Keele

UNIVERSITY

This work is protected by copyright and other intellectual property rights and
duplication or sale of all or part is not permitted, except that material may be
duplicated by you for research, private study, criticism/review or educational
purposes. Electronic or print copies are for your own personal, non-
commercial use and shall not be passed to any other individual. No quotation
may be published without proper acknowledgement. For any other use, or to
guote extensively from the work, permission must be obtained from the
copyright holder/s.



Clinical simulations using virtual
patient avatars for pre-registration
pharmacist training: a mixed
methods evaluation

Jessica Thompson

Keele
University

Thesis submitted to Keele University for the degree of Doctor
of Philosophy

June 2018



Abstract

Virtual patients (VPs) are routinely used in the training of medicine and nursing professionals but
uptake into pharmacy has been slower. The pharmacy pre-registration training year takes place in the
workplace and a disparity in the perceptions of support provided and the pre-registration
examination pass rates has been established between the training sectors. This programme of work
aimed to evaluate the effectiveness of virtual patients (VPs) at supporting pre-registration training

when compared to a non-interactive (NI) learning tool.

Following institutional ethical approval, a mixed methods approach was adopted to evaluate the VP
technology. A purposive sample of 165 pre-registration trainees (2014-2015) who were completing
their training in a UK-based community or hospital pharmacy were recruited. Participants were
randomly stratified to receive three VP or NI case studies. Knowledge surrounding the case studies
was assessed using a quasi-experimental evaluation and thoughts on the two learning tools were
obtained and compared via questionnaires and semi-structured telephone interviews. Quantitative
data was analysed using descriptive and inferential statistics and qualitative data was analysed using

content analysis (questionnaire) and framework analysis (interviews).

No significant differences in knowledge improvement between pre-registration trainees in the VP and
NI groups were obtained. Significant improvements in knowledge were found between the sectors of
training for the three case studies. Pre-registration trainees reported that the VP enabled them to
apply their learning and engage in experiential learning. The VP case studies were associated with
greater satisfaction and were reported to provide a more realistic, interactive and enjoyable learning
experience. Pre-registration trainee’s perspectives of the VP technology as a learning tool were more
favourable regarding the development of real-life complex skills and aspects of learning, which
provides a remit for further evaluation of the technology in undergraduate and postgraduate

pharmacy training.
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1. Introduction

1.1 Foreword

This thesis presents a mixed methods study of pre-registration pharmacist’s perspectives on the
usefulness and usability of interactive clinical avatars (ICAs) compared with a non-interactive learning

tool.

An overview of a pharmacist’s role is given in section 1.2 before a discussion of the skills that
pharmacists should possess in section 1.3. The education of undergraduate pharmacists and training
of postgraduate pharmacists is discussed in section 1.4. Pedagogy and the cycle of learning is
considered in section 1.5 before the use of e-learning in education is discussed in section 1.6 and the
history of simulation is discussed in section 1.6.1. The study is briefly introduced and the organisation

of the thesis outlined in section 1.7.

1.2 A Pharmacist’s Role

A pharmacist is “a person who is professionally qualified to prepare and dispense medicinal drugs”
(Oxford Dictionaries, 2017a). In recent years, the role of a pharmacist has progressed from purely
dispensing and compounding medicines to the integration of a more clinical and patient-centered
approach to care (DOH, 2003, 2005, 2008; RPS, 2015). Pharmacists primarily worked within
community or hospital sectors but new roles are rapidly emerging and becoming established (DOH,

2005, 2008; Smith et al., 2013; RPS, 2015; Barnes et al., 2017).

Integration within the overall healthcare team is now increasingly emphasised within the pharmacy

profession (DOH, 2008; NHS England, 2014a). Work sectors are also expanding with pharmacists now
1



having a greater role in GP practices in primary care; a change supported by government initiatives
(RPS, 2014; NHS England, 2016a). This is a welcomed advancement for the pharmacy profession as
their knowledge of medicines is essential to ensuring patient safety (Wagner, 2000; Hanlon et al.,

2004; DOH, 2008; Brown et al., 2014; NHS England, 2014a; RPS, 2015).

The education and training of undergraduate and post-graduate pharmacists needs to align with the
changing profession to ensure students are equipped with the necessary knowledge and skills when

entering practice (DOH, 2008; Guile and Ahamed, 2009; Smith and Darracott, 2011).

1.3 SKkills of Pharmacists

The World Health Organisation (1997) discussed the role of a pharmacist and the specific knowledge,
skills, attitudes and behaviours they should possess, and in doing so created ‘The Seven-Star
Pharmacist’. This concept was taken up by the International Pharmaceutical Federation in 2000 in its
policy statement on ‘Good Pharmacy Education Practice’ (FIP, 2000), insisting that pharmacists should
be: care-givers, decision-makers, communicators, leaders, managers, life-long learners and teachers.
As a result of the advancing career and requirement for evidence-based practice, a second WHO

report added that pharmacists should also possess researching skills (Wiedenmayer et al., 2006).

The American College of Clinical Pharmacy (ACCP) proposed that all pharmacists should become
‘clinical pharmacists’. A competent clinical pharmacist is one who holds the knowledge, skills and
attitudes to provide safe and effective patient-centered care and can ensure rational medication use
(Burke et al., 2008). This may also be considered appropriate for UK-based pharmacists because of
the advances in areas such as prescribing, service-based community practice, consultant pharmacists

and Multispecialty Community Providers (NHS England, 2014a).



Further competencies which pharmacists should possess have been suggested in the literature, with
Jungnickel et al. (2009) discussing self-directed learning, interprofessional collaboration and cultural
competence. The increasing interdisciplinary roles of pharmacists and the increasingly multicultural
nature of the United Kingdom (UK) may indicate these as worthwhile considerations for
competencies which pharmacists should possess (Office of National Statistics 2011). Understanding
the varying cultures of patients which may affect attitudes towards medicines or the effectiveness of

certain medicines themselves are potential areas where further support may benefit pharmacists.

Specific skills will be discussed below in sections 1.3.1 to 1.3.3. Section 1.4 will discuss the potential
issues with ensuring pharmacy graduates are able to meet these competencies before qualification.

The use of e-learning as a tool to aid competency development will be discussed in section 1.6.

1.3.1 Communication SKills

Pharmacists are an underutilised healthcare profession. There has been a push for patients to visit
their local community pharmacy to obtain advice and information on a wide range of conditions,
minor ailments and medications rather than visiting their general practitioners (GP’s) (DOH, 2005;
Porteous et al., 2006; Saramunee et al., 2012; NHS England, 2013; Paudyal et al., 2013; Anderson and
Thornley, 2014; Brown et al., 2014; Watson et al., 2015). This has been encouraged by NHS
campaigns such as ‘Stay Well This Winter’, ‘Choose the Right Service’ and the ‘Ask your Pharmacist’
full NPA Campaign (NHS, 2015, no date; NPA, 2016). Pharmacists may not be using the complete
range of skills and knowledge which they develop during their undergraduate and postgraduate

education and training; this push is hoping to utilise their expertise more fully.

The number of medicines available to the public without a prescription has increased, and will
continue to do so, which pharmacists need to be able to supply safely (Rutter et al., 2004; Watson

and Bond, 2004; Hanna and Hughes, 2012; Paudyal et al., 2014; Fingleton et al., 2016; RPS, 2016). The
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public need to have confidence in the pharmacy profession and, as stated in the GPhC ‘Standards for
Pharmacy Professionals’, pharmacists must provide patient-centered care and communicate
effectively (GPhC, 2017). The internet is a resource that is used by a large majority of patients and has
resulted in the creation of ‘expert patients’ (Hardey, 1999; Diaz et al., 2002; Henwood et al., 2003;
Fox et al., 2005; Scottish Health Council, 2011; Rozenblum and Bates, 2013; Ziebland et al., 2015). The
increased information available to patients has been identified as a barrier to the patient-centered,
collaborative relationships pharmacists wish to build (Hardey, 1999; Henwood et al., 2003; Fox et al.,
2005). This, along with a lack of patient understanding of the pharmacy profession, may have led to
an increased difficulty for pharmacists to interact with these expert patients as they believe they
know what medicine they require and prefer to purchase it without input from a pharmacist (Hardey,
1999; Henwood et al., 2003; Fox et al., 2005). Effective communication skills are key to ensuring safe
and effective practice and providing patients with the best care possible (Barber et al., 2003; Leonard
et al., 2004; DOH, 2005; Johnson, 2013; Jee, Schafheutle, et al., 2016b; van Eikenhorst et al., 2017).
The growing distribution of ethnic minorities entering the pharmacy profession has led to the GPhC
producing the document ‘Guidance on Evidence of English Language Skills’ and creating new
resources which could help improve communication skills may be beneficial (Willis et al., 2006;

Seston and Hassell, 2009, 2011; Hassell, 2012; GPhC, 2016a).

