. This also diminishes significantly the social-emotional
behaviour that is often found when using other methods and allows the members to
focus on task-oriented activities.”®® The Delphi method has been used to generate
content in a variety of contexts, including the development of policies, curricula, best-

evidence practice guidelines, and competency assessment tools.?**%*

Two educators in ultrasound-guided regional anaesthesia from Sunnybrook Health
Sciences Centre and the University of Toronto have formulated an initial checklist of
30 items for the performance of ultrasound-guided regional anaesthesia.?*® This pilot
checklist was e-mailed to 18 reviewers for the first round of feedback in six

independent academic teaching centres with dedicated regional anaesthesia teaching
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programmes in Canada and the United States. All the reviewers were specialist
anaesthetists and educators with more than six years of experience in this field and
were involved in ultrasound-guided regional anaesthesia from its early origin years.
The experts were requested to score each item on the checklist as ““yes’” or ““no’ for
inclusion or exclusion in the list respectively. They were also asked to provide any
additional items, which were relevant and further considered necessary to be included
in the checklist. In addition to that, the experts were encouraged to rate the importance
of each item on the checklist on a five-point Likert scale (0 = extremely irrelevant, 1 =
irrelevant, 2 = neutral, 3 = important, 4 = extremely important). They were also given
the opportunity to provide comments on the checklist. The results were then
anonymously collated, and the checklist was modified on the basis of the feedback
received from the reviewers. Later it was sent back to the same reviewers for second

round of feedback.

After the second round of feedback, a number of reviewers recommended that items
relevant to general patient care during ultrasound-guided regional anaesthesia should
be removed from the checklist and be added into a modified global rating scale
(GRS). Thus items, which were relevant to technical aspects of ultrasound-guided
regional anaesthesia, were included into the checklist. In order to assess the
performance in the nontechnical aspects of ultrasound-guided regional anaesthesia a
global rating scale was created. The global rating scale was adapted from the original
objective structured assessment of technical skills (OSATS).*?® The global rating
scale, which was created contains nine categories scored on a five-point Likert scale,
with descriptions for the extreme and median scores specific to regional anaesthesia.

Seven of these categories were adopted from the original objective structured
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assessment of technical skills (OSATS)'®, and two new ones were added, namely,

2

‘‘asepsis’’ and ‘‘patient interaction,’’ in order to compensate for the removal of the

relevant items from the checklist.

The checklist and global rating scale was then re-distributed to the reviewers for
further consideration. No further modification was recommended in the third round of
feedback and thus the consensus was developed. This number of iterations is
consistent with other medical studies that have applied the Delphi method.?*®
Ultimately, the assessment tool consisting of a final assessment checklist (AC)
containing 22 items and global rating scale (GRS) with nine categories for the
performance of ultrasound-guided regional anaesthesia was formulated by the Delphi

method.?*°

This study®*® established high face validity and concurrent validity of the assessment
tool. However, it did not attempt to demonstrate the construct validity or reliability of
the assessment tool. Therefore, we aim to examine the construct validity and
reliability of both components of this new assessment tool for the performance of
ultrasound-guided regional anaesthesia, by examining whether it can adequately
differentiate between performance levels in anaesthetists across the spectrum of

expertise.
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METHODS

The study was reviewed and approved by the University of Nottingham Medical
School Research Ethics Committee (Approval Reference; K09052013LT 13053 SCS

Anesthesia).

Design:

This was a single centred, qualitative, observational study, which used a convenience
sample across one NHS Trust in England. The study was conducted at the University
Department of Anaesthesia, Queen’s Medical Centre, Nottingham University
Hospitals NHS Trust, Nottingham UK. The aim was to investigate the validity and
reliability of a criterion-referenced assessment tool for the performance of ultrasound-
guided regional anaesthesia that will determine whether or not the assessment tool
could discriminate between different levels of expertise in anaesthetists performing

ultrasound-guided regional anaesthesia.

Subjects:

The subjects were all grades of anaesthetists who performed ultrasound-guided
regional anaesthesia as their usual clinical practice, which included all patients who
were having ultrasound-guided regional anaesthesia as part of their planned
anaesthetic management. A participant information sheet was forwarded to those
anaesthetists who expressed an interest via e-mail or in person. Potential anaesthetists
wishing to participate were invited to attend and informed consent was gained in

advance of any clinical activity. The patients of the anaesthetists who had consented
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to take part in the study were consented on the morning of their day of surgery. Two
independent expert anaesthetists experienced in performing ultrasound-guided
regional anaesthesia objectively assessed any single performance of ultrasound-guided

regional anaesthesia by all the anaesthetists on their patients.

Setting:
Anaesthetists performing ultrasound-guided regional anaesthesia on their patients

were observed in the following locations:

1. The Block room, Main Operating Theatre Suite, Queen’s Medical Centre,
Nottingham University Hospitals NHS Trust.
2. Anaesthetic rooms in theatre suites, Nottingham University Hospitals NHS

Trust.

Recruitment:
A poster [appendix 9] advertising the study was distributed by the departmental
secretarial staff through e-mail to all the Anaesthetists including consultants, non-
career grades and trainees who were working at Nottingham University Hospitals
NHS Trust. A copy of the poster was also displayed in the following areas:

e Block room, Main Theatres, Queen’s Medical Centre

e Coffee room, Department of Anaesthesia, Queen’s Medical Centre

e Common room, Department of Anaesthesia, Nottingham City Hospital

e Orthopaedic & Trauma Theatres, Queen’s Medical Centre

e Orthopaedic Theatres, Nottingham City Hospital
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Two information leaflets were created:

» One for anaesthetists [appendix 10-13]; this was distributed via the Trust
internal mail and emailed to all anaesthetists informed working at Nottingham
University Hospitals NHS Trust. Consent [appendix 14] was then gained from
Anaesthetists who wished to take part in advance within 7 days before any
clinical activity.

» One for patients [appendix 15-18]; this was given to all the patients of
anaesthetists who had consented to take part in the study. This information
leaflet was given to patients on the morning of their surgery. They were
already consented for their surgery and their anaesthetic management; so
therefore consent [appendix 19] for participating in the study was gained within
1 — 4 hours before their surgery by the participating anaesthetist and / or the

research investigators.

Inclusion criteria:

Anaesthetists:

1. Any anaesthetist who planned to perform ultrasound-guided regional
anaesthesia from whom informed consent has been obtained.
2. Ability to give written informed consent.

3. Aged 18 years or older (no upper age limit).

Patients:
1. Undergoing ultrasound-guided regional anaesthesia.
2. Ability to give written informed consent.

3. Aged 18 years or older (no upper age limit).
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Exclusion criteria:

Anaesthetists and Patients:

1. Anaesthetists and patients who did not undergo ultrasound-guided regional
anaesthesia. The clinical decision to perform ultrasound-guided regional
anaesthesia was taken by the attending Anaesthetist.

2. Lack of informed consent from either the attending Anaesthetist or the patient

precluded entry into the study.

Study Regimen:

Written informed consent was obtained from the recruited anaesthetists and their
patients as described above. The study took place during the routine operating lists
and the anaesthetist performed ultrasound-guided regional anaesthesia, as they
normally did so on their patients. The researchers observed the actions of the
anaesthetist while they were using ultrasound to perform regional anaesthesia on
their patients. They observed single performance of any ultrasound-guided regional
anaesthesia by the participant anaesthetist, which formed part of the planned

anaesthetic management of their patients.

The two expert examiners objectively assessed all the performances of ultrasound-
guided regional anaesthesia. This assessment was in real time during the
performance of the ultrasound-guided regional anaesthesia and began with the
initial preparation and equipment setup and ended at completion of the procedure.
The experts did not influence the clinical practice of the participating anaesthetist in
any way. For each individual case, the observations stopped when the patient left

the anaesthetic room. Each observation took the length of the ultrasound-guided
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regional anaesthesia, which was about 20 minutes on average. Patients’
participation was for the duration of the ultrasound-guided regional anaesthetic

procedure.

Following thorough expert consensus by the research team, the participating
anaesthetists were asked compulsory demographic information [appendix 20]
regarding their level of training or seniority in terms of their ultrasound-guided
regional anaesthetic practice. For the purpose of analysis and based on the compulsory
demographic information regarding their ultrasound-guided regional anaesthetic

practice in the preceding year, the participants were divided into 3 groups.

Group — I: consisted of anaesthetists who performed 30 or less ultrasound-guided

nerve blocks in the preceding year.

Group — Il: comprised of anaesthetists who did between 31 — 100 ultrasound-guided

nerve blocks during the previous year of their practice.

Group — I11: entailed anaesthetists who completed more than 100 ultrasound-guided

nerve blocks in the past year of their practice.

The participant anaesthetists were also asked to self-rate themselves for their

ultrasound-guided regional anaesthesia expertise as; novice, competent or expert.
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Blinding:

Participants were given an identification number following recruitment, which was
recorded in the participant identification log. Both the expert examiners were blinded
to the participant’s seniority or level of training in terms of their ultrasound-guided
regional anaesthetic practice.

1. One of the experts had not worked clinically at Nottingham University
Hospitals NHS Trust. As such, he was not familiar with any of the consultant,
career grade or trainee anaesthetic staff.

2. The other expert, although worked in the same NHS Trust but was not familiar
with the ultrasound-guided regional anaesthetic practice of the participating

anaesthetists.

Therefore to minimise the observer bias, both the expert examiners were kept blinded
about the compulsory demographic information regarding the ultrasound-guided
regional anaesthetic practices of the participating anaesthetists. This information was
only disclosed for analysis after completion of all the performances at the end of the

study.

Assessment tool:
The assessment tool**® comprised of two components:
1. Anassessment checklist (AC) for ultrasound-guided regional anaesthesia.

2. Aglobal rating scale (GRS) for ultrasound-guided regional anaesthesia.
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The assessment checklist [appendix 21] for ultrasound-guided regional anaesthesia
has 22 items which are assessed using a 3-point scale (not performed = 0, poorly

performed = 1, well performed = 2).

The global rating scale [appendix 22] for ultrasound-guided regional anaesthesia
consists of nine categories, scored on a 5-point Likert-scale each of which has
performance descriptors to aid assessment. The expert examiners had undergone

specific training and practice in the use of these assessment tools.

Statistics:

Demographic information:

» Ultrasound-guided regional anaesthetic practice:
1) Total number of ultrasound-guided nerve blocks performed in the
preceding year.
2) Total number of ultrasound-guided nerve blocks performed in the
preceding month.
3) A self-assessment of the ultrasound-guided regional anaesthesia

expertise as; novice, competent and expert.

Primary outcome:

Total (Mean) scores of the assessment checklist and global rating scale.

Secondary outcome:

1. Inter-rater agreement for the assessment checklists and global rating scale.

2. Internal consistency of the assessment checklists and global rating scale.
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Before starting the analysis, we checked the data for errors and missing values and
gained an overview. Descriptive statistics for demographic and outcome measure data

was calculated.

For continuous where appropriate, outcome data were transformed to conform to
normality. Where normality could not be established, non-parametric analysis was
conducted. The data were assessed for goodness-of-fit to the normal distribution using
the Kolmogorov—Smirnov test. All statistical analysis was performed using
STATA/IC version 10.0 (StataCorp, Texas, USA). Univariate description was
presented for all the variables. One-way analysis of variance (ANOVA) test was used

to compare the means of normally distributed outcome data from the 3 groups.

Assessment Tool Reliability:

Reliability was assessed by the following tests:

1) The inter-rater agreement for the assessment checklist and global rating scores
was calculated by the Pearson correlation coefficient.
2) The internal consistency (the inter-item agreement) of the assessment checklist

and the global rating scale was assessed by Cronbach’s alpha.

Sample size and justification:

The study was conducted at Nottingham University Hospitals NHS Trust. A single
performance of all the anaesthetists participating in the study was observed during the

106,117,146

study. In line with previous studies we aimed to recruit between 20 to 40

participant anaesthetists.
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RESULTS

Demographics:

21 anesthetists were enrolled in the study. Demographic information regarding UGRA
practice included type of blocks performed, total number of UGRA blocks performed
in the previous year and month respectively and self-assessment of the UGRA

expertise.