The literature surrounding pharmacist’s communication skills has established that their consultation
skils could be improved by becoming more patient-centered and thus potentially increasing
adherence to medication regimes and advice given (Hargie et al., 2000; Blom and Krass, 2011;
Greenhill et al., 2011; Jee, Grimes, et al., 2016). Pharmacists are confident when using the ‘WWHAM’
questioning technique but research has found that individuals may be too reliant on the formulaic
questions and fail to explore a full symptomatic history to ensure safe and effective treatment (Rutter
et al., 2004; Watson and Bond, 2004; Watson, Bond, et al., 2006; Watson et al., 2009; Inch et al.,

2017; van Eikenhorst et al., 2017). A ‘Which?’ report in 2013 established variation in the quality of
4



advice offered by pharmacies. Unsatisfactory advice was given on 43% of occasions; independent
pharmacies provided the worst advice and counter assistants gave significantly poorer advice than
pharmacists (Pearl, 2013). These results illustrated only a negligible improvement from the 2008
‘Which?’ investigation into the quality of community pharmacy advice, so it is implicit that there is
still a need for all pharmacies to meet high practice standards (Which?, 2008). Poor advice may be
elicited to a number of factors related to inadequate communication skills, for example incorrect or
insufficient questioning, lack of empathy or a lack of rapport building to obtain information (Hargie et
al., 2000; Maguire, 2002a, 2002b; Greenhill et al., 2011). The poor levels of advice noted in the
‘Which?’ reports may have led to a loss of confidence in the profession by the general public and

contributed to the underutilisation of pharmacies (Hargie et al., 2000).

Pharmacists also need to be competent and confident at interacting with other healthcare
professionals, especially with the increasing multi-disciplinary nature of pharmacists’ roles. The Joint
Commission for Hospital Accreditation revealed that communication failure may be the primary cause
of over 70% of patient safety incidents in the United States (Leonard et al., 2004). In the United
Kingdom, poor communication at handover has been identified as a particular area of risk and
accounted for approximately 33% of the 10,000 incidents reported to the National Reporting and
Learning System (NRLS) in 2014 (NHS England, 2014b). Standards have been produced to improve
communication between healthcare professionals and ultimately improve patient outcomes,
however these are only for patients upon discharge from hospital, and other areas of interdisciplinary
working may benefit from such standards (NHS England, 2016b). Research has found that pharmacy
students do not feel confident when interacting with professionals from other health disciplines,
which highlights this as an area for improvement in their education to ultimately reduce the
likelihood of patient harm and ensure effective transfer of patient care when in practice (Smith and
Darracott, 2011; Vyas, McCulloh, et al., 2012; Hagemeier et al., 2014; Agomo et al., 2016; Yu et al.,

2016).



1.3.2 Clinical Reasoning

The ‘Seven Star Pharmacist’ noted that pharmacists should be decision-makers (Wiedenmayer et al.,
2006). Whilst this remains an important competence, as the clinical role evolves, pharmacists need to
progress their skill level to clinical reasoning and not just simply ‘decision-making’ or ‘problem-
solving’. Clinical reasoning is a learnt skill which all healthcare professionals should possess to deliver
the highest standard of patient care (Levett-Jones et al., 2009; Kassirer, 2010). It has been defined as
“the process by which nurses (and other clinicians) collect cues, process the information, come to an
understanding of a patient, problem or situation, plan and implement interventions, evaluate
outcomes, and to reflect on and learn from the process” (Hoffman et al., 2009; Levett-Jones et al.,
2009). Clinical reasoning involves higher order thinking skills such as: gathering information, recalling
knowledge, reviewing information, interpreting, making inferences, predicting, analysing,
synthesising and evaluating; thus, involving both cognitive and reflective thinking (Hoffman et al.,

2010; Kassirer, 2010; Lapkin et al., 2010; Simmons, 2010; Vyas et al., 2011).

Critical patient incidents commonly occur as a result of poor clinical reasoning by healthcare
graduates (Del Bueno, 2005; New South Wales Department of Health, 2006; Aiken et al., 2011). Those
with inadequate clinical reasoning skills are less likely to notice patient deterioration compared to
those with effective clinical reasoning skills, which ultimately leads to poorer patient care (Kassirer,
2010; Lapkin et al., 2010; Levett-Jones et al., 2010). Thus, improving students’ clinical reasoning skills

may have a positive impact on patient care once qualified.

Pharmacy students may have less practical clinical experience compared with those in medicine and
nursing, which can lead to reduced clinical reasoning skills once qualified if one accepts the premise
that clinical reasoning skills are learnt (DOH, 2008). It has been established that traditional learning

techniques do not effectively facilitate the development of clinical reasoning skills, therefore



additional, novel educational tools may provide benefit (Del Bueno, 2005; Lapkin et al., 2010;

Forsberg et al., 2011).

1.3.3 Continuing Professional Development

WHO (2006) suggest that pharmacists should be ‘life-long learners’ (Wiedenmayer et al., 2006).
Pharmacists are required to undertake continuing professional development (CPD) to demonstrate
their commitment to delivering high quality care to patients (DOH, 1998; GPhC, 2011b). This involves
the continual reflection and expansion of knowledge, skills and attributes throughout their career
(GPhC, 2011b). Pharmacists’ engagement with CPD has been found to be limited and the importance
of CPD may need to be highlighted to a greater extent at an undergraduate level (Bell et al., 2001;

Attewell et al., 2005; Tunney and Bell, 2011).

Healthcare is constantly progressing and pharmacists need to keep up-to-date with changes to
medicines, the law and treatment guidelines to ensure patients are provided with the best care. For
pharmacists to be able to complete CPD successfully they must have the necessary skills for self-
directed learning; which should be taught and implemented during undergraduate education
(Jungnickel et al., 2009; Tunney and Bell, 2011). Knowles (1975) defined self-directed learning as “a
process in which individuals take the initiative, with or without the help of others, in diagnosing their
needs, formulating learning goals, identifying human and material resources for learning, choosing,
and implementing appropriate learning strategies and evaluating learning outcomes”. Undergraduate
and postgraduate pharmacists should be able to identify their learning needs and understand the
learning required to meet them (Mills et al., 2005; Tunney and Bell, 2011). Having a range of
accessible resources available for individuals to engage with self-directed learning may be beneficial

for their learning (McKimm et al., 2003).



1.4 Pharmacy Education

A four-year Master of Pharmacy (MPharm) degree at University and a fifth pre-registration training
year are required to become a pharmacist in the UK. Some Universities currently offer an integrated
five year course. There is a drive to encourage more Universities to offer this, due to the potential
benefits that the integration of theory and practice can have on learning (Reeves et al., 2002; llling et
al., 2008; Brazeau et al., 2009; Smith and Darracott, 2011; GPhC, 2015b). A licensing examination
must be successfully passed at the end of the five years for an individual to be registered with the
General Pharmaceutical Council (GPhC). The GPhC have created standards for the ‘Initial Education
and Training for Pharmacists’ (GPhC, 2011a) which contain educational outcomes that all pharmacy
students must be able to demonstrate by graduation. Individuals’ competence is primarily measured

by Miller's Triangle (Miller, 1990) which will be discussed in greater depth in section 1.4.1.