Different types of UGRA blocks were performed and assessed during the study. The
two most common type of UGRA block performed by the participant anaesthetists
were femoral (42.86 %) and interscalene (33.33 %), respectively (table 6). This was
followed by axillary (9.52 %). Other UGRA blocks included ankle, popliteal and

rectus sheath catheter (table 6).
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Table 6 Types of UGRA blocks performed

Types of UGRA block N (%)
Ankle 1 (4.76)
Axillary 2 (9.52)
Femoral 9 (42.86)
Interscalene 7 (33.33)
Popliteal fossa 1(4.76)
Rectus sheath catheter 1(4.76)

UGRA - Ultrasound-guided regional anaesthesia
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The total number of UGRA blocks performed by the participating anaesthetists in the

‘preceding year’ were minimum = 5, maximum = 600, median = 90 and interquartile

range (IQR) = 130.

Similarly, the total number of UGRA blocks completed by the participating

anaesthetists in the ‘past month’ were minimum = 1, maximum = 45, median = 10 and

interquartile range (IQR) = 15.

Out of the total participant anaesthetists, 61.9 % rated themselves as competent,

whereas 19.05 % each rated themselves as novices and expert, respectively (figure 8).
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Novice (19.05 %)

Expert (19.05 %)

Competent (61.9 %)

B Competent
B Novice

I Expert

Figure 8 Self-Assessment of UGRA expertise by all study participants
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Further sub-analysis revealed self-assessment of the UGRA expertise by all

anaesthetists according to each of the three groups (table 7).

Table 7 Self-Assessment of UGRA expertise according to the three study

groups
Novice Competent Expert
N (%) N (%) N (%)
Group — | 2 (28.57) 5 (71.43) 0 (0.00)
Group — 11 1(16.67) 5 (83.33) 0 (0.00)
Group — 111 1 (12.50) 3 (37.50) 4 (50.00)

Group | — Anaesthetists performing < 30 UGRA nerve blocks in the preceding year
Group Il — Anaesthetists performing 31-100 UGRA nerve blocks in the preceding year
Group Il — Anaesthetists performing > 100 UGRA nerve blocks in the preceding year

UGRA - Ultrasound-guided regional anaesthesia
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It may be noted (table 7) that in ‘Group — I’ 71.43 % of the anaesthetists self-rated
themselves as competent, followed by 28.57 % of those who self-rated as novices. In
‘Group — II’ 83.33 % of the participating anaesthetists self-rated as competent, with
16.67 % of those who self-rated as novices, respectively. None of the anaesthetists in
both ‘Group — I’ and ‘Group — II” respectively, self-rated themselves as expert. In
‘Group — III” 50 % of the anaesthetists self-rated as expert, trailed by 37.5 % of those
who self-rated as competent. The remaining 12.5 % of the participating anaesthetists

in ‘Group — III” self-rated themselves as novices.

Assessment checklist (AC):

Scores for the AC were mean (SD) = 32.85 (5.22), minimum = 22 and maximum =
40. One-way analysis of variance (ANOVA) revealed an overall significant difference
in the mean AC scores among the three groups (F = 12.01, P = 0.0005). We did not
measure the differences occurred between the groups. ‘Group — III’ had the highest
AC score with mean (SD) = 37.37 (1.76) versus ‘Group — II’ mean (SD) = 32.16
(2.31) and ‘Group — I’ having the lowest mean (SD) = 28.28 (5.55), respectively
(figure 9). This proved that higher total AC scores were associated with greater

number of UGRA blocks performed (figure 10).
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Figure 9 Assessment Checklist (AC) scores of the three study groups
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Figure 10 Assessment Checklist (AC) score Vs. UGRA blocks performed in the
preceding year
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Global rating scale (GRS):

Scores for the GRS were mean (SD) = 33.71 (8.19), minimum = 17 and maximum =
45. One-way analysis of variance (ANOVA) revealed an overall significant difference
in the mean GRS scores among the three groups (F = 7.81, P = 0.0036). We did not
measure the differences occurred between the groups. ‘Group — III’ had the highest
GRS score with mean (SD) = 40.12 (5.22) versus ‘Group — II’ mean (SD) = 32.66
(7.86) and ‘Group — I’ having the lowest mean (SD) = 27.28 (6.04), respectively
(figure 11). This further confirmed that higher total GRS scores were associated with

higher number of UGRA blocks performed (figure 12).
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Figure 11 Global Rating Scale (GRS) of the three study groups
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Reliability of the assessment tool:

There was excellent inter-rater agreement for both the assessment checklist (AC) and
the global rating scale (GRS). The Pearson’s correlation coefficients (r) were 0.93 (P
< 0.001) and 0.96 (P < 0.001) for the AC and GRS, respectively.

Similarly, Cronbach’s alpha coefficient for the AC and GRS was 0.94 and 0.83

respectively, which demonstrates high inter-item consistency.
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DISCUSSION:

The primary aim of this study was to establish the construct validity of a criterion-
referenced assessment tool in ultrasound-guided regional anaesthesia. The results of
our study illustrate a significant relationship between the number of ultrasound-guided
regional anaesthetic blocks performed and the scores attained in the 2 components of
the assessment tools, consisting of the assessment checklist and global rating scale
respectively. Thus it concludes that the assessment tool is able to discriminate
between different levels of experience and expertise of anaesthetists in the
performance of ultrasound-guided regional anaesthesia. The assessment tool also
reveals almost perfect agreement between the two expert examiners. The excellent
inter-rater agreement and high inter-item consistency further explains that the

reliability of the assessment tool is very strong.

Data on acquisition of technical skill proficiency in anaesthesia are scarce.??® Even
though, objective and reproducible systems have become the norm for expertise
appraisal but their application in anaesthesia has always lagged behind. Regional
anaesthetic procedures are complex to learn as compared with the basic manual skills
necessary for general anesthesia'’ and this in line with previous studies, which have

confirmed that regional anaesthetic procedures are the most difficult to master.?2%2%

In the United States one of the prerequisites to board certification in addition to the
requirement of written and oral examinations is a minimum number of procedures to

be performed by the potential applicants.*® In anaesthesia, previous studies have
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endeavoured to enumerate a minimum number of procedures, whether successful or
not, which are required to achieve consistency in regional anaesthesia.™**#°%2% But
this attainment of a proposed number of procedures requires validity and may not
guarantee proficiency since trainees might recurrently perform procedures

erroneously. ™

This system only records experience to procedures and not
competence or success rate. Moreover, this system is dependent on expert consensus
instead of a valid assessment system or experimentation to ascertain the acceptable

number of procedures that should be achieved to obtain privileges.?”

Statistical analysis has been employed in the past to establish competence in
performance of labour epidural analgesia®>* and other anaesthetic procedures.3?%
However, this method only takes success rate into account for competency. It does not

take into account all the other essential characteristics of the performance including,

sterility, safety and dexterity that are significant to achieve competency.

Essential objective parameters of satisfactory performance consistently improve
appraisal of technical skills. These measures make sure that trainees are being
assessed on their aptitude to execute a task rather than the existing rapport between
the candidate and preceptor.’”® The checklists change examiners into observers of an
expertise, in contrast to interpreters of a performance, in this way remove subjectivity.
The global rating scale guarantees that the precision calculated by the checklists is not
decoded as competence and give assessors the chance to give an impression of a
performance regardless of whether the checklists criteria were met.'® Both

instruments together provide the most valid and reliable assessment of an expertise.
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In the past distinct assessment tools have been developed for a variety of regional
anaesthesia techniques but all of these tools were task specific and intended for
exclusive type of regional anaesthetic nerve blocks.'®!"1% On the contrary the

assessment tool*'°

, Which was created by the Delphi method, and now being validated
is the one that contains more comprehensive content in order to appraise more
generalise competencies of any type of ultrasound-guided regional anaesthetic block.

It is not task specific and for that reason anticipated to be used for different types of

ultrasound-guided regional anaesthetic techniques.

One limitation of this study was that some of the included items of the assessment tool
might not essentially be evidence based since it was created with the Delphi’s
methodology and where the consensus was reached from different reviewers’
opinions. Another disadvantage of this assessment tool is that the process is labor

intensive and demands the commitment of expert assessors.

One of the weaknesses of a ‘yes / no’ checklist is its propensity to be quantitative
only. The authors of the study”*® have tried to include the qualitative aspect in the
checklist by adding a 3-scale feature that facilitated the assessors to appraise the

procedure performances more precisely.

Another weakness of the checklist is that all the items are given equivalent
significance, which may result in circumstances where a high score is achieved, even

d.117

if essential items are ignore Adding a ‘pass / fail’ option to the scoring system

could compensate this problem by permitting the assessors to assign a ‘fail” grade to a
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skill performance if they think that an essential item or step of the procedure is not

satisfactorily performed or missed.

The global rating scale may be slightly more subjective than the checklist because it
reveals what the assessors believe is the acceptable flow of the procedure, in contrast

to the more objective nature of the checklist.

One may argue that the assessment tool is intended to assess the process of
ultrasound-guided regional anaesthesia not its outcome. While clinical outcomes are
essential conditions for assessing competence, they are not inevitably sensitive or
precise measures of technical aptitude.'*® Here the issue appears that whether
enhanced technical aptitude and improved course of action generate better outcomes
in the form of improved clinical accomplishment and less complications. Instincts
recommend this should be true but further evaluation via future studies is a requisite,

particularly if formal competency assessment and credentialing is being considered.

Training programs in medicine are becoming liable to different regulatory bodies to
make sure that physicians in training are objectively assessed for their skill

acquirement. The validation of a criterion-referenced assessment tool?*°

is a next step
towards achieving this goal. Besides this, the assessment tool could also be utilized in
diagnosing the deficiencies in any training program and in particular of any individual
trainee who might need further teaching and training. Similarly, this may improve the
way the trainees are being appraised and recognize phases of training that needed

further improvement. Later the same tool can be use to record trainee’s progress

during the training.
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The assessment of training in ultrasound-guided regional anaesthesia is moving away
from the traditional informal assessment of technical skill to more specific and
objective evaluations of the specific tasks that define competency?*®, as demonstrated
by the guidelines of American (ASRA) and European (ESRA) societies of regional
anesthesia.”®* The objective assessment tools for technical skills such as assessment
checklists and global rating scale, will eliminate bias and subjectivity by turning
examiners into observers rather than interpreters of behaviour.?*” The assessment tool,
which was created by Cheung, J.J. et al.** can also be utilized to identify gaps in
learning and provide objective feedback that will facilitate trainees to improve their
skill acquirement. The most important aspect of this assessment tool is that it has the
potential to be generalised for all types of ultrasound-guided regional anaesthesia

procedures.

Future study is required to evaluate the efficacy of the assessment checklist and global
rating scale as training tools in anaesthesia residency programmes. In addition to that
these assessment tools when used in different programs should be further studied for
its learning outcomes and it’s feasibility for use in the form of feedbacks from

students and instructors should be examined.
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UNITED KINGDOM - CHINA + MALAYSIA NHS Trust

School of Clinical Sciences

Division of Anaesthesia and Intensive Care
University Hospital

Queen’s Medical Centre

Nottingham

NG7 2UH

0115 8231009

Participant Information Sheet - Anaesthetist
(Final Version 1.0. Date 17*" April 2013)

Construct validity and reliability of an Objective structured assessment tool for
performance of ultrasound-guided regional anaesthesia.

Name of Researchers: Dr Atif Shafqat, Dr Vishal Thanawala, Dr Kambasi Mohammed
Rafi, Dr Nigel Bedforth, Dr Rob McCahon and Professor Jonathan Hardman.

We would like to invite you to take part in our research study. Before you decide we
would like you to understand why the research is being done and what it would involve
for you. One of our team will go through the information sheet with you and answer any
questions you have. Talk to others about the study if you wish. Ask us if there is
anything that is not clear.

What is the purpose of the study?

The international trend of decreasing working hours during training, an increase in focus
on patient safety and greater accountability to the public and government has led to
increase demands for objective assessment of manual skills and competency in the
performance of invasive procedures in medicine.