In April 2008, the Government published a White Paper entitled ‘Pharmacy in England: Building on
Strengths — Delivering the Future.’ The aim of this White Paper was to advance and improve the
pharmacy profession (DOH, 2008). One of the recommendations was to increase the amount of real
pharmacy experience for undergraduate students due to the substantial difference in the level of
clinical experience received by pharmacy students in comparison to other healthcare disciplines. A
report was created in response to the White Paper which identified current issues with the education
and training of undergraduate pharmacists and discussed improvements which could be made to
ensure students enter practice with sufficient knowledge and skills to work safely and effectively
(Guile and Ahamed, 2009). Both pharmacy students and pharmacy employers reported a deficit of
skills upon entering practice, particularly with the application of knowledge. Implicit in this is the
need for students to undertake standardised placements and have enough pharmacy practice
experiences to enable them to link learnt material with practice. This, however, may become more
difficult due to the increasing numbers of undergraduate pharmacy students and potential pharmacy

cuts. Alternative methods of teaching may be beneficial in helping to tackle the ‘theory-practice gap’
8



which has been identified (John et al., 2005; Whelan et al., 2007; Guile and Ahamed, 2009; Willis et

al., 2009; Langley and Aheer, 2010; Smith and Darracott, 2011).

1.4.1 The Pre-registration Training Year

Pre-registration training can be undertaken in many areas of the pharmacy profession (see Figure
1-1). Variation has been established in the experiences and support individual pre-registration
trainees have, and not all will enter practice with the same standard of knowledge and skills (Guile
and Ahamed, 2009; Blenkinsopp et al., 2013, 2015). This variation has been reflected in the disparity

of pre-registration exam results between community and hospital based trainees (GPhC, 2015a).

2,500
£,000
1.500 M Industry
Other community
1.000 ¥ Boots and Lloyds
M Hospital
500
1]

Figure 1-1 lllustrates the pre-registration trainee distribution in England 2009-2010.The
majority of trainees complete their training in the community-based sector, followed by
hospital and then industry. Image from Smith and Darracott (2011).

In addition to the initial standards for education, there are an additional set of outcomes set by the
GPhC which must be achieved during the pre-registration training year (GPhC, 2013). The assessment
of competence in pharmacist education is based on the theory shown by Miller’s Triangle (Figure 1-2).

Miller’s Triangle differentiates between having underpinning knowledge (knows), the competence to



apply that knowledge (knows how), the ability to demonstrate that knowledge (shows how) and one’s

performance or action in daily practice (does).

A
P shows how§

Knows how

Knows

Figure 1-2 Miller’s Triangle taken from the pre-registration manual 2013.

During undergraduate education and at baseline in pre-registration training, individuals may be at
different levels of Miller’s Triangle. Many will be at the ‘knows how’ level for applying knowledge,
some may have progressed to the ‘shows how’ level for certain competencies which may have been
developed through simulations or objective structured clinical examinations (OSCEs) and some
individuals may even be at the ‘does’ level if they have sufficient real-world pharmacy experience.
Throughout the pre-registration training year, students should progress up Miller’s Triangle to the

‘does’ level for the competencies set out in their training manual (GPhC, 2013).

The variation in pre-registration training can affect individual competence development. There may
be differences in exposure to certain situations which can affect the development and application of
knowledge and skills. For example, within the GPhC pre-registration training manual, one of the
performance standards states trainees should “respond appropriately to requests to dispense
prescription-only items without a prescription”. Individuals who complete their training in a hospital
may find it more difficult to show their competence for this standard at the ‘does’ level, as emergency
supplies are not routinely issued in a hospital setting. Similarly, those students who complete their

training in a community pharmacy may find it difficult to develop and reach the ‘does’ level of
10



competence at “constructing medication histories using a range of sources”; although with the
integration of Summary Care Records into community pharmacy this may become easier in the future

(NHS England, 2014a; PSNC, 2017).

The role of simulation in healthcare education and training will be discussed in Chapters 2 and 3 but
the range of learning tools encompassed in the term ‘simulation’ have been found to be effective for
individual progression to the ‘shows how’ level of competence. Considering the ‘theory-practice’ gap
which has been established in the literature, the problems with standardising placements and the
increasing numbers of pharmacy students entering University, simulation as a preparatory tool for
clinical practice or as a substitute when that experience is not available may provide benefits to the
training of pharmacists. The use of learning tools which engage and promote learning are of interest

to pedagogical researchers and will be discussed throughout this thesis.

1.5 Pedagogy and Learning

The term ‘pedagogy’ has been difficult to define amongst researchers and educators of different
disciplines, nations and backgrounds, however Watkins and Mortimore (1999) have broadly defined
pedagogy as “any conscious activity by one person designed to enhance learning in another”. It refers
to both the understood theory and the application of that theory to the practice of teaching which
encompasses all disciplines, forms of understanding and learning activities (Beetham and Sharpe,
2007). Although used interchangeably, the terms ‘learning’ and ‘education’ do differ from one
another. Education relates to the perspective of an educator that a specific activity which is intended
to produce a change in knowledge, skills or attitudes can actually produce a change. Learning is from
the perspective of the learner and implies a process by which knowledge is created or a change in

skills or attitudes is acquired (Knowles et al., 1998). Learning may not always take place as an
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educator assumes and, when creating or designing learning tools, it must be remembered that

learners may develop unexpected knowledge or skills.

There are various theories of learning established in the literature which should be considered in the
development of new learning tools. ‘Behaviourist theories’ relate to learning through reward or
punishment and have a more passive process of learning. ‘Cognitivist theories’ relate to the
acquisition, storage and organisation of knowledge and the ability of an individual to apply the same
knowledge to different situations, which includes both passive and active processes of learning.
‘Constructivist theories’ refer to a more learner-centred learning approach in which new learning
builds on top of existing knowledge (Knowles et al., 1998; Masters and Ellaway, 2008; Fry et al., 2009;

Harasim, 2012; Moseley and Whitton, 2012).

Whilst there is little evidence to show that learning in children and adults differ from one another
(Barr and Tagg, 1995; Cook, 2009; Fry et al., 2009), the development of learning theories has
expressed a disparity between the two (Knowles et al., 1998). One of the most widely used
constructivist theories of learning is Kolb’s Experiential Learning Theory (ELT) (Kolb, 1984). ELT is a
cyclical model of learning for adults consisting of four stages (Figure 1-3) which abides by the theory
that learning is a “process whereby knowledge is created through the transformation of experience”
(Kolb, 1984). The ELT is “a holistic integrative perspective on learning that combines experience,
perception, cognition and behavior”. Learning can be viewed as a continuous process grounded in
experience, within which previous learnt knowledge can and should change based on new

experiences (Kolb, 2015).

12



Concrete
Experience

, (doing / having an ‘
experience)
Active Reflective

Experimentation Observation
(planning / trying out (reviewing / reflecting
what you have learned) on the experience)

N Abstract I

Conceptualisation
(concluding / learning
from the experience)

Figure 1-3 Kolb’s Experiential Learning Cycle. Taken from McLeod, S. A. (2013).

In ELT, an individual is required to progress through the four stages of the cycle to declare that
effective learning has taken place; experiencing, reflecting, thinking, and acting. Individuals can begin
the cycle at any stage, but must complete the sequence to achieve a full cycle of learning. It is
important that users remember that learning outcomes may not match the learning objectives set by
educators, reinforcing the more learner-centered approach of the cycle (Kolb and Kolb, 2005). Ideally,
the experiential learning cycle should start with concrete experience, such that an individual must
actually have an experience to learn from it, to encourage active involvement in the learning process.
These experiences are the basis of observations and reflections which lead to the conceptualisation,
interpretation and understanding of relationships. The final stage is when the learner considers how
they are going to apply their learning and create new experiences (Kolb, 1984). Inherent in the
experiential view of learning is that learners are self-directed, able to take responsibility for their own

learning and able to reflect on their own practice; all of which are essential for the lifelong learning of
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healthcare professionals. The creation of resources which promote experiential learning may be

beneficial in the training of undergraduate and postgraduate pharmacists.

In addition to understanding the cycle of learning, it is also important to consider how individuals
learn to ascertain the correct instructional tools are created and provided. The notion of learning
styles is problematic as there are several categories of ‘styles’ (Fry et al., 2009). One of the most
influential models of learning styles is Kolb’s Learning Style Inventory (LSI) which suggests that
learners draw on their preferences for the different phases of the ELT (Kolb and Kolb, 2005).
However, although learners may have preferences, individuals should be encouraged to use a range

of learning styles and tools to enhance their learning to the greatest extent.

The four distinct learning styles Kolb describes are: converger, diverger, assimilator and
accommodator. The convergent learning style lies within ‘abstract conceptualisation’ and ‘active
experimentation’ and is associated with problem-solving, decision-making and application of
knowledge. The divergent learning style lies within ‘concrete experience’ and ‘reflective observation’
and these individuals tend to be more imaginative and are able to view situations from many
perspectives. Assimilators lie within ‘abstract conceptualisation’ and ‘reflective observation’ and
focus less on individual needs and more on ideas, concepts and logical arguments. Accommodators lie
within ‘concrete experience’ and ‘active experimentation’ indicating that they learn better from more
‘hands on’ experience (Kolb and Kolb, 2005). Research has evaluated the learning styles of
pharmacists and pharmacy students using the LSI, and has identified a proportion of individuals who
fit into each of the LSI categories (Austin, 2004; Williams et al., 2013). This substantiates the
requirement for a variety of learning tools and resources to be provided to pharmacy undergraduates

and postgraduates to assist with their learning and CPD.

Beetham and Sharpe (2007) explain that “learning is a set of personal and interpersonal activities,

deeply rooted in specific social and cultural contexts. When those contexts change, how people learn
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also changes”. The ‘information age’ is here and the technological advances have changed the
contexts in which people learn, leading to an increase in technology-enhanced learning, or e-learning
(Gordon, 2014). Learners are not the same as they were before the digital transformation, therefore a
re-evaluation and adaptation of teaching and assessments is required to meet their needs (Bryant,

2012).

1.6 Use of e-Learning in Education

The increasing use and availability of computers and technology in everyday life has, not surprisingly,
led to their use to support education (Cook, 2006; Masters and Ellaway, 2008). The advances in
technology has created a ‘digital native’ generation in which individuals are ‘native speakers’ of the
digital language of computers, video games and the Internet (Prensky, 2001). This is opposed to the
previous ‘digital immigrant’ era, where technology wasn’t as prevalent; individuals who grew up in
this time may be more confident using books to learn (Prensky, 2001). Learners are different now;
they are used to receiving information extremely quickly, they like to multi-task and seek to find the
best way to solve a problem using a multitude of resources (Prensky, 2001; Harasim, 2012). As such,

the way ‘digital natives’ are taught needs to adapt to meet their learning needs.

Technology-enhanced-learning (or e-Learning) has been described as “a web-based system that
makes information or knowledge available to users or learners and disregards time restrictions or
geographic proximity” (Sun et al., 2008). Another new method of learning is m-learning, which
describes mobile learning, and is becoming increasingly popular in medical education due to the
portability of mobile devices (Masters and Ellaway, 2008). E-learning encompasses many different
tools, including Virtual Learning Environments (VLEs), Learning Management Systems (LMS),
Content/Course Managing Systems (CMS), ePortfolios, eAssessments and synchronous or

asynchronous communication tools (McKimm et al., 2003; Ellaway and Masters, 2008). E-learning is
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primarily concerned with using computer technologies to foster a paradigm shift from teaching to
learning and supports specific pedagogic concepts, such as: flexible learning, blended learning,
personalised learning, gamification and asynchronous or synchronous learning networks (Barr and

Tagg, 1995; Vrasidas, 2004; Dabbagh, 2005; Bliuc et al., 2007; Fry et al., 2009; Gordon, 2014).

There has been an increase in the quality and quantity of distance learning programmes which utilise
e-learning because of the flexibility of learning that they provide (Bryant, 2012; Hammersley et al.,
2013). As well as students being from a digital native generation, the number of more mature
students is also increasing (NUS, 2012; Hammersley et al., 2013). Being able to access course material
remotely is of great benefit as it encourages users to take responsibility for their learning and
promotes individualised learning; both of which have been identified as features of effective learning
(Dabbagh, 2005; Sun et al., 2008; Fry et al., 2009). However, when e-learning is used alone, issues
may arise due to differences in individuals’ confidence or abilities in using technology. E-learning
needs to be accessible to all users and considerations need to be made for those with poor
information technology (IT) skills, as they may not engage in the learning process to the same extent.
Ensuring effective support and training for e-learning may help to reduce this potential issue. Another
potential solution would be for educators to implement a blended learning approach which combines
e-learning with other non-technological learning tools (Harasim, 2012). This maintains the flexibility
and individualised aspect of e-learning but may promote a greater sense of educator support and has
been established as an effective teaching approach for adult learners (Childs et al., 2005; Bliuc et al.,

2007; Harasim, 2012).

Blended learning has been used in ‘flipped classroom’ teaching, in which standard teaching is
replaced with e-learning (Hammersley et al., 2013; Gordon, 2014). Users are required to complete
this e-learning in their own time before face-to-face seminars, lectures or computer-mediated

discussions are held (Hammersley et al., 2013; Gordon, 2014). This allows the tutor-led sessions to be
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focused on particular issues, higher order questions and the integration of student-led problem based
learning (Hammersley et al., 2013; Gordon 2014). The effectiveness of this flipped classroom
technique has been evaluated with favourable effects on student’s critical thinking skills, student’s
knowledge and student satisfaction with learning (McLaughlin et al., 2014; Wong et al., 2014;

Moraros et al., 2015).

E-learning can be tailored for different pedagogical goals. For example, as Fowler and Mayes (1999)
discuss, primary learning tools may simply present information, secondary learning tools support
active learning and feedback, and tertiary learning tools support and promote the application of
learning. The current pedagogical design of most curricula applies the traditional model of knowledge
transmission of specific subject matter, whereas e-learning can promote the higher levels of learning
(Dabbagh, 2005; Bryant, 2012). Encouraging individuals to be at the centre of their learning process
may encourage self-reflection which is of upmost importance within pharmacy (Droege, 2003; Black

and Plowright, 2010; GPhC, 2011a; Williams et al., 2013).

The advent of the digital native generation of students and the benefits e-learning can offer provides
a rationale for the use of these tools in pharmacy education. The range of knowledge and skills which
pharmacists should possess have been discussed in detail throughout this chapter; creating resources
which provide experiential learning to meet a range of learning outcomes and the demand for

innovative learning tools is an area for further exploration.

A type of e-learning is simulation, although there are many different types of clinical simulation tools

and not all require a computer or IT (as will be discussed in Chapter 2).
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1.6.1 History of Simulation

Simulation has been defined as an “imitation of a situation or process” (Oxford Dictionaries, 2017b).
Essentially a simulation is something that is created to look, feel or behave like a real-life situation, in
which participants take on a specific role and work through a task or scenario which progresses based

on their decisions and performance (Ker and Bradley, 2010).

Simulation has primarily been used for skill-enhancement within professional training (Issenberg et
al., 1999; Bradley, 2006; Rosen, 2008). A major development in the area of simulation was the
production of the ‘Link Trainer’ in 1929, which was used to train Royal Air Force (RAF) pilots in World
War Il. It consisted of an imitation cockpit which allowed pilots to practice flying in a safe
environment (Taylor and Walford, 1972). Throughout the 1930’s, Armed Forces from around the
world began purchasing these trainers to improve the training of their pilots and in 1955, civil aviation
began using simulation training methods (Page, 2000; Rosen, 2008). The Federal Aviation
Administration determined that pilots should use these simulators as a recertification method to
maintain their pilot licenses due to their effectiveness at enhancing skills (Page, 2000; Bradley, 2006;
Issenberg et al., 1999). Use of simulation in the Armed Forces has continued to develop at a steady
pace, with its use becoming increasingly widespread. At present, war simulations are an essential part

of the training of soldiers in most armies throughout the world (Tansey and Unwin, 1969).