The ability to perform practical procedures efficiently and safely is an important aspect of
the practice of anaesthesia. The assessment of procedural skill in anaesthesia is
generally given less importance than assessment of knowledge and judgement-based
skills. The use of ultrasound by anaesthetists has increased dramatically. The last 2
decades have seen a rapid development in ultrasound-guided regional anaesthesia and is
partly responsible for the resurgence of regional anaesthesia. Ultrasound-guided regional
anaesthesia is relatively a complex invasive procedure. It comprises of a multitude of
crucial technical and non-technical components, which are required in order to perform
safely, effectively and efficiently. Therefore, a clear need exists to develop a reliable
assessment of the performance of ultrasound-guided regional anaesthesia.

At present, the methods used to assess technical skills in Anaesthesia, such as log books
and direct observation of procedural skills (DOPS) without specific assessment criteria
are subjective and unreliable, since they are based on the judgement of more
experienced and senior colleague. Direct observation with criteria, specifically checklists
and global rating scales, may greatly improve the assessment of a technical skill. They
are crucial to the structured learning of these skills. These assessment tools have
previously been validated for certain types of regional anaesthesia techniques, intended
to assess competencies related to a specific task.

Page 1 of 4
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Appendix 11

A criterion-referenced checklist with global rating scale to assess the performance of
different types of ultrasound-guided regional anaesthesia techniques has been developed
using a modified Delphi method. This assessment tool has already established high face
validity and concurrent validity. However, it did not attempt to demonstrate the
construct validity or reliability of the assessment tool. Therefore, we aim to examine the
construct validity and reliability of both components of this new assessment tool for the
performance of ultrasound-guided regional anaesthesia, by examining whether it can
adequately differentiate between performance levels in Anaesthetists across the
spectrum of expertise.

The purpose of this study is primarily educational and it will form part of the PhD. degree.

In addition to that it will also determine the construct validity and reliability of a
criterion-referenced assessment tool for the performance of ultrasound guided regional
anaesthesia. This is an observational study, which will be conducted at Nottingham
University Hospitals NHS Trust. The study will involve all grades of anaesthetists who are
performing ultrasound-guided regional anaesthesia as part of their usual clinical practice.
This will necessarily include any patient who is having ultrasound-guided regional
anaesthesia as part of their planned anaesthetic management.

Why have I been invited?

You are being invited to participate in this study because you are a Consultant
Anaesthetist or a Trainee, working within the Specialist Support Directorate of
Nottingham University Hospital’'s NHS Trust; whose clinical decision is to perform
ultrasound-guided regional anaesthesia on your patient. We are inviting approximately
50 participants like you to take part

Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you
will be given this information sheet to keep and be asked to sign a consent form. If you

decide to take part you are still free to withdraw at any time and without giving a reason.

This would not affect your legal rights.
What will happen to me if I take part?

Poster advertising the study will be distributed by e-mail to all anaesthetists like you,
working at Nottingham University Hospitals NHS Trust.

Potential anaesthetists like you, wishing to participate will be invited to attend and
informed consent will be gained in advance of any clinical activity. The patients of the
participating anaesthetists who have consented to take part in the study, although are
not direct participants of the study but will be consented on the day of the surgery.

The study will take place during the routine operating lists. The participating anaesthetist
will perform ultrasound-guided regional anaesthesia, as they would normally do so on
their patients. A single performance of ultrasound-guided regional anaesthesia from all
the anaesthetists participating in the study will be observed.

Two experts will objectively assess all the performances of ultrasound-guided regional
anaesthesia independently and will not influence the clinical practice of the participating
anaesthetist in any way. This assessment will be in real time during the performance of
the ultrasound-guided regional anaesthesia and will begin with the initial preparation and
equipment setup and end at completion of the procedure.
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Expenses and payments
Participants will not be paid to participate in the study.
What are the possible disadvantages and risks of taking part?

There should be no disadvantages of taking part in this study. You will be observed as
part of the study, if you feel uncomfortable in any way, you can stop at any time.

What are the possible benefits of taking part?

We cannot promise the study will help you but the information we get from this study
may help to determine the validity and reliability of the assessment tool. After validation,
the main benefit of this tool to the participants and other future anaesthetists will be that
it can be used to detect gaps in learning and provide objective feedback that will enable
anaesthetists to improve their skills acquisition.

What happens when the research study stops?
The study will only be stopped prematurely if we fail to recruit participants.
What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions. The researchers contact
details are given at the end of this information sheet. If you remain unhappy and wish to
complain formally, you can do this by contacting patient advice and liaison service (PALS)
at Nottingham university hospitals NHS trust. The contact details are given at the end of
this information sheet.

Will my taking part in the study be kept confidential?

We will follow ethical and legal practice and all information about you will be handled in
confidence.

If you join the study, some parts of the data collected for the study will be looked at by
authorised persons from the University of Nottingham who are organising the research.
They may also be looked at by authorised people to check that the study is being carried
out correctly. All will have a duty of confidentiality to you as a research participant and
we will do our best to meet this duty.

All information, which is collected, about you during the course of the research will be
kept strictly confidential, stored in a secure and locked office, and on a password
protected database. Any information about you that leaves the hospital will have your
name and address removed (anonymised) and a unique code will be used so that you
cannot be recognised from it.

All research data will be kept securely for 7 years. After this time your data will be
disposed of securely. During this time all precautions will be taken by all those involved
to maintain your confidentiality, only members of the research team will have access to
your personal data.
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What will happen if I don’t want to carry on with the study?

Your participation is voluntary and you are free to withdraw at any time, without giving
any reason, and without your legal rights being affected. If you withdraw then the
information collected so far cannot be erased and this information may still be used in
the project analysis.

What will happen to the results of the research study?

The results will be presented as a written project authored by Dr Atif Shafgat in
completion of his PhD. The findings of this study may also be presented at national or
international meetings and may be published in a medical journal.

Who is organising and funding the research?

This research is organised by the University of Nottingham and is being funded by the
institutional funds. There is no external funding for this study.

Who has reviewed the study?

All research in the NHS is looked at by independent group of people, called a Research
Ethics Committee, to protect your interests. This study has been reviewed and given
favourable opinion by Berkshire Research Ethics Committee.

Further information and contact details

Professor Jonathan Hardman

Chief Investigator

University Department of Anaesthesia
Queens Medical Centre, Nottingham NG7 2UH
Tel: 0115 823 1002

Email: J.Hardman@nottingham.ac.uk

Dr Atif Shafqat

PhD. Student Researcher, University of Nottingham
University Department of Anaesthesia

Queens Medical Centre, Nottingham NG7 2UH

Tel: 0115 823 1004

Email: msxas4@nottingham.ac.uk

Patient Advice and Liaison Service (PALS)

NUH NHS Trust, c/o PALS,

Freepost, NEA 14614,

Nottingham NG7 1BR

Email: pals@nuh.nhs.uk

Fax: 0115 875 4655

Tel: 0800 052 1195 (City Hospital campus)
0800 183 0204 (QMC campus)
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B | The University of Nottingham University Hospitals [1'/z~3
I‘ Nottingham J d NFI:STrust

CONSENT FORM - Participant Anaesthetist
Final version 1.0. Date 17*" April 2013

Study Ref:
Name of Participant Anaesthetist:

Title of Project:
Construct validity and reliability of an Objective structured assessment tool for performance of
ultrasound-guided regional anaesthesia.
Name of Researchers:

Dr. A Shafgat, Dr. V Thanawala, Dr. KM Rafi, Dr. N Bedforth, Dr. R McCahon and Prof. J Hardman.

Please initial all boxes

1. | confirm that | have read and understand the information sheet (Final Version number
1.0 dated the 17'" April 2013) for the above study. | have had the opportunity to
consider the information, ask questions and have had these answered satisfactorily.

2. lunderstand that my participation is voluntary and that | am free to withdraw at any
time without giving any reason, without my legal rights being affected. | understand
that should | withdraw then the information collected so far cannot be erased and that
information may still be used in the project analysis.

3. lunderstand that the data collected in the study may be looked at by authorised
individuals from the University of Nottingham, the research group and regulatory
authorities where it is relevant to my taking part in this study. | give permission for
these individuals to have access to these records and to collect, store, analyse and
publish information obtained from my participation in this study. | understand that my
personal details will be kept confidential.

4. | agree to take partin the above study.

Name of Participant Date Signature

Name of Researcher Date Signature
taking consent.

Construct validity and reliability of an Objective structured assessment tool for performance of ultrasound-guided regional
anaesthesia. Participant Anaesthetist Consent Form. Final Version 1.0. Date 17th April 2013
When completed: - 1 copy for Participant Anaesthetist, 1 (original) copy for researcher site file.

Page 1 of 1
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Patient Information Sheet
(Final Version 1.0. Date 17*" April 2013)

Construct validity and reliability of an Objective structured assessment tool for
performance of ultrasound-guided regional anaesthesia.

Name of Researchers: Dr Atif Shafqat, Dr Vishal Thanawala, Dr Kambasi Mohammed
Rafi, Dr Nigel Bedforth, Dr Rob McCahon and Professor Jonathan Hardman.

We would like to invite you to take part in our research study. Before you decide we
would like you to understand why the research is being done and what it would involve
for you. One of our team will go through the information sheet with you and answer any
questions you have. Talk to others about the study if you wish. Ask us if there is
anything that is not clear.

What is the purpose of the study?

Like any other clinical specialty where patient safety is given prime importance through
constant checks and assessments, anaesthesia (loss of sensation) requires assessment
of both technical and non-technical skills that are performed on patients. Ultrasound-
guided regional anaesthesia is a complex invasive procedure that requires skills to
perform safely, effectively and efficiently. Therefore, there is a need to revise and test
the already available assessment tool for the performance of ultrasound-guided regional
anaesthesia.

The purpose of this study is primarily educational and it will form part of the PhD. degree.
In addition to that it will also determine the validity and reliability of an assessment tool
for the performance of ultrasound-guided regional anaesthesia. The objective is to
establish that this tool can reliably assess performance of ultrasound-guided regional
anaesthesia and thus differentiate between different levels of expertise.

This is an observational study, which will be conducted at Nottingham University
Hospitals NHS Trust. The study will involve all grades of anaesthetists who are
performing ultrasound-guided regional anaesthesia as part of their usual clinical practice.
This will necessarily include you (any patient) who is having ultrasound-guided regional
anaesthesia as part of your planned anaesthetic management. Although you are not
direct participant, but will be consented on the day of your surgery.

The participating anaesthetist will perform ultrasound-guided regional anaesthesia, as
they would normally do so on their patients. A single performance of ultrasound-guided
regional anaesthesia from all the anaesthetists participating in the study will be observed.
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Appendix 16

Two experts will objectively assess all the performances of ultrasound-guided regional
anaesthesia independently and will not influence the participating anaesthetist in any
way. This assessment will be in real time during the performance of the ultrasound-
guided regional anaesthesia and will begin with the initial preparation and equipment
setup and end at completion of the procedure.

Why have I been invited?

You are being invited to take part because you are having an operation in one of the
theatres in Nottingham University Hospitals NHS Trust where we would like to undertake
these observations of anaesthetists performing ultrasound-guided regional anaesthesia.
We are inviting 50 participants like you to take part.

Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you
will be given this information sheet to keep and be asked to sign a consent form. If you

decide to take part you are still free to withdraw at any time and without giving a reason.

This would not affect the standard of care you receive.
What will happen to me if I take part?

As the study will take place during routine operating lists, therefore, we are only
observing an already happening, routine clinical procedure. All anaesthetists are fully
competent to carry out the procedure, it is only for the purpose of testing the
assessment tool, we will observe their actions that is how they are using ultra-sound to
perform your regional anaesthesia.

Two researchers will observe the actions of the anaesthetist while they are using ultra-
sound to perform your regional anaesthesia. They will discuss with the anaesthetic team
beforehand where the best place is to observe without interfering with the flow / process
of safe anaesthesia.

For each individual case, the observations will stop when you leave the anaesthetic room.

Each observation will take the length of the Ultra-sound guided regional anaesthesia
procedure, which is around 20 minutes on average. The whole study is taking place
over 3 months.

Your name will not be recorded as part of the study and there is no way that any
observations could be linked to you.

Expenses and payments

You (any patient) will not be paid to participate in the study.

What are the possible disadvantages and risks of taking part?

We do not anticipate any risk or disadvantage to you from taking part.