Another important milestone in simulation occurred in 1960 by The National Aeronautics and Space
Administration (NASA). Simulators were created for NASA astronauts to experience different events
and incidents which they may be faced with during a flight, to enable them to practice how they

would respond (Rosen, 2008; Bradley, 2006).

In addition to the high-risk professions discussed above, simulations are also widely used in the
training of business and management personnel and as an educational tool for child and adult
learners. In academia, the most common use of simulation (other than healthcare) is in the education
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of social sciences and the preparation of trainee teachers (Taylor and Walford, 1972). One of the
benefits of simulation is the ability for users to develop knowledge and skills in a safe, controlled
environment, which is important for the high-risk professions or where practical, real-world
experience may be limited. The uses and benefits of clinical simulation in the training of

undergraduate and postgraduate healthcare professionals will be explored throughout this thesis.

1.7 Introduction to the Study and Organisation of the Thesis

The premise of this study was to evaluate the usefulness of ICAs at enhancing learning during the pre-

registration training year.

The literature surrounding simulation in healthcare education and the various virtual patient tools
available are discussed in Chapter 2. A systematic, narrative review of the literature evaluating virtual
patients in pharmacy education is presented in Chapter 3. A mixed method study design was used
which incorporated both quantitative and qualitative data collection tools; the theoretical reasoning
for the chosen methodology and the methods relating to the research are discussed in Chapter 4 and
Chapter 5, respectively. Initially, a pilot study was conducted to test and finalise the study design and
data collection instruments; the methods and results of this are provided in Chapter 6. The statistical
results obtained from the quasi-experiment are displayed and discussed in Chapter 7. Chapter 8
presents and discusses the quantitative and qualitative results from the questionnaire. The qualitative
interview results are reported and discussed in Chapter 9, including reflexive issues. All results are
triangulated and discussed in relation to the literature in Chapter 10, where the strengths and

limitations of the study and the implications of the study including future work are also discussed.
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2. Literature Review - An Overview of Simulation use
in Healthcare

2.1 Introduction

This chapter presents a review of the literature surrounding the use of simulation in healthcare
education and training. A full narrative synthesis of the literature relating to virtual patient use in

pharmacy is provided in Chapter 3.

The chapter begins with a discussion of the literature search in section 2.2, including the aim of the
review (section 2.2.1), the search strategy (2.2.2), the eligibility criteria for study inclusion (section
2.2.3) and the appraisal of the literature (section 2.2.4). A classification of the simulation tools used in
healthcare education and training is then provided in section 2.3. These tools are then discussed in
turn; section 2.4 discusses standardised and simulated patients, section 2.5 discusses human-patient
simulation and section 2.6 discusses computer-aided instruction. Virtual patients are introduced in
section 2.7; their typology is presented in section 2.7.1 and their design is presented in 2.7.2. The
literature surrounding virtual patient use in medicine and nursing is reviewed in section 2.7.3.
Considerations of clinical simulation are then discussed in section 2.8, starting with the benefits
(section 2.8.1), the limitations (section 2.8.2) and the current integration of simulation in healthcare

education and training (section 2.8.3). A Chapter is summarised in section 2.9.
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2.2 Literature Review: Background

2.2.1 Aim

The aim of the literature review was to identify the range of literature and define the different types

of clinical simulation and their uses in healthcare education and training.

2.2.2 Search Strategy

A literature search was performed in September 2013 and repeated at regular intervals throughout
the duration of the PhD (until December 2017) to identify appropriate literature. A number of
electronic databases appropriate for locating articles on clinical simulation were searched (see Table
2-1). Both recent, up-to-date literature and historical work was sought and considered for inclusion in

the literature review.

Electronic Databases Searched in the Literature Review
Web of Science (1960 — 2017)
PubMed (1960 — 2017)
MedLine (1960 —2017)
Science Direct (1960 —2017)
BioMed Central (1960 — 2017)
Cumulative Index to Nursing and Allied Health (CINAHL) (1960 — 2017)
Google Scholar (1960 - 2017)
Table 2-1 Electronic databases and their associated dates for literature searching.

The search strategy involved using keywords in combination with Boolean operators (e.g. AND, OR,
NOT) to search the electronic databases. The keywords included: ‘simulation’, ‘simulate’, ‘education’,
‘training’, ‘learning’, ‘pharmacy’, ‘medicine’, ‘nursing’, ‘healthcare’, ‘technology’, ‘computer’, ‘e-
learning’. Thesaurus or MeSH terms were used within databases to help expand the search strategy.
Truncation was used to search for all terms which belonged to a particular string of letters (e.g. using

the word ‘simulat*’ to find ‘simulation’, ‘simulate’, ‘simulators’).
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In addition to searching the above electronic databases, the archives of particularly relevant journals
were accessed and searched directly. These included: Pharmacy Education, American Journal of
Pharmaceutical Education and The Pharmaceutical Journal. Literature obtained from these search
strategies allowed for ‘snowballing’ of other, relevant literature from their bibliographies (Greenhalgh
and Peacock, 2005). In addition, books which related to simulation or technology and learning were
identified via the Keele University library search function and included in the review (Keele University,
no date). Grey literature was identified from Government and regulatory bodies (e.g. Department of

Health and The General Pharmaceutical Council).

Initially, the literature surrounding the use of virtual patients in pharmacy education and training was
searched. There were few recorded uses of virtual patients in pharmacy, thus a systematic approach
to the review of this literature was adopted; the results of which are presented in Chapter 3. As a
result, the search strategy for this general review was expanded to include the use of virtual patients
in the education and training of all healthcare professions. This identified that the term ‘virtual
patient’ was used for a wide variety of tools (see section 2.7.1). Few studies reported generalisable
evidence of the pedagogical benefits of virtual patients which led to a more inclusive search of the
literature relating to technology-enhanced learning and clinical simulation, as research in these fields

had shaped that of virtual patient simulation.

2.2.3 Inclusion and Exclusion Criteria

Wide inclusion criteria were employed during the early stages of the literature review due to the
variety of keywords, healthcare professions and uses of simulation. This allowed for a wide range of
literature to be retrieved and reduced the potential of missing relevant literature. As this produced
more ‘hits’ during the literature search, titles and abstracts of potential literature were briefly

appraised to determine those which were relevant; full papers were examined where required.
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Papers which related to simulation in areas other than healthcare education and training were

excluded because of the differences in uses and outcome measures.

Searches included the keywords presented in section 2.2.2 and were limited to include only articles in
the English language. Date limitations were also applied, particularly in the latter stages of the
research, to ensure the most recent literature was identified. Short conference abstracts (less than
one page), conference proceedings without full-text available online, conference presentations or

posters and articles where no full text was available were not included in the review.

2.2.4 Literature Appraisal

A great breadth of literature was identified, so in line with the principles laid out by Bryman (2012),
relating to the variety of methods used in the literature, an exhaustive coverage of all literature
associated with simulation in healthcare education and training was deemed beyond the scope of this
research. The literature review revealed more research relating to simulation use in other healthcare
professions, particularly medicine and nursing, rather than in pharmacy. As this was relevant and
could serve to inform the benefits and disadvantages associated with the implementation of

computer-based simulation as a training tool, these papers were included in the review.

A critical approach to appraising the literature was adopted, but a systematic review was not
conducted in relation to the use of simulation and technology-enhanced learning in healthcare
education and training. An in-depth appraisal of all the literature regarding clinical simulation in
healthcare was not the aim of the literature review, instead an overview of the main tools, their uses

and outcomes was sought; thus a systematic review was not required.
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A literature referencing library was created using Mendeley®. This was updated continuously
throughout the duration of the PhD and duplicates were removed periodically. Literature was

categorised based on the type of clinical simulation and the professional area.

The findings from the literature review are discussed in the following sections: classification of clinical
simulation (section 2.3), standardised and simulated patients (section 2.4), human-patient simulation

(section 2.5), computer-aided instruction (section 2.6) and virtual patients (section 2.7).

2.3 Classification of Clinical Simulation

Simulation in healthcare has been defined as:

“..a technique, not a technology, to replace or amplify real experiences with guided
experiences, often immersive in nature, that evoke or replicate substantial aspects of

the real world in a fully interactive fashion” (Gaba, 2004).

The term ‘simulation’ encompasses a variety of tools which can be classified in a number of ways; the
most common is based on the fidelity of the tools. Fidelity refers to “the degree of exactness with
which something is copied or reproduced” (Oxford Dictionaries, 2017c) and thus refers to the
accurate, real-life portrayal of the simulation. Simulation can be split into three categories on the

basis of fidelity:

1. Low fidelity — part-task trainers, non-computerised simulation
2. Medium fidelity - standardised patients, computer programs, video games, human-patient
simulation

3. High fidelity — virtual reality, computerised human-patient simulation
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(Seropian et al., 2004; Bradley, 2006; AAMC, 2007; Scalese et al., 2007; Harder, 2010; Ker and

Bradley, 2010).

Although simulations can be categorised, it is possible for a simulation to span the range of fidelity
based on factors including: the creation of the tool, the utility of the tool and expected learning
outcomes (Seropian et al., 2004). Within healthcare the optimum simulation attempts to achieve a
high enough fidelity to convince users they are, in fact, using something that resembles what they
would encounter in real life but should not be too realistic and fall into the ‘Uncanny Valley’ (Mori,
2012). This hypothesis suggests that objects which portray human characteristics are viewed
positively, up to a certain point when the degree of visual similarity to real humans becomes
unsettling and triggers negative thoughts (Macdorman et al., 2009; Cheetham et al., 2003; Lay et al.,
2016). Thus, clinical simulations should mimic the clinical environment and allow the learner to apply
cognitive, affective, and psychomotor skills in a realistic scenario, without inducing negative
emotions. All types and fidelities of simulation are effective learning tools; the type of simulation
required will ultimately depend on the intended learning outcomes (Seropian et al., 2004).
Throughout the literature, there is variability in the depth of descriptions provided regarding
simulation tools, thus it can be difficult to determine study quality and understand the predictors of

simulation which lead to effective learning.

A systematic review carried out by Issenberg et al. (2005) identified ten features of high-fidelity
medical simulations that lead to effective learning: feedback, repetitive practice, curriculum
integration, range of difficulties, multiple learning strategies, clinical variation, controlled
environment, individualised learning, defined outcomes, simulator validity or authenticity.
Throughout this thesis, the effectiveness of the various simulation tools will be discussed in relation

to these ten features.
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The definitions of the different simulation tools vary but those most commonly implemented in
healthcare education and training can be classified as: standardised or simulated patients, human-
patient simulators, computer-aided instructions and virtual patients (Gaba, 2004; Seropian et al.,
2004; Bradley, 2006; AAMC, 2007; Rosen, 2008; Rosen et al., 2009; Chapman, 2012). Each of these

will be discussed in turn below.

2.4 Standardised and Simulated Patients

Standardised patients can either be actors playing the role of a patient, or they can be real patients
who have been trained to present specific emotional, verbal and behavioural responses (Barrows,

1993; Adamo, 2003).

The process of using standardised patients in education began in 1963 (Barrows, 1993), but they
were considered expensive and unrealistic due to their inability to portray abnormal physiological
signs or symptoms, thus were not utilised as fully as expected (Rosen, 2008). They have since become
commonplace, especially in healthcare professions education as the benefits have been found to
outweigh the limitations. Standardised patients offer the benefit of ‘real-human’ interaction which
may be essential for the development of affective skills which are integral to all healthcare
professions, such as communication or consultation skills (Lust and Moore, 2006). Standardised
patients provide a safe environment for students to practice and develop their affective skills and
knowledge before transitioning to real patients, which can only be beneficial to improve their
confidence and competence (Barrows, 1993; Schultz and Marks, 2007; Ker and Bradley, 2010;

Basheti, 2014).

Standardised patients have been found to ensure consistency for specific learning outcomes (Adamo,
2003). They are required to adopt certain behaviours or characteristics to provide standardisation of

a learning experience (Barrows, 1993). Standardised patients are different to simulated patients
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which refer to individuals involved in a medical simulation that is conducted purely for educational
purposes, during which, the ‘patients’ may act and respond as they would do during any real-life
consultation; thus there is less standardisation of the learning experience (Adamo, 2003; Ziv et al.,
2005). Simulated patients (SPs) are also a useful training tool as they provide ‘real human’ benefit,
which other types of simulation may not. The terms ‘standardised patients’ and ‘simulated patients’
are used interchangeably within the literature, which can make it difficult to ascertain where both
tools are best placed to be used in education, but these two types of simulation do differ and should
be recognised as such! (Wallace et al., 2002; Adamo, 2003; Wind et al., 2004; Ker and Bradley, 2010).
Both have been identified as useful educational simulation tools and it may be appropriate to ‘mix
and match’ between the two to allow students to meet different learning or assessment outcomes.
They could also be used in different stages of education, for example, standardised patients could be
used in lower years to develop students’ communication skills and confidence and the integration of
simulated patients could come when students are more confident and able to deal with more

unpredictable consultations.

Simulated patients may be preferred over standardised patients in healthcare education “due to the
authenticity of role play and the quality of feedback [which] take precedence over uniformity and
consistency of role play” (Wind et al., 2004). Authenticity has been established as one of the factors
of high-fidelity medical simulations that lead to effective learning (Issenberg et al., 2005). SPs are
used in the training of medics and nurses all over the world and their reliability, validity and feasibility
have been confirmed in several studies, however this may have led to a reduction in more current,
up-to-date literature evaluating their usefulness. With the growing pool of more interactive forms of
simulation, it may be appropriate for researchers to evaluate current students’ perspectives of SPs

with or without a comparison to other forms of simulation (Wallace et al., 2002; Adamo, 2003; Wind

! For the purpose of this review, the abbreviation ‘SP’ will be used when referring to either standardised or
simulated patients.
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et al., 2004; McGaghie et al., 2010). SPs have also been studied in pharmacy education, but to a lesser
extent, which may be due to the perceived less clinical nature of pharmacists. However, with the
increasing clinical aspect of a pharmacist’s role and focus on consultation skills, SPs are a prime tool
for training pharmacy students to improve their confidence and competence before qualification. A
large proportion of SP literature, like all simulation literature, has focused on their effectiveness and
usability with emphasis on student satisfaction (reported by questionnaires or interviews). These are
suitable methods of data collection, but are associated with limitations, including bias,
misunderstanding of questions or the Hawthorne effect. When assessing an educational intervention
which is a core part of a curriculum, there is the risk of students responding in a positive way or how
they anticipate they should, which can therefore affect the reliability and validity of results obtained.
These methods of data collection also don’t allow for the actual effectiveness of SPs in the
development of knowledge or skills to be evaluated and, as such, more formal checklists of

competence could be used.

SPs are played by human beings, and as such, there is a risk of variation due to fatigue, memorisation
and bias (Austin et al., 2006; Lurie et al., 2008; Schwartzman et al., 2011). Wind et al. (2004) created
an instrument to evaluate the quality of SP performances and provide more rigour when SPs are used
(especially in assessments), however there has been little discussion regarding utilisation of this tool
in the literature. The authors found that simulation authenticity and SP feedback were the two most
important components of a high-quality SP interaction. These findings have also been noted by
Issenberg et al. (2005) as important factors of high-fidelity medical simulation that lead to effective
learning. The literature has specified that the majority of SP consultations end with the provision of

individualised feedback to the students, which can therefore aid their learning.