What are the possible benefits of taking part?

We cannot promise the study will help you but the information we get from this study

may help to determine the validity and reliability of the assessment tool for the
performance of ultrasound-guided regional anaesthesia.
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What happens when the research study stops?
The study will only be stopped prematurely if we fail to recruit participants.
What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions. The researchers contact
details are given at the end of this information sheet. If you remain unhappy and wish to
complain formally, you can do this by contacting patient advice and liaison service (PALS)
at Nottingham university hospitals NHS trust. The contact details are given at the end of
this information sheet.

Will my taking part in the study be kept confidential?

We will follow ethical and legal practice and all information about you will be handled in
confidence.

If you join the study, some parts of the data collected for the study will be looked at by
authorised persons from the University of Nottingham who are organising the research.
They may also be looked at by authorised people to check that the study is being carried
out correctly. All will have a duty of confidentiality to you as a research participant and
we will do our best to meet this duty.

All information, which is collected, about you during the course of the research will be
kept strictly confidential, stored in a secure and locked office, and on a password
protected database. Any information about you that leaves the hospital will have your
name and address removed (anonymised) and a unique code will be used so that you
cannot be recognised from it.

All research data will be kept securely for 7 years. After this time your data will be
disposed of securely. During this time all precautions will be taken by all those involved
to maintain your confidentiality, only members of the research team will have access to
your personal data.

What will happen if I don’t want to carry on with the study?

Your participation is voluntary and you are free to withdraw at any time, without giving
any reason, and without your medical care or legal rights being affected. If you withdraw
then the information collected so far cannot be erased and this information may still be
used in the project analysis.

What will happen to the results of the research study?

The results will be presented as a written project authored by Dr Atif Shafgat in
completion of his PhD. The findings of this study may also be presented at national or
international meetings and may be published in a medical journal.

Who is organising and funding the research?

This research is organised by the University of Nottingham and is being funded by the
institutional funds. There is no external funding for this study.
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Who has reviewed the study?

All research in the NHS is looked at by independent group of people, called a Research
Ethics Committee, to protect your interests. This study has been reviewed and given
favourable opinion by Berkshire Research Ethics Committee.

Further information and contact details

Professor Jonathan Hardman

Chief Investigator

University Department of Anaesthesia
Queens Medical Centre, Nottingham NG7 2UH
Tel: 0115 823 1002

Email: J.Hardman@nottingham.ac.uk

Dr Atif Shafqat

PhD. Student Researcher, University of Nottingham
University Department of Anaesthesia

Queens Medical Centre, Nottingham NG7 2UH

Tel: 0115 823 1004

Email: msxas4@nottingham.ac.uk

Patient Advice and Liaison Service (PALS)

NUH NHS Trust, c/o PALS,

Freepost, NEA 14614,

Nottingham NG7 1BR

Email: pals@nuh.nhs.uk

Fax: 0115 875 4655

Tel: 0800 052 1195 (City Hospital campus)
0800 183 0204 (QMC campus)
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B | The University of Nottingham University Hospitals [1'/z~3
I‘ Nottingham J d NFI:STrust

CONSENT FORM - Patient
Final version 1.0. Date 17*" April 2013

Name of Patient:

Title of Project:
Construct validity and reliability of an Objective structured assessment tool for performance of
ultrasound-guided regional anaesthesia.
Name of Researchers:

Dr. A Shafgat, Dr. V Thanawala, Dr. KM Rafi, Dr. N Bedforth, Dr. R McCahon and Prof. J Hardman.

Please initial all boxes

1. | confirm that | have read and understand the information sheet (Final Version number
1.0 dated the 17'" April 2013) for the above study. | have had the opportunity to
consider the information, ask questions and have had these answered satisfactorily.

2. lunderstand that my participation is voluntary and that | am free to withdraw at any
time without giving any reason, without my medical care or legal rights being affected.
| understand that should | withdraw then the information collected so far cannot be
erased and that information may still be used in the project analysis.

3. lunderstand that relevant sections of my medical notes and data collected in the study
may be looked at by authorised individuals from the University of Nottingham, the
research group and regulatory authorities where it is relevant to my taking part in this
study. | give permission for these individuals to have access to these records and to
collect, store, analyse and publish information obtained from my participation in this
study. | understand that my personal details will be kept confidential.

4. |agree to take partin the above study.

Name of Participant Date Signature

Name of Researcher Date Signature
taking consent.

Construct validity and reliability of an Objective structured assessment tool for performance of ultrasound-guided regional
anaesthesia. Patient Consent Form. Final Version 1.0. Date 17th April 2013
When completed: - 1 copy for Patient, 1 copy for Patient's Medical Notes, 1 (original) copy for researcher site file.
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The University of

Nottingham

DEMOGRAPHIC DATA COLLECTION FORM
Final version 1.0. Date 17" April 2013

Participant’s Study Ref:
Type of Block Performing:

Title of Project:
Construct validity and reliability of an Objective structured assessment tool for
performance of ultrasound-guided regional anaesthesia.

Please complete 3 questions regarding your UGRA practice below;

Total number of ultrasound-guided
nerve blocks performed in the preceding
Year.

Number of ultrasound-guided nerve
blocks performed in the preceding
Month.

A self-assessment of your UGRA
expertise: Novice, Competent, or
Expert.

Construct validity and reliability of an Objective structured assessment tool for
performance of ultrasound-guided regional anaesthesia. Demographic Data Collection
Form. Final Version 1.0. Date 17th April 2013
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Construct validity and reliability of an Objective structured assessment tool for performance of UGRA.
Assessment Checklist Data Collection Form. Final Version 1.0. Date 17th April 2013

Assessment Checklist Data Collection Form*

Participant’s Study Ref:

Title of Project:
Construct validity and reliability of an Objective structured assessment tool for performance of
ultrasound-guided regional anaesthesia.

Not Performed  Performed
Tasks Performed Poorly Well
0 1 2

1) Proper positioning of patient

2) Correct placement of ultrasound machine relative to patient to
allow easy visualization of both

3) Choice of correct transducer

4) Correct depth, gain and focal zone choices

5) Holds the probe appropriately (3 fingers holding the probe and

1 finger touching the patient)

6) Knowledge or confirmation of screen orientation (ie, which side
of probe corresponds to which side of screen)

7) Scanning of anatomy and proper identification of target

8) Use of Doppler to rule out vascular structures (if applicable)

9) Appropriate needle alignment

10) Maintainance of needle tip image during advancement of needle
11) Efficiency of regaining needle tip position image (PART Maneuver)
12) Recognition of proper nerve stimulation at appropriate levels

(if nerve stimulation used)

13) Ensure that current is not <0.2 mA (if nerve stimulation used)

14) Ask for initial aspiration to rule out intravascular injection

15) Visualization of needle tip before injection

16) Ask for 1- to 2-mL intial injection to rule out intraneural and
intravascular injection

17) Ask patient or at least look for signs of pain/discomfort

18) Ask for proper aspiration every 5-mL increments injection

19) Recognition of proper needle tip position

20) Perform appropriate needle tip adjustments

21) Assessment of ease of injection (high pressure)

22) Recognition of correct local anaesthetic spread in relation to nerve

*Ref: Cheung JJ, Chen EW, Darani R, et al. The creation of an objective assessment tool for
ultrasound-guided regional anesthesia using the Delphi method. Reg Anesth Pain Med. 2012
May-Jun;37(3):329-33.
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Construct validity and reliability of an Objective structured assessment tool for performance of UGRA. Global Rating Scale Data Collection Form. Final Version

1.0. Date 17th April 2013

Global Rating Scale Data Collection Form*

Participant's Study Ref:

Score

1

3

5

Preparation for procedure
(eg, monitors, IV access, U/S machine)

Patient Interaction

Did not organize equipment well. Has to

stop procedure frequently to prepare them.

[ 1
Little to no rapport established; Patient
is unaware of procedures. No sedation
is provided.

[ 1

Asepsis (eg, use of sterile gloves, prope Practice of proper aseptic technique not
patient draping, probe sterility, cleansing generally apparent. Many errors in aseptic
of skin before infilteration, use of op site) technique made throughout procedure.

Respect for Tissue

Time and motion

Instrument handling

Flow of procedure

Knowledge of procedure

Overall performance
Overall, should the candidate;
Pass / Fail

[ 1
Frequently uses unnecessary force on
tissue or causes damage.

[ 1

Many unnecessary movements.

[ 1
Repeatedly makes tentative and
awkward movements.

[ 1
Frequently stops procedure and seems
unsure of next move.

[ i

Deficient knowledge

Very poor

Equipment generally organized.

Occasionally has to stop and prepare them.
1 [ 1

Rapport is generally established; patient

is aware and informed of most procedures.

Patient anxiety is alleviated adequately

with a sedative(s).

1 [ 1

Generally practices proper aseptic technique.

Occasional errors in aseptic technique
made during procedure.

1 [ 1
Carefully handles tissue but occasionally
causes unintentional damage.

1 [ 1
Efficient i ion but some ur y
movements.

1 [ 1

Competent with instruments but occasionally
makes awkward or stiff movements.

1 [ 1
Demonstrates some forward planning with
reasonable progression of procedure.

1 [ 1

Knows all important steps of procedure.

Competent

All equipment neatly organized,
prepared and ready for use.
[ 1
Strong rapport is established and maintained
throughout procedure. Patient is well informed
of all relevant procedures. Patient anxiety
alleviated through sedation and verbal comforting.
[ 1
Excellently demonstrates proper aseptic
technique. Few or no errors in aseptic
technique made during procedure.
[ 1
Consistently handles tissues appropriately
with minimal damage.
[ 1
Clear economy of movements.
Maximum efficiency.
[ 1
Fluid movements with instruments and no
awkwardness.
[ 1
Obviously planned course of procedure,
with effortless flow from one move to the next.
[ 1
Demonstrates familarity with all aspects of
the procedure.

Clearly superior

*Ref: Cheung JJ, Chen EW, Darani R, et al. The creation of an objective assessment tool for ultrasound-guided regional anesthesia using the
Delphi method. Reg Anesth Pain Med. 2012 May-Jun;37(3):329-33.




CHAPTER -4

The Impact of Video games on Ultrasound — Guided

Regional Anaesthesia (UGRA) skills



INTRODUCTION

There has been much emphasis on the identification and evaluation of the innate

166168232 and anaesthetic trainees™’, since these capabilities have

aptitudes of surgica
the potential to predict technical expertise of procedural performances. It is believed
that technical expertise is influenced by innate or inborn psychomotor and visuospatial
abilities.”® Technical expertise is compared to a motor skill, in which an excellent
technique is the outcome of an exclusive blend of innate abilities and practice of a
certain task. Expertise differs from ability. Ability is deemed as a set of innate
characteristics that decide potential for a given activity. Abilities are present since
birth and are comparatively non-customizable despite of any contribution in the form

of further practice, training or experience and remain relatively permanent throughout

life.2%

Psychomotor ability is the capability to execute bodily motor movements with
precision, coordination, or strength.?** Expert procedural skillfulness is the product of
a precise fusion of both innate psychomotor ability and practice or experience of a

particular task.

Visuospatial ability is the aptitude to create, retain, retrieve, and transform well-
structured visual images. It is considered to be fundamental in the analysis of images,
which are produced by X-ray, computed tomography (CT), magnetic resonance
imaging (MRI), or ultrasound.?®* During analysis of such images, medical staffs have
to depict mentally and deduce the patients’ three-dimensional (3D) anatomy from a

two-dimensional (2D) image.?*
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Ultrasound-guided needle placement is a technical procedure that is evolving into a
universal skill for medical professionals in a variety of specialities.”*® Medical
disciplines including critical care, internal medicine, obstetrics and interventional
radiology routinely perform interventional ultrasound-guided procedures.'?!23"240
Ultrasound—guided regional anesthesia (UGRA) is an invasive procedure that involves

241

complex motor skills“** and requires manual dexterity, hand-eye coordination and a

working knowledge of sono-anatomy.**’

UGRA has many parallels with laparoscopic surgery, particularly with respect to the
complex motor skills required.**® At a basic level, it is possible that laparoscopy and
UGRA are similar with respect to the interaction of the operator’s hands and eyes with
the ultrasound probe/laparoscope, the patient and the screen. The strive for
overcoming the technical challenges associated with laparoscopic surgery and UGRA
in particular has increased the significance of the physicians’ visuospatial and
psychomotor abilities. Earlier studies have shown that diversity in innate abilities can

predict the rate of skill acquirement.*>*2%

Video games have become an integral part of our daily lives in today’s society. In
2002, the total sales in the video game industry came up to $ 10 billion in the United
States.?”® The average age of a video gamer is 29 years old.*®” According to Gentile
DA et al. the average playing time for 94 % of adolescents is nine hours per week and

for adolescent boys this number is even more at 13 hours per week respectively.?*
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Negative correlations with video game playing include lower grades in school®*,

241248 @enileptic seizures®® and

childhood obesity?*?* muscular and skeletal disorders
decrease positive pro-social behaviours.*** Others also include increases in blood
pressure, heart rate and stress hormones.®*** However, there are a number of
positive benefits of video games. Studies have shown that video game players have

252

superior visuospatial ability?®® and spatial resolution.”®® They have better reaction

5

time®® and enhanced eye-hand coordination® and also demonstrate improved

2% and mental rotation.?®’

performance on neuropsychological tests
The influence of nonsurgical aptitude and skillfulness, such as video gaming
capability on laparoscopic surgical expertise is still uncertain. For many years there
has been an association between video games and surgical aptitude. Game consoles
imply the handling of three-dimensional (3-D) objects via a two-dimensional (2-D)
screen, which need dexterity of the wrist and hand. This expertise seems analogous to
surgical and regional anaesthetic techniques such as laparoscopy and ultrasound-

guided regional anaesthesia (UGRA), respectively.

Prior evidence has shown that video games are useful for both visual attention and
hand-eye coordination. In a study Green CS and Bavelier D*® have evaluated the
effects of video games on both visual attention and spatial distribution. It was
concluded that video gaming was positively correlated to visual attention processing.

Similarly, Rosser JC et al.?*® compared surgeons on a laparoscopic training course.
They found that the surgeons who had participated in video game activity for more
than three hours per week in the past were 27 % faster in completion of the course

tasks, made 37 % fewer errors and scored overall 42 % better than surgeons who had
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never been involved in any sort of video game activity. Thus, concluded that video

game skills correlate with laparoscopic skills.

Other studies”®?®* have recommended that younger surgeons undergo rapid and
effortless skills acquisition in laparoscopic surgery than their senior contemporaries.
The authors believed that this might be due to the fact that the younger surgeons have
been exposed to video games at an early age and thus have had more familiarity and
practice with screen-mediated task completion. In addition to that regular involvement
in video gaming activities predisposes the subject to be more competent at video-

endoscopic surgical tasks.>*"*®

Grantcharov TP et al.** examined the impact of video games on virtual reality
laparoscopy. The outcome revealed that surgeons with video game experience
performed better in terms of number of errors and time completion of the task and this
difference remained significant after adjustment for gender and dominant hand.

Recently, there has been rapid growth in studies®®*23*2%

suggesting that gamers have
better laparoscopic skills and that video games could be used as a cost-effective and
fun way to train basic laparoscopic skills in surgical residents. However, to date
within regional anaesthesia none of the studies have evaluated the impact of video
games on UGRA skills. Therefore the aim of our study is to explore whether playing
video games will predict psychomotor performance of ultrasound-guided needling

task or could impact on tests of visuospatial ability and also examine the correlation

between these innate abilities.
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METHODS

The study was reviewed and approved by the University of Nottingham Medical

School Research Ethics Committee.

Design
This single centered, prospective, blinded observational study was conducted at the
University Department of Anesthesia, Queen’s Medical Centre, Nottingham

University Hospitals NHS Trust, Nottingham UK.

Subjects

Participants from whom written informed consent has been obtained were included in
the study. Whereas subjects with previous experience of ultrasound scanning or
performing regional anesthesia were excluded from the study. Participants were free

to withdraw from the study at any point in time.

Recruitment

Medical students were invited to participate in the study via a poster [appendix 23] to
be circulated through e-mail, and exhibited on the Networked Learning Environment
(NLE), by and with permission of the Medical Student Undergraduate Co-ordinator
(University of Nottingham). A participant information sheet [appendix 24-27] was
forwarded to those who expressed an interest, via e-mail or in person. Candidates
wishing to participate were invited to attend and written informed consent [appendix

28] was gained on the day of the study, including consent for video recording.
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The study involved three elements [figure 13]. The registered medical students were
asked to undergo and complete all three elements of the study. Participants’
characteristics were concealed throughout the study, and their assessments were

hidden from view within individual folders.

Demographics Questionnaire

Element 1 Age, Gender, Year of study in medical school,

Previous Experience of UGRA and Video Games
Experience.

Assessment of Psychomotor Ability

Ultrasound-guided psychomotor task performance
on a turkey-breast model and its assessment for;

1. Time completion of the task

Element 2 2. Accuracy (CES)* of the task

3. Overall quality (GRS)** of the task

* Composite Error Score

** Global Rating Scale

Assessment of Visuospatial Ability

Visuospatial ability assessments;

Element 3 1. Mental Rotation Test (MRT-A)

2. Group Embedded Figures Test (GEFT)

3. Alice Heim Group Abilitv Test (AH4)

Figure 13 Study Configuration
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Study Elements
1. Demographic questionnaire
2. Assessment of Psychomotor ability

3. Assessment of Visuospatial ability

1. Demographic Questionnaire

The first element of the study entailed completion of a demographic questionnaire. All
the participants were asked to complete a questionnaire, providing some background
factors like video game experience, previous experience of regional anaesthesia and
other demographic information including age, gender and year of study in medical

school.

Video game experience was defined as one of the two options: ‘occasionally or daily’.
Not having video game experience was defined as ‘never played video games’.
Therefore the participants who have previous experience with video games were
categorise as ‘Gamers’ and those who have no experience at all with video games

were categorise as ‘Non — Gamers’.
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2. Assessment of Psychomotor Ability

Element two of the study comprised of evaluation of the psychomotor ability, which
was assessed by an ultrasound-guided needling task performance on a turkey-breast
model.**%!%® The participants were shown an 11- minute video of expert performance
of ultrasound-guided needle advancement, which was mapped to specific learning
objectives. The participants had a total of 30 minutes to watch and review the video.
They were then asked to complete the needling task on a turkey-breast model, using a
standard linear ultrasound probe (38-mm high-frequency linear array transducer;
HFL38X 13-6 MHz, Sonosite Limited, Hitchen, UK). In order to increase realism, the
turkey-breast was inserted into the groin recess of a Laerdal® IV-Torso manikin
(Laerdal Medical Limited, Orpington, Kent, UK). The learning objectives of the

ultrasound-guided needling task are summarized in table 8.
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Table 8 Learning Objectives of the UGRA task

Objectives of the Ultrasound-guided needling task

Vi.

Vii.

Switch on the ultrasound machine (S-Series, Sonosite Ltd, Hitchen, UK)

Correctly orientate the ultrasound probe (linear, 38mm) in relation to the
display on the screen.

Ensure adequate application of conducting gel to enhance ultrasound
transmission and picture quality.

Locate and identify the target (olive) within the turkey breast.

Adjust the gain function to improve the quality of the image by altering
brightness of the picture.

Alter the depth of the image to obtain a suitable image of the target.
Using an in-plane approach insert a 50mm Stimuplex® A needle (B Braun,
Melsungen, Germany) into the turkey breast and aim to place the needle tip at

the 12 o’clock position, as indicated by the attending assessors, above the upper
edge of the target, without piercing the target.
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Two anaesthetists experienced in performing ultrasound-guided regional anaesthesia
assessed the participants’ performance of the needling task independently. The
participants received no help or feedback before or during the task. The task
performance was evaluated in terms of (i) ‘time of completion’, (ii) the ‘accuracy’ and
(iii) ‘overall quality’. The ‘accuracy’ was assessed by composite error score (CES),

while the ‘overall quality’ was calculated by global rating scale (GRS).

CES™"191% [appendix 29] and GRS!%'"1% [appendix 30] are two previously
validated assessment tools. The assessors have undergone specific training and
practice in the use of these tools. The CES used in our study was similar to the one
used by Davies T et al.'® The CES was calculated by adding together the
measurements of ‘total number of errors’, ‘number of needle passes’ and ‘image
quality scale’ for each of the participant’s task performance. ‘Number of needle
passes’ is defined as, “a new puncture of the turkey breast skin or the withdrawal of
the needle towards the exterior of the turkey breast skin”. This definition along with
the classification of ‘image quality scale’ is similar to the one used by Sites BD et
al.'®® A lower composite error score is associated with better accuracy and task

performance.

The GRS was a modified version of that used in the original study by Martin JA et
al.*?® The GRS consisted of seven items each rated on a five — point scale. The GRS
predominantly assessed more general behaviors and the overall performance of the

participants.
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A video recording of the participant’s performance was made by a tripod-mounted
camcorder focusing the whole task including the ultrasound image and will only be
used for reference purposes, in circumstances if there were any uncertainties

concerning the participant’s performance.

3. Assessment of Visuospatial Ability

The third and the final element of the study consisted of visuospatial ability

assessments. Participants will undergo following assessments of visuospatial ability:

A) Mental rotation test (MRT)
B) Group Embedded Figures test (GEFT)

C) Alice-Heim Group Ability test (AH4)

Assessments of visuospatial ability were paper-based and administered under strict
examination conditions in the University Department of Anaesthesia, Queen’s
Medical Centre, Nottingham. Brief descriptions of all the visuospatial assessments are

provided below.

Visuospatial Assessments
The visuospatial assessments consisted of the Mental Rotation Test (MRT), Group

Embedded Figures Test (GEFT) and Alice Heim Group Ability Test (AH4).
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A) Mental rotation Test (MRT)*%*82

There are four different variations, based on the original Vandenberg & Kuse
(1978) mental rotation test figures, which in turn are based on figures provided by
Shepard & Metzler.'®® These include MRT-A, MRT-B, MRT-C and MRT-D

respectively.

We used MRT-A, which consists of 24 problem figures. Each problem task has a
target figure on the left and four stimulus figures on the right. Two of these
stimulus figures are rotated versions of the target figure and two of the stimulus
figures cannot be matched to the target figure. The aim is to mentally rotate the
figures around the vertical axis to find the two correct rotated versions of the
target figure. One point is given if both of the stimulus figures that match the
target figure are identified correctly. No point is given for a single correct answer.
This means that the maximum score obtainable is 24 points. Participants were
given four minutes to complete the first set of 12 problem tasks, followed by a
one-minute break before completing the second set of 12 problem tasks in the next

four minutes.

B) The Group Embedded Figures Test (GEFT)****#

The GEFT was designed to provide an adaptation of the original individually
administered Embedded Figures Test (EFT), which would make possible group
testing. The GEFT has been modeled as closely as possible on the individually
administered EFT with respect to mode of presentation and format. It contains 18
complex figures, 17 out of which were taken from the EFT. The aim is to find a

previously seen simple figure within a larger complex figure, which has been
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structured in a way to obscure or embed the simple figure. The participants were
required to identify and outline accurately a simple shape embedded in a complex
figure. The participants were given 10 minutes to complete all of the 18 problems.
The score is the total number of simple forms correctly traced within a complex
figure. Omitted items are scored as incorrect. In order to receive the credit for an
item, all lines of the simple form must be traced; the subject has added no extra
lines and all incorrect lines have been erased. In this way the maximum score a

subject could attain is 18.

C) Alice Heim Group Ability Test (AH4)'*°

The AH4 incorporate 2 parts. Part-1 consists of 65 questions that have a verbal or
numerical bias while Part-2 comprises of 65 questions, which have a
diagrammatic bias. Problems are in multiple-choice form, the number of proffered

answers in every case being five.

In our study we used AH4 to only assess diagrammatic bias in the form of spatial
reasoning skills, which is the ability to visualize, mentally rotate and manipulate
two-dimensional or three-dimensional shapes or patterns. As mentioned above the
test consists of 65 questions and the time limit for completing the test is 10
minutes, exclusive of the preliminary examples. One mark is scored for each

correct answer. Therefore the maximum score that could be achieved is 65.
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Blinding

Ultrasound-guided needling task assessors were not allowed to observe the

assessments of visuospatial ability. Data interpretation was also blinded. Participants

were also blinded to the study hypothesis and their test scores.