SPs require organisation by faculty members and the cost associated with their use and the time

required to train the SPs themselves and the associated assessors have been identified as barriers to
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their use (Barrows, 1993; Hubal et al., 2000; Ker and Bradley, 2010). SPs may provide benefits when
used in addition to, and not instead of, real-patients as they offer a complementary learning
experience for students (Chapman, 2012). There have been few instances where SPs have been
evaluated against another learning tool, however those studies which have included this as an
outcome have found little difference regarding knowledge or skill development, but have identified
that users respond with greater empathy towards the SPs (Cook and Triola, 2009). Thus, there are
benefits for different simulation tools to be used in combination depending on the intended learning
outcomes. Over the past few decades, the use of standardised and simulated patients in education
has become utilised to such an extent that they are now often included in undergraduate exams and
licensing examinations of healthcare professionals, as well as postgraduate performance reviews, but
complete utilisation may be limited by the factors discussed above (Adamo, 2003; Munoz et al., 2005;

Austin et al., 2006; Watson, Norris, et al., 2006; Rosen, 2008; Mesquita et al., 2010).

2.5 Human-Patient Simulation

Human-patient simulation (HPS) includes the use of mannequins or part-task trainers to simulate

patient care experiences (Gaba, 2004; AAMC, 2007; Rosen, 2008; Ker and Bradley, 2010).

Part-task trainers can be anatomical models of specific human body parts in their normal or diseased
states or surgical task trainers which simulate specific surgical procedures (Gaba, 2004; Bradley, 2006;
Scalese et al., 2007). They include those technologies that replicate a portion of a complete process
or system. They are designed for students to practice and perfect specific technical, procedural or
psychomotor skills, so when faced with a real patient they are competent and confident at
completing the task (Bradley, 2006; Ker and Bradley, 2010). Part-task trainers are routinely used and
are associated with high satisfaction scores for the development of basic skills, such as catheterisation

or venepuncture, and more complicated surgical and diagnostic skills which may be difficult to attain
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through traditional learning, placements or initial practice (Rosen et al., 2009; Ker and Bradley, 2010).
However, their use is limited, as more difficult practical skills or ‘affective’ skills cannot be developed
via the use of part-task trainers, thus educational centres would have to invest in additional

simulation tools for individuals’ more rounded development.

A second HPS tool is mannequins. These are anatomical models of the human body which can vary in
their fidelity based on the model used and the associated technology (Cooper and Taqueti, 2004;
Seropian et al., 2004; Bradley, 2006; Lapkin et al., 2010). They can be non-responsive, voiced by an
individual or able to portray specific physiological signs and symptoms; all have been successful at
developing skills, knowledge and are associated with high user satisfaction (Cooper and Taqueti,
2004; Seropian et al., 2004; Rosen, 2008). The fidelity of mannequins can affect the realism of a
simulation and ultimately students’ skill development, with those that are higher-fidelity being
reported as more realistic and thus more effective at skill development. They are also likely to be
more expensive and may require increased staff or student training to use, therefore institutions
would have to weigh up the costs:benefits to make an informed decision regarding students’ training

needs and therefore the most appropriate simulation tool (Seropian et al., 2004; Lapkin et al., 2010).

The literature search revealed that mannequin simulations were not a new concept in medical
education. They were first used in the 1500’s when Hieronymus Fabricius described a mannequin
used to teach the reduction of joint dislocations (Cooper and Taqueti, 2004). The first latter day
mannequin in widespread use was Resuci-Anne, a low-fidelity mannequin developed in 1960 by
Asmund Laerdal for medical students to practice cardiopulmonary resuscitation (CPR). Resuci-Anne
has been established as a successful teaching tool that it is currently used in the training of a wide
range of healthcare professions and general first aid training (Cooper and Taqueti, 2004; Bradley,

2006; Fritz et al., 2008; Rosen, 2008). It has been associated with measurable improvements in
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students’ performance and high satisfaction of use; both of which are important considerations when

evaluating learning tools.

Despite Resuci-Anne’s success, developments continued in HPS and the first computer-controlled full-
body mannequin (Sim One) was created in 1967 (Cooper and Taqueti, 2004; Bradley, 2006; Fritz et al.,
2008). Although research using this mannequin to augment anaesthetic training showed a trend
toward faster skill acquisition and subjective performance improvement, the mannequin itself was
not widely accepted as the associated costs were too expensive for many educators (Cooper and
Taqueti, 2004; Bradley, 2006; Fritz et al., 2008). This started the movement for the development of
other higher fidelity mannequins which were able to portray physiological signs and symptoms that
may be beneficial for the training of healthcare professions (Cooper and Taqueti, 2004; Bradley, 2006;

Fritz et al., 2008; Rosen, 2008).

The first human mannequin simulation course was offered to medical students in 1994 (Seybert et al.,
2006). Mannequins in medical education primarily focused on anaesthesiology training but over the
last decade they have begun to be introduced into other disciplines including trauma, paediatrics and
emergency medicine; as well as nursing and pharmacy to a lesser extent (Schwid, 2000; Gordon et al.,
2001; Holcomb et al., 2002; Seybert et al., 2006; Fritz et al., 2008; Hunt et al., 2008; Bray et al., 2011;
Crea, 2011; Reape et al., 2011; Branch, 2013). Both students and educators have been positive
towards the use of mannequins in healthcare education and believe they should be utilised more
thoroughly (Weller, 2004; Seybert et al., 2006; Lapkin et al., 2010; Reape et al., 2011; Branch, 2013;
Smithburger et al., 2013). Similarly to SPs, a large majority of the literature has utilised self-reporting
techniques which limit the reliability and validity of results, especially due to the limited discussion or
use of validated data collection instruments (see Chapter 5 for further discussion). As mannequins
primary use is in the development of skills, research should include a statistically significant

measurable outcome in addition to user satisfaction scores.
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Mannequins provide safe and controlled simulations to aid in the development of knowledge and
skills which may be difficult for students to receive adequate real-life experiences in. They allow users
to gain confidence in these areas before interacting with real patients (Gordon et al., 2001; Cooper
and Taqueti, 2004; Issenberg et al., 2005; Seybert et al., 2006; Lapkin et al., 2010; Crea, 2011; Branch,
2013). They have also shown benefits in interprofessional education by aiding the development of
teamworking and communication skills, however this has been studied less than outcomes for single
healthcare professions and due to the increasing multidisciplinary nature of the NHS, should be
considered as an outcome in future research (NHS, 2014; Seybert et al., 2008; Vlyas, McCulloh, et al.,
2012; Smithburger et al., 2013; Nazar et al., 2017). Mannequins are unable to address emotional
intelligence, thus their use may be limited to technical or physical technique. It has been noted that
HPS may not develop transferable skills due to their limited realism, which therefore may not prepare
students to perform in an actual clinical environment (Feingold et al., 2004). There has been limited
study of these aspects of student development and may be a useful area for future research, to allow
educators to understand the long-term usefulness of HPS. This, however, may not be a problem with
higher-fidelity mannequins and the complete integration of HPS into curricula rather than their

intermittent usage (Issenberg et al., 2005).

HPS in healthcare education and training appears to be gaining acceptance but it has not yet reached
widespread adoption, particularly in the UK and the nursing and pharmacy professions (Lapkin et al.,
2010; Kane-Gill and Smithburger, 2011; Reape et al., 2011; Branch, 2013). Additionally, there has
been little research into their use in assessments, which may be a role for future research as many
education centres are moving away from the primary use of written assessments to include more
practical exams and measures of competency rather than recalled knowledge. While HPS are in use,
they are still the exception, not the rule, for healthcare education and training. The benefits that HPS
can offer may determine them as effective complementary simulator experiences to real-patient

exposure. The main concerns associated with HPS, especially those which are higher-fidelity, are the

32



cost of production, the storage requirements and the technical support required; with staff needing
to be sufficiently trained before their inclusion into healthcare curricula (Chapman, 2012; AAMC,
2007; Issenberg et al., 2005; Gaba, 2004). If the future implications of transferable skills are studied,
this may make the cost:benefit decision easier for education centres but currently the long-term
benefits are unknown. HPS also removes the option of self-directed learning by the student, as the
simulation can only take place during scheduled time, which may affect their usefulness (Jungnickel et
al., 2009; Tunney and Bell, 2011). As stated previously, HPS cannot address emotional intelligence;
other types of simulation may be better suited to this and thus better suited for use in pharmacy
education and training. Although, the increasing clinical role of pharmacists may benefit from the use
of HPS to develop those more practical skills, such as blood pressure checks or vaccination practice,

therefore their role in these areas should be further studied.