Primary outcome:

1.

2.

Total time to complete the psychomotor task of ‘gamers’ and ‘non — gamers’
Composite error scores (CES) of ‘gamers’ and ‘non — gamers’
Global rating scale (GRS) of ‘gamers’ and ‘non — gamers’

Visuospatial tests scores of ‘gamers’ and ‘non — gamers’

Secondary outcome:

1.

Correlation between tests of psychomotor and visuospatial abilities

respectively

2. Reliability of the CES and GRS
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Statistical Analysis

The statistical analysis was performed using STATA/IC version 10.0 (StataCorp,
Texas, USA). Descriptive statistics for demographic and outcome measure data were
calculated. Shapiro-Wilk and Skewness / Kurtosis tests were used to determine the

normality. CES data follow a non-normal distribution, therefore presented as median

(IQR).

Independent samples t-tests was used to compare the means of a normally distributed
outcome variable. The Wilcoxin-Mann-Whitney test analysed non-normally
distributed outcome variable. Linear regression analysis was used to assess the
significant relationships. Count data was analysed using negative binomial regression
model. Relationships between psychomotor and visuospatial abilities were examined
using Spearman’s rank correlation coefficient ‘p” (Rho). To achieve a study power of
0.8 (o = 0.05), we calculated that we would need to recruit 60 participants for this

model with an assumed moderate effect size'*® (r = 0.3 — 0.5).

Reliability of the assessment tools i.e. CES and GRS, was evaluated using Intra-class
correlation coefficient (ICC), Cronbach’s alpha coefficient and standard error of the
measurement as a percentage of the mean (SEM%).****" In all cases, we considered P

— values less than 0.05 (two-tailed) to indicate statistical significance.
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RESULTS

All the participants of the study completed each of the three elements of the study and
as a result there was no missing data. In total, 17 out of 60 participants played video
games (‘gamers’) [table 9] according to the criteria defined in the methods section.
The average age of ‘gamers’ and ‘non — gamers’ were 23.2 and 23.3 years

respectively. Other demographics of the participants are presented below in table 9.
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Table 9 Demographics

Participant Demographics

Gamers Non — Gamers
Total N (%) 17 (28.3) 43 (71.7)
Gender
Male (n, %) 14 (82.3) 16 (37.2)
Female (n, %) 3(17.6) 27 (62.8)
Age in years, Mean (SD) 23.2 (3.7) 23.3 (4.6)
Year of study in medical school*
Year 1 (n, %) 0 (0.0) 8 (18.6)
Year 2 (n, %) 8 (47.0) 13 (30.2)
Year 3 (n, %) 2 (11.8) 11 (25.6)
Year 4 (n, %) 3(17.7) 8 (18.6)
Year 5 (n, %) 1(5.9) 3(7.0)

* Year of study in medical school (Video Gamers only);
3 (17.6%) Missing values
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Psychomotor Ability

i) Time completion of the Psychomotor task
There was a significant difference between ‘gamers’ and ‘non — gamers’ in time to
complete the psychomotor task (P = 0.02) [table 10, figure 14], such that ‘gamers’

were approximately two minutes faster than ‘non — gamers’.

A linear regression model showed that videogame experience explained
significantly the variation in time completion of the psychomotor task (F1 s = 5.4,
P = 0.02). An inverse relationship was observed between videogame experience
and the time completion of the psychomotor task. The regression equation showed
that we would expect ‘gamers’ to finish the task by 1.98 minutes earlier than ‘non
— gamers’, i.e. ‘gamers’ had completed the psychomotor task quicker and faster as

compared to ‘non — gamers’.
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i) Accuracy (CES) of the Psychomotor task
A significant difference was found between ‘gamers’ and ‘non — gamers’ for CES

(P =0.04) [table 10, figure 15].

The negative binomial regression model for CES showed that videogame
experience explained significantly the variation in CES (P = 0.01). An inverse
relationship was seen between the videogame experience and CES. The regression
equation showed that ‘gamers’ made 0.65 fewer errors than ‘non — gamers’ i.e. the

accuracy of the psychomotor task was better for ‘gamers’ than ‘non — gamers’.
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Table 10 Psychomotor and Visuospatial ability assessment scores for *‘Non - Gamers' and ‘Gamers

Non - Gamers Gamers P-value Tests
Psychomotor Ability:
Time completion of the
psychomotor task in mins.
Median (IQR) 5.8 (3.9) 4.8 (3.1) 0.02 Mann-Whitney
CES Median (IQR) 6.0 (9) 3.0(7) 0.04 Mann-Whitney
GRS Mean (SD) 18.3 (5.4) 23.5 (6.0) 0.007 Mann-Whitney
Visuospatial Ability:
MRT Mean (SD) 12.8 (5.2) 16.9 (4.6) 0.006 Mann-Whitney
AH4 Median (IQR) 58 (12) 62 (3) 0.09 Mann-Whitney
GEFT Median (IQR) 17 (3) 17 (3) 0.7 Mann-Whitney

Mean and SD (standard deviation) used for continuous variables with a normal distribution and median and IQR
(Interquartile range) for continuous variables not normally distributed. Significance at P < 0.05. CES — Composite
Error Score; GRS — Global Rating Scale; MRT — Mental Rotation Test; AH4 — Alice Heim Group Ability Test;

GEFT — The Group Embedded Figures Test.




iii) Overall quality (GRS) of the Psychomotor Task

GRS was significantly higher for ‘gamers’ as compared to ‘non — gamers’ (P =
0.007) [table 10, figure 16].

A linear regression model was used to further explore the relationship. It showed
that videogame experience explained significantly the variation in the GRS (F, ss
= 10.37, P = 0.0021). A direct relationship was observed between videogame
experience and GRS. The regression equation shows that we would expect
‘gamers’ to increase the GRS by 5.17 unit when compared to ‘non — gamers’ i.e.
the overall quality of the psychomotor task performance was better in ‘gamers’

than ‘non — gamers’.
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Visuospatial Ability

MRT

The MRT scores were significantly higher for ‘gamers’ as compared to ‘non —
gamers’ (P = 0.006) [table 10, figure 17].

A linear regression model was used to examine the relationship. It showed that
videogame experience explained significantly the variation in the MRT score (Fy,
ss = 7.99, P = 0.006). A direct relationship was observed between videogame
experience and MRT. The regression equation showed that we would expect
‘gamers’ to increase the MRT scores by 4.09 unit when compared to ‘non —

gamers’.
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AH-4 & GEFT
No significant differences were found between ‘gamers’ and ‘non — gamers’ for
the AH-4 scores (P = 0.09) and the GEFT scores (P = 0.7) respectively [table 10,

figures 18 & 19].

Similarly the linear regression model also revealed no significant difference

between ‘gamers’ and ‘non — gamers’ for the AH-4 (F1, 53 = 3.87, P = 0.05) and

the GEFT (F1, 55 = 0.32, P = 0.573), respectively.
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Relationship between Psychomotor and Visuospatial Abilities

Of the three psychomotor abilities ‘time completion’ correlated significantly with
CES, GRS and MRT respectively (table 11). There was a positive correlation between
‘time completion’ versus CES (p +0.69, P <0.001) i.e. the participants who took more
time to complete the ultrasound-guided needling task made more errors. Similarly,
there was negative correlation between ‘time completion’ versus GRS (p —0.71, P
<0.001) and ‘time completion’ versus MRT (p —0.40, P =0.001) respectively i.e. the
participants who needed more time to complete the needling task scored less in GRS
and MRT tests. No significant correlation was found between ‘time completion’ and
remaining visuospatial abilities including AH-4 (p —0.07, P =0.56) and GEFT (p

—0.03, P =0.80) respectively.

There was negative correlation between CES versus GRS (p —0.78, P <0.001) and
CES versus MRT (p —0.54, P <0.001) respectively, signifying that higher error rate
was associated with low GRS and MRT scores. However, GRS had a linear
correlation with MRT (p +0.47, P <0.001), indicating that better overall quality of the

task performance is linked with enhanced MRT skKills.
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Table 11 Correlation (rho) ‘p’ between Psychomotor and Visuospatial ability

assessments

Significant relationships between Correlation ‘p’ (rho),
Psychomotor & Visuospatial abilities P - Value

Time to complete the needle task Vs CES p +0.69, P <0.001
Time to complete the needle task Vs GRS p—0.71, P <0.001
Time to complete the needle task Vs MRT p —0.40, P =0.001
CES Vs GRS p—0.78, P <0.001
CES Vs MRT p—0.54, P <0.001

GRS Vs MRT p +0.47, P <0.001

Spearman’s correlation coefficient (p) of Psychomotor and Visuospatial Abilities. Significance at P <

0.05. CES — Composite Error Score; GRS — Global Rating Scale; MRT — Mental Rotation Test.
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Reliability of CES and GRS

The intra-class correlation coefficient and SEM (%) for CES and GRS was 0.97
(15.29 %) and 0.91 (8.53 %) respectively; this demonstrates a high degree of inter-
rater agreement. Similarly, Cronbach’s alpha coefficient and SEM (%) for CES and
GRS was 0.98 (9.49 %) and 0.96 (5.69 %) respectively; this demonstrates a high

degree of inter-item consistency.
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DISCUSSION

In our study, ‘gamers’ performed significantly better than ‘non — gamers’ in the
psychomotor performance of an ultrasound-guided needle task. The ‘gamers’
constantly throughout the study required less time to complete the needle task. In
addition to this they also improved the overall quality and the accuracy of the
psychomotor performance of an ultrasound-guided needle task. It is the accuracy or in

other words decreased errors that will have the most important effect on patient safety.

This is a correlational study and therefore causality cannot be definitely concluded.
Some medical students may possibly have enhanced psychomotor abilities, which
predispose them to more dexterous activities including video games. Other medical
students may well merely love playing video games and as a result have a habit of
playing more often, therefore strengthening their motor skilfulness. Similarly, one
more hypothesis is that innate dexterous people will be engaged to video games,
because top scores will be more gratifying for them.?>> According to Miskry T et al.?*®
dexterous non-gamers have demonstrated improved success at a racing game than

their colleagues.

In addition, there may be other confounding variables, including interests in pastime
such as sports or music. The medical students in our study are novices to ultrasound-
guided regional anaesthesia; therefore the possible confounding factor of previous

experience in ultrasound-guided regional anaesthesia is removed.
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Hypothetically, there should be no impact of video gaming on visuospatial abilities
since they are regarded as innate and for that reason should remain unchanged. On the
other hand, our study contradicts with this theory. Out of the three visuospatial ability
assessments, mental rotation correlated significantly with video games practice.
‘Gamers’ scored higher in the MRT as compared to ‘non — gamers’. The change in
visuospatial abilities due to video games practice is further endorsed by the
literature.®®?** Green CS and Bavelier D?*® illustrated that video game practice
improves visual attention capacity and spatial distribution. Similarly, Li R et al.?*
confirmed that contrast sensitivity (the ability to detect small increments in shades of

gray on a uniform background) augments with video game practice.

It is essential to reflect about the visuospatial assessments we employed. Even though
all the assessments were validated tools, but they evaluated only certain elements of
innate abilities. For instance, the AH-4 test consists of two components, which can
assess both the verbal or numerical bias and diagrammatic bias respectively. We used
AH-4 for assessing spatial skills via diagrammatic bias only. However, not all these
elements may be applicable to UGRA skills. For that reason, it might be desirable to
carry out an analogous study with larger number of participants to explore this point

even more or to investigate diverse characteristics of innate abilities.

Video games have become an integral part of global culture. According to DFC
intelligence, which is a strategic market research and consulting firm, the global video
game industry will reach $100 billion by 2019.%%° Since they are practically low-
priced, handy and dependable thus it is reasonable to investigate the positive

advantages for training with video games. Video game play has been integrated into
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training by industries and organizations in which standard training scenarios are too
risky or costly. In fact, the United States military are previously using video games
such as Delta Force 2 (NovaLogic Inc, Calabasas, California) as part of their training
tactic.”®® Similarly the US army has also approved the popular violent video game
series Rainbow Six to train its special operations forces since it is a brilliant technique
to teach all the essential phases required to plan and carry out a successful special-
operations mission.?®” Hopefully as an analogy, medicine can tap into the training and

technology guidance of video games.

There is ample evidence available, which suggest that a positive correlation exists
between video gaming and generalised surgical ability including open, laparoscopic,

endoscopic and robotic surgery.?*®%

Prior studies have examined a potential relationship between video gaming and

laparoscopic skills using conventional training modules. Rosenberg BH et al.*™* i

n
their study found a significant correlation between video gaming and laparoscopic
tasks performed on pigs in a group of 11 students. Badurdeen S et al.>’? in their
retrospective cohort study assessed medical students and junior doctors with minimal
laparoscopic experience on Nintendo Wii games and laparoscopic simulator tasks.

They concluded that prior video game experience positively correlated with

laparoscopic scores.

The impact of video games on virtual reality laparoscopic simulator skills has also

201
l.

been investigated. Grantcharov TP et a were the first to explain a positive

relationship between video games experience and virtual reality laparoscopic
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simulator score. The study subjects with prior video game experience made
significantly less errors on the simulator, even after adjusting for sex and hand

dominance. In the same way, Rosser JC et al.**

confirmed that previous video gaming
practice of more than three hours per week correlated with considerable less errors
and quicker completion of a certified laparoscopic skills and suturing program for

surgeons.

An Irish study by Kennedy AM et al.?®** analysed the psychomotor, perceptual and
visuospatial skills of medical students. The outcome revealed that video gaming
illustrates a positive association with the psychomotor skills but failed to establish any
significant relationship with the perceptual and visuospatial skills respectively. There
was a considerable difference in scores between gamers and non — gamers, in terms of
time taken to complete the tasks and instrument path length scores (which is a

measure of the efficiency by which a target is reached).

Schlickum MK et al.?”® carried out the only randomized controlled trial on this topic
in which medical students were randomly assigned to play either a visuospatial video
game (the Half Life game) or a Chessmaster game for a period of five weeks until
then their laparoscopic simulator skills were compared to the control group. The
results revealed positive association between laparoscopic performance and self-
reported past video game experience. Both video games group performed

considerably better on the laparoscopic simulator.
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In another retrospective cohort study by Shane MD et al.?®> 11 medical students and
15 surgical residents were queried about their video games experience. Then they
were assessed on the number of trials necessary to achieve competency on a
laparoscopic simulator. Those participants who had video games experience of more
than three hours per week achieved competency in less time in contrast to the
participants with no experience of video games. Thus the amount of training duration
in terms of times and repetitions in order to achieve competency in basic skills
curriculum of the laparoscopic simulators reduces significantly with video games
experience. This was further endorsed via two analogous studies by Stefanidis D et

al.*®* and Hogle NJ et al.?” respectively.

Limitations are associated to any study and therefore needed explicit comment here.
This included lack of randomization, absence of a control group and choice of a single
institution rather than multiple centres. At present there is no standard criterion to
define “video game experience”. Similarly, there is no validated, model questionnaire
to record the “previous or current experience”. Rosser JC et al.?*® developed a scale
for their study to record ‘the amount of video game experience’ but did not publish it

for further public use.

Similarly, other studies employed absolutely diverse methods for documenting game
experience. This included total number of hours of game experience®’?, self-reported
by the participants as novice, expert and non-gamer®’®, or whether an individual had
an interest and merely ‘likes TV games’.?”® According to Van Dongen KW et al.””’
video games experience was classified as ‘an average playing time of at least 10 hours

per week’. The study did not succeed in accumulating a group of individuals who
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played 10 hours per week. On the contrary, the study participants who were the
interns played an average of only 1.9 hours per week. A good quality scale is the one,
which in addition to report the total hours of game play should also illustrate the
dispersion of these hours over a lifetime. The reason for this is that children have
more free time to play video games than students and working professionals. This

problem was resolved in a study by Schlickum MK et al.?"®

in which the participants
were allowed to score their game experience on a 7-point Likert scale (1 = never
playing, 7 = playing everyday) for current experience and between ages 1 to 6, 7 to 12
and 13 to 18, respectively. Therefore it is unfeasible to evaluate these different

methods on an equivalent status.

Simulators have already established their effectiveness in laparoscopy but they are
costly, mostly boring and not rapidly available. On the contrary video games are
economical, could be used for teaching and are chosen over lectures.?®?"® A spirit of
competition develops with other peers, which also increases the enthusiasm to
willingly join skills training.”®® Video games may possibly be a component of the
training program for basic laparoscopic skills in surgical novices.?®* According to the
literature video game exclusively intended to develop basic laparoscopic skills could
make virtual reality training cheaper and more enjoyable.?’%%"3%3%282 However, video
games can never be an alternative to true simulators and real operating room

experience.
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Due to broad and continued charm of video games, it seems logical to investigate their
positive effects for education, skill attainment, and maintenance. The results of this
study should encourage a discussion regarding how to incorporate video game play as
an adjunct to UGRA skills and hence reflect on using video games as another
educational tool in curricula suitable for individual trainees. In other words trainees
who have superior video gaming skills may possibly use games as one of the element
of their training programme, while those trainees who acquire little or no video
gaming skills can use other training modalities.?®* However, before implementing all

this a comprehensive preliminary evaluation of baseline skill is indispensable.?*

There is a correlation between video game experience and UGRA skills. However, the
predictive significance of these conclusions is unclear. The existing evidence is too
weak to absolutely determine the positive outcome of gaming in the improvement of
this expertise. Further research is essential to identify the role of video games on
UGRA skKills training and future trials should be more standardized and sufficiently

powered, so stronger evidence on this subject can be attained.
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Appendix 24

r The University of
Nottingham
University of Nottingham
School of Clinical Sciences
Division of Anaesthesia and Intensive Care
Queen’s Medical Centre
Derby Road
Nottingham
0115 8231009

Participant Information Sheet

The impact of video games on ultrasound-guided regional anaesthesia (UGRA) skills.

Researchers:
Dr. A Shafqgat, Dr. N Bedforth, Dr. R McCahon and Prof. J Hardman.

Invitation paragraph

You have been invited to take part in a research study. Before you decide whether to take
part it is important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it with
friends and relatives if you wish to. Ask us if there is anything that is not clear or if you
would like more information. Take time to decide whether you wish to take part or not. If
you decide to take part you may keep this leaflet. Thank you for reading this.

Background

Video games have become an integral part of global culture. In today’s society they are
regarded as one of the essential genre of leisure activity. Video games are renowned for
negative correlations associated with it. However, there are a number of positive benefits of
video games. For many years there has been an association between video games and
surgical aptitude. There is sufficient evidence available, which suggest that a positive
correlation exists between video gaming and surgical ability.

We aim to identify whether playing video games will predict psychomotor performance of
an ultrasound — guided needling task or could impact on tests of visuospatial ability and also
examine the correlation between these innate abilities.

What does the study involve?

The study will be conducted in the University department of Anaesthesia, Queen’s Medical
Centre Campus, Nottingham University Hospitals NHS Trust, U.K. It is an observational study
involving healthy medical students from the University of Nottingham. Potential volunteers
wishing to participate will be invited to attend and informed consent will be gained on the
day of the study, including consent for video recording.

Pagelof4
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Appendix 25

The study consists of three elements below:

Demographics Questionnaire

Age, Gender, Year of study in medical school,
Previous Experience of UGRA and Video Games
Experience.

Assessment of Psychomotor Ability

Ultrasound-guided psychomotor task performance
on a turkey-breast model and its assessment for;

1. Time completion of the task

2. Accuracy (CES)* of the task

3. Overall quality (GRS)** of the task
* Composite Error Score

** Global Rating Scale

Assessment of Visuospatial Ability

Visuospatial ability

Element 3 1. Mental Rotation Test (MRT-A)

2. Group Embedded Figures Test (GEFT)
3. Alice Heim Group Ability Test (AH4)

Assessment of the Ultrasound Task

Two anaesthetists, experienced in performing ultrasound-guided regional anaesthesia, will
assess the volunteer’s performance of the task independently. The video recording will only
be used for reference if there are any uncertainties concerning the volunteer’s
performance.

Page 2 0f 4
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Why have you been chosen?
You have been chosen because you are aged over 18 years, you are healthy, and you are
able to give informed consent to participate in this study.

Do you have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will
be given this information sheet to keep and be asked to sign a consent form. If you decide
to take part you are still free to withdraw at any time and without giving a reason.

What are the possible disadvantages and risks of taking part?

There are no known health issues associated with the use of ultrasound. Possible side
effects include accidental needle prick injury during handling. If you feel uncomfortable in
any way, you can stop at any time. You will also need to be able to spare a total of 150
minutes of your total time.

What if something goes wrong?
If you should have any complaints of any aspect of the study you should initially contact;

Professor Jonathan Hardman

University Department of Anaesthesia
Queens Medical Centre, Nottingham NG7 2UH
Telephone 0115 8231002

E-mail J.Hardman@nottingham.ac.uk

If you remain unhappy and wish to complain formally, please contact the secretary of the
University of Nottingham Medical School Research Ethics Committee, Mrs Louise Sabir, E-

mail address: louise.sabir@nottingham.ac.uk

In the unlikely event that you suffer injury to yourself or damage to your property as a result
in taking part in this research, the University does have an insurance policy to cover harm
arising as a result of the defect in the design of the study. In addition, all medical
practitioners taking part in the research have personal medical negligence cover.

Page 3 of 4
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Appendix 27

Will my taking part in this study be kept confidential?

All information, which is collected, about you during the course of the research will be kept
on a password protected database and is strictly confidential. Any information about you
that leaves the research unit will have your name and address removed so that you cannot
be recognised from it. All information generated by this study will be archived securely
within the University Division of Anaesthesia & Intensive Care, University of Nottingham and
destroyed 7 years after the study is completed.

What will happen to the results of the research study?

The results will be presented as a written project authored by Dr Atif Shafgat in completion
of his PhD. The findings of this study may also be presented at national or international
meetings and may be published in a medical journal.

Who is organising and funding the research?
The study is part of post-graduate research supported by The University of Nottingham.
There is no external funding.

Who has reviewed the study?
This study has been reviewed and approved by the University of Nottingham Medical School
Ethics Committee.

Contact for Further Information

Dr Atif Shafqat

PhD. Student University of Nottingham
University Department of Anaesthesia
Queens Medical Centre

Nottingham NG7 2UH

Email: msxas4@nottingham.ac.uk

Many thanks for your participation in this study.
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The University of

Nottingham

University of Nottingham

School of Clinical Sciences

Division of Anaesthesia and Intensive Care
Queen’s Medical Centre

Derby Road

Nottingham

0115 8231009

PARTICIPANT CONSENT FORM
The impact of video games on ultrasound-guided regional anaesthesia (UGRA) skills.

Name of Researchers:
Dr. A Shafqat, Dr. N Bedforth, Dr. R McCahon and Prof. ] Hardman.

Study Number:

Please write your initials in each box

1. | confirm that | have read and understand the information sheet (version number 1.0 dated
the 10™ June 2014) for the above study and have had the opportunity to ask questions.

2 | understand that my participation is voluntary and that | am free to withdraw at any time,
without giving any reason and without my legal rights being affected. | understand that
should | withdraw then the information collected so far cannot be erased and that
information may still be used in the project analysis.

3. | understand that all data collected in the study may be looked at by authorised individuals
from the University of Nottingham, the research group and regulatory authorities where it
is relevant to me taking part in this study. | give permission for these individuals to have
access to these records and to collect, store, analyse and publish information obtained from
my participation in this study. | understand that my personal details will be kept
confidential.

4, | understand and agree that | may be video-recorded during my participation in the study
and that this video recording will only be used for reference by the study investigators.

5: | agree to take part in the above study.
Name of Participant Date Signature
Name of Researcher Date Signature

When completed: - 1 copy for participant, 1 copy for researcher site file.
Participant Consent Form. Impact of video games on UGRA skills. University of Nottingham. Final Version 1.0

[]

[]
[]
[]
]

174



Appendix 29

The Impact of Video games on Ultrasound-Guided

Regional Anaesthesia (UGRA) skills.

Errors - Please tick each time an error is made
Needle advanced without visualisation of needle tip

Failure to identify the target

Failure to recognise orientation of probe with the image screen
Unintentional probe movement
Target malpositioned on screen, including incorrect depth selection
Attention focussed on hand and not image as needle advanced

Participant number

Study period

Total number of errors l:] Box A
Number of needle passes |:| Box B
Image quality scale (select one)
Scale Image gualily Description 0 Ideal
o Ideal
- - . 1 Good
2 Satisfactory
+  wWhole neacle sean 3 Poor
as contacted wal
1 Good
= Olive imaged well
ancugh to dafine al
aspectsorconenss || BoxC
+  Needla tip & pars o”
aha™ sean as
contacted wal
2 Saltisfactory
g Qlive visusl w20 o 8% .
wall was Composite Error Score
dencfiable
. dla tip sear s (Box A+ Box B + Box C)
contacted wal
3 poor

= Olive vl was arly

Time to perform task
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Appendix 30

The Impact of Video games on Ultrasound-Guided Regional Anaesthesia| Participant Number Study Period
(UGRA) skills.
Global Rating Scale for ultrasound-guided regional anaesthesia.
Please tick and score each of the 7 items below appropriately;
1 2 3 5
Preparation for procedure Did not organise equipment well Equipment generally organised. All equipment neatly organised,

Time and motion

Instrument handling

Flow of Procedure

ge quality

Knowledge of procedure

Overall performance

Has to stop procedure frequently
to prepare equipment.

[ 1
Many unnecessary moves.
[ 1

Repeatedly makes tentative or
awkward moves with instruments.

[ 1

Frequently stopped procedure
and seemed unsure of next move.

[ 1
Inadequate image. Target partially
visualised. Needle movement only
identifiable by tissue distortion.

[ 1
Deficient knowledge.

Very poor.

Occasionally has to stop and
prepare items.

[ 1

Efficient time/motion but some
unnecessary moves.
[ 1

Competent use of instruments
but occasionally appeared stiff
or awkward.

[ 1

Demonstrated some forward
planning with reasonable
progression of procedure.

[ 1

Good image. Most of target
visualised. Needle tip and part of
needle shaft visible.

[ 1
Knew all important steps of
procedure

[ 1

Competent.

prepared and ready for use.

[ 1

Clear economy of movement
and maximum efficiency.
[ 1

Fluid moves with instruments
and no awkwardness.

[ 1

Obviously planned course of
procedure with effortless flow
from one move to the next.

[ 1

Outstanding image. Unequivocal
image with complete structure
visualised. Whole of needle visible.
[ 1
Demonstrated familarity with all
aspects of procedure
[

Clearly superior.
[
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CONCLUSION

Among the various methods for assessment of procedural skills, this thesis attempts to
enlighten the most distinctive selection of techniques for assessing trainees, taking
into consideration the strengths and weaknesses of each method that is currently being

used in anaesthetic practice.

This thesis tries to filter out the methods that are being used in the field of anaesthesia.
For example logbooks or procedural lists are more appropriate for providing
information about any expected prospects within a training programme. As far as
psychometric or aptitude testing is concerned there seems negligible proof to endorse
its usage in anaesthesia. However, another method described as cusum analysis has
been found to conduct a robust statistical appraisal of procedural expertise. The only
downside with its usage is that it relies upon either self-reported performance or
repeated direct observations and may require large numbers of performances to
establish competency. Modern tools such as motion analysis systems may concentrate
on manual dexterity throughout the procedural tasks but needs further validation
before its implementation in the assessment of procedural skills in anesthesia can be

established.

Another interesting method described as patient simulation, is going through an
evolution phase in anaesthesia training programmes. This method however remains
controversial for evaluation, though predicted to be very informative if proved and

tested in likely future studies. The technical challenge is to develop and test simulators
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that are accurate enough and have an appropriate scope of challenges so that it could

be employed for high-stakes assessment.

Objective structured assessment of technical skills (OSATS) may become a significant
part of the future of procedural skills assessment in anaesthesia if appropriate part-task
simulators can be validated. However, currently there is not satisfactory evidence to
endorse that anaesthetic trainees are assessed in procedural skills using simulators,
particularly when these skills can be consistently evaluated by direct observation of

performance on patients.

According to the literature, the most valid, reliable and comprehensive assessment
tool for assessing the procedural skill in anaesthesia so far seems to be the checklists
and the global rating scale (GRS). There is even much more emphasis on the usage of
these tools in combination rather than used alone in the setting of medical educational
research and is therefore considered to be the gold standard. This thesis further
validates the proficiency of GRS and checklist when merged together to assess the

performances in various modes.

The objectives of our first study were to identify if visuospatial ability could predict
technical performance of an ultrasound — guided needle task by novice operators, and
also to describe how emotional state, intelligence and fear of failure could have
impact on this. This is important because service efficiencies, patient safety agenda
and the European working time regulations have all reduced clinical learning
opportunities in anaesthesia, which could compromise patient safety. One solution in

regional anaesthesia, would be to permit early, targeted training for anaesthetists who
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are predicted to perform poorly. Evidence revealed that visuospatial ability correlates

positively with novice performance of simple laparoscopic tasks.

We concluded that mental rotation test (MRT), which is one of the visuospatial
assessment predicted novice performance of an ultrasound-guided needling task on a
turkey-breast model, and as a trait measure could be used as a tool to focus training
resources on less able individuals. In addition this novice performance was adversely
affected by anxiety. Therefore both may prove useful in directing targeted training in
UGRA. Future studies are desirable to examine whether exclusive training could alter
visuospatial ability and thus improve skills acquirement in UGRA. In addition the

sensitivity and specificity of MRT, as a screening tool should be assessed.

In the second study we aimed to examine the construct validity and reliability of a new
assessment tool for the performance of ultrasound — guided regional anaesthesia, by
examining whether it can adequately differentiate between performance levels in
anaesthetists across the spectrum of expertise. The new tool, which was developed
using a modified Delphi method, consisted of a criterion — referenced checklist with
global rating scale to assess the performance of ultrasound — guided regional
anaesthesia. The authors had established high face validity and concurrent validity of
the assessment tool. However, they did not attempt to demonstrate the construct

validity and reliability of the assessment tool.

The ability to perform practical procedures safely and efficiently is of paramount
importance to the practice of anaesthesia. The concept is important because the last

two decades have borne witness to rapid developments in the practice of ultrasound —
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guided regional anaesthesia (UGRA). Many distinct national and international
regional anaesthesia societies have published a number of educational core
curriculums and structured training guidelines to teach and train these new skills in
clinical practice. However, the development of complementary assessment tools has
lagged behind. Therefore a method of evaluation is needed to ascertain the

competence of junior residents in performing the new skills.

Thus, the study concluded that the assessment tool was able to discriminate between
different levels of experience and expertise of anaesthetists in the performance of
ultrasound — guided regional anaesthesia. Further research will be necessary to assess

the effectiveness of this assessment tool in anaesthesia residency programmes.

The ambition of our third and final study was to explore whether playing video games
will predict psychomotor performance of an ultrasound — guided needling task or
could impact on tests of visuospatial ability and also examine the correlation between

these innate abilities.

Video games have become an integral part of global culture. In today’s society they
are regarded as one of the essential genre of leisure activity. Video games are
renowned for negative correlations associated with it. However, there are a number of
positive benefits of video games. For many years there has been an association
between video games and surgical aptitude. There is sufficient evidence available,
which suggest that a positive correlation exists between video gaming and generalised
surgical ability, including laparoscopic skills. The evidence suggest that gamers have

better laparoscopic skills and video games could be used as a cost — effective and fun
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way to train basic laparoscopic skills in surgical residents. However, to date within
regional anaesthesia none of the studies have evaluated the impact of video games on

UGRA skills.

The study concluded that ‘gamers’ performed significantly better than ‘non — gamers’,
and thus predicted the psychomotor performance of an ultrasound — guided needle
task. There is an association of video game experience with UGRA skills. However,
the predictive implication of these inferences is uncertain. Future trials should be more
consistent and adequately powered, so that stronger evidence on this topic can be

accomplished.
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FUTURE IMPLICATIONS

Ultrasound-guided regional anaesthesia (UGRA) involves manual dexterity, hand —

eye coordination, and sonographic interpretation. Expertise of these skills permits
physicians to keep neural targets and the needle in constant view while evading
neighbouring structures during block performance. There are three groups of learners:
those who have these skills, those who will get it with some practice, and those who
will always struggle. What if we could identify those who are destined to struggle
before they encounter their first patient and get them prepared with training and

simulated practice?®

We recognized that although the visuospatial (MRT) assessment may predict novice
performance on an ultrasound task but it does not specify at what score, performance
could be described as acceptable. It is exciting to reflect about how visuospatial
assessments may be used in the future to recognize learners who could benefit from
more supervision, additional practice, or even a diverse kind of learning experience.
An equivalent assessment could be employed following residency training to help
practicing anaesthesiologists recognize their proficiency level, their own areas of

strengths and weakness, thus facilitating them to target their own learning efforts.

There is a possibility that the educators will be able to design exclusive workshops

that fast-track the speed with which those learners with lesser visuospatial abilities are

capable of acquiring better skills.
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It is known that mental rotation skills’ training is associated with improved
performance of mental rotation tasks.?®® Furthermore, it has been shown that mental
rotation skills training transfers to improved novice performance of fundamental
laparoscopic skill tasks.”®” Our study group has demonstrated that mental rotation
ability correlated significantly with technical performance of an ultrasound-guided
needle task in undergraduates.?® However, the causal nature of this relationship is yet

to be elucidated.

Within the time and resource constraints of postgraduate medical training, it would be
advantageous to optimise expertise acquisition of practical skills with cheap, self-
directed educational intervention. Therefore as an implication strategy in a
subsequent study our immediate objective is to determine whether mental rotation
skills training is associated with improved performance of an ultrasound-guided
needle task. Our hypothesis is that improved mental rotation skills will translate to

better technical performance of an ultrasound-guided needle task.

The ability to actually measure the influence of stress and anxiety on performance is
somewhat new to anaesthesiology and is also very exciting. It would be fascinating to
assess learner stress levels as they practice and developed their technical skills and
eventually use this evidence to establish whether a degree of comfort can be achieved

through improved visuospatial skills or simulated practice.
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Training programs in medicine are becoming liable to different regulatory bodies to
make sure that physicians in training are objectively assessed for their skill

21
|9

acquirement. The validation of a criterion-referenced assessment tool“™ is a next step

towards achieving this goal.

The assessment tool could also be utilized in diagnosing the deficiencies in any
training program and in particular of any individual trainee who might need further
teaching and training. This may improve the way the trainees are being appraised and
recognize phases of training that needed further improvement. Later the same tool can
be used to record trainees’ progress. The assessment tool can also be utilized to
identify gaps in learning and provide objective feedback that will facilitate trainees to
improve their skill acquirement. The most important aspect of this assessment tool is

that it has the potential to be used for all types of UGRA procedures.

Future study is required to evaluate the efficacy of the assessment checklist and global
rating scale as training tools in anaesthesia residency programmes. In addition to that
these assessment tools when used in different programs should be further studied for
its learning outcomes and it’s feasibility for use in the form of feedbacks from

students and instructors.
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Simulators are effective in laparoscopic skill acquisition, but they are costly, and not
easily and readily available. On the contrary video games are economical, could be
used for teaching and are often chosen over lectures.””®?”® Due to the broad and
continued charm of video games, it seems logical to investigate and describe their

positive effects for education, skill acquisition and maintenance.

We have shown that video-gamers demonstrate enhanced mental rotation skills and
improved technical performance of a simple ultrasound-guided needle task; this may
imply that video game playing can be used as an adjunct to facilitate or accelerate
UGRA expertise acquisition. However, it would first be useful to define and quantify
what features of video game playing translate to improved UGRA technical
performance. In this way, we will be in a better position to develop video-game play,
which is specifically designed to enhance UGRA technical performance. As a first
step, we would like to confirm the findings of this observational study in a
randomized controlled trial of video game play in individuals with low baseline

assessments of UGRA task performance (CES, GRS).
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