2.6 Computer-Aided Instruction

Computer-aided instruction (CAl) encompasses a wide variety of technology, all of which use a
computer to deliver information and promote active learning (AAMC, 2007). The technologies
included in CAl range from lecture capture, computerised medical notes, computerised videos or
games (Chapman, 2012; Smith and Benedict, 2015). CAl primarily encompasses low fidelity
simulations which have low physical interactivity, which may affect the acceptability and usefulness
felt by students and educators (AAMC, 2007; Hussainy et al., 2012; Smith and Benedict, 2015). As
discussed in Chapter 1, students are of an increasingly digital native generation so they may enjoy CAl
but some tools can allow more ‘passive’ rather than ‘active’ learning, which may not encourage

experiential learning and therefore may not promote effective knowledge or skill development.

Unlike SPs and HPS, CAl can be accessed anytime which encourages self-directed learning; an

important trait for healthcare professionals (see section 1.3.1.iii). Additionally, the costs of production
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and use are relatively low, which may make them a more acceptable simulation tool for some
institutions (AAMC, 2007). The high costs and storage requirements associated with mannequins has
led to the consideration of CAl as a training tool for practical skills, however research is limited in this
area (Krummel, 1998; Ramshaw et al., 2001; Nyssen et al., 2002). Research has found no differences
in the development of knowledge when using CAl compared with HPS and, as such, it has been
determined that CAl can contribute to the training of technical skills, knowledge and individual
competence (Fuhrman Jr. et al., 2001; Nyssen et al., 2002; Leong et al., 2003; Smith and Benedict,

2015).

The first use of CAl in medicine was in 1961 and the development of further computer-based
simulations occurred slowly due to the limitations in technology and medical knowledge (Piemme,
1988; Rosen, 2008). However, over the past few years, a variety of CAl has been developed which
exists in the literature of healthcare education (Duque et al., 2008; Rosen, 2008; Hussainy et al., 2012;
Salter et al., 2014; Cain and Piascik, 2015; Smith and Benedict, 2015). This can make it difficult to
ascertain the effectiveness of CAl as different programmes have different fidelities, authenticities and
interactivities and not all research is specific regarding these aspects of the tool(s) studied. Within the
research available, a lack of comparative studies are noted (Cook, 2005), possibly because it is difficult
to conduct controlled trials comparing two types of learning tools and be sure the results are down to
the interventions alone and no other confounding variables (Cook, 2009, 2010). When the
effectiveness of CAl have been evaluated, knowledge and skills across a wide range of clinical topics
have improved; illustrating the potential of computer-based simulations in the training of healthcare
students (Duque et al., 2008; Cook et al., 2011). The variation in CAl tools can make it difficult to
ascertain these attributes to all types and it may be useful for different CAls to be compared against

one another to allow educators to make informed decisions.
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Research has established that CAl is easy to use but effects on student learning and satisfaction is
varied (Smith and Benedict, 2015; Hussainy et al., 2012). This could be due to the diverse
technologies included in ‘CAI’. Research which has evaluated more interactive CAls have found more
favourable results than those which have evaluated tools which allow for more passive learning (e.g.
lecture captures), however it is important to consider the intended learning outcomes and choose the
most appropriate simulation tool (Smith and Benedict, 2015; Hussainy et al., 2012). One of the most
interactive forms of CAl are immersive environments. One such is the Keele Active Virtual
Environment (KAVE); a room in which images are projected onto three walls and the floor to create a
computer generated virtual environment (Keele University, 2014). Whilst in the KAVE, users wear 3D
glasses and a tracking unit which allows a computer to pick up and respond to movements (Keele
University, 2014). The KAVE can be used to simulate different environments to teach students of a
single healthcare profession, or to promote interprofessional education. Immersive environments
have also been used to enhance the teaching of anatomy, pharmacology and medicinal chemistry,
with high user satisfaction (Chapman, 2012; Humphreys et al., 2013; Richardson et al., 2013).
Although there are multiple benefits associated with immersive environments, the costs associated
with their development and upkeep and the requirement for trained educators to be present during
use, may affect full utilisation of the technology. It may be beneficial for these immersive
environments to be evaluated against other forms of CAl or less interactive simulation tools, to see
where they may fit in healthcare profession education. However, due to the costs and training
requirements for creation and use, there are few immersive environments currently being used in

healthcare education and therefore a limited scope for research.

‘Gamification’ is a new term which refers to “the addition of elements commonly associated with
games (e.g. game mechanics) to an educational or training program in order to make the learning
process more engaging” (Landers and Callan, 2011). Gamification may also be called ‘educational

games’, ‘serious games’, or ‘game-based learning’ (Deterding et al., 2011; Sera and Wheeler, 2017).
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Games used within healthcare education don’t only include CAl, they also include puzzles, strategy
games and role-playing (Akl et al., 2010; Cain and Piascik, 2015; Sera and Wheeler, 2017). The value
of gamification in healthcare has been recognised, with education as the most popular area for use.
Published research in this area is limited, particularly within pharmacy and countries other than the
United States, and again the variety of games which could be used can make it difficult to ascertain
which elements are required for effective learning to take place (Aburahma and Mohamed, 2015;
Cain and Piascik, 2015; Sera and Wheeler, 2017). Research that has been conducted on gamification
has described positive impacts on a range of skills and other areas including: critical thinking,
communication, knowledge, confidence, enjoyment and engagement with learning, thus may be a
potential avenue for further exploration (Duque et al., 2008; Gormley et al., 2009; Aburahma and
Mohamed, 2015; Cain and Piascik, 2015; Sera and Wheeler, 2017). The limited research base, the
increasing digital native generation of students and the abundance of literature which shows
enjoyment as a key part of learning may determine that the benefits of gamification should be

evaluated more thoroughly.

With more students entering undergraduate pharmacy curriculums who are familiar with video
games and game-based living, it may be beneficial for pharmacy educators to explore how these

instructional technologies could benefit a new generation of pharmacy students.

2.7 Virtual Patients

No single definition of a virtual patient (VP) exists in the literature; different institutions and authors

describe them in different ways, which can make it difficult to appraise the quality of the literature.

The Association of American Medical Colleges (2007) defines VPs as:
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“A specific type of computer based program that simulates real-life clinical scenarios; learners
emulate the roles of health care providers to obtain a history, conduct a physical exam, and make

diagnostic and therapeutic decisions.”

A second definition is provided by The MedBiquitous Virtual Patient Working Group:

“An interactive computer simulation of real-life clinical scenarios for the purpose of medical training,

education, or assessment. Users may be learners, teachers, or examiners” (Ellaway et al., 2006).

Although multiple definitions exist, commonalities between them also exist. VPs are a computer-

based simulation of real-life clinical scenarios to train healthcare professionals.

2.7.1 VP Typology

Unlike other forms of computer assisted learning, the outcomes of VP simulations are directly related
to learner input which encourages users to take responsibility for their actions and learn from their
mistakes (Cook and Triola, 2009). The term ‘virtual patient’ encompasses programs of differing
interactivities and realisms, including: still photos, video clips, avatars and immersive virtual reality

simulations (Chapman, 2012), however all must ensure the outcome is dependent upon user input.

In the context of a healthcare training tool, an avatar is a computer-generated animation which
represents a patient or healthcare professional (Park and Summons, 2013a). Avatars can be
described as ‘asynchronous’ or ‘synchronous’ (Bell, 2008; Petrakou, 2010). Asynchronous avatars (or
non-real-time avatars) are those which students are able to access anytime without the requirement

for another individual to be available; the simulations are created and stored for students to work
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through in their own time. Synchronous avatars are those that are active in real-time and simulations
may require input from multiple users or educators, thus they are not as flexible (Bell, 2008;

Petrakou, 2010).

VPs are generally web-based which allows for a range of features, such as images or videos, to be
easily integrated into their design (Huang et al., 2007; Woodham et al., 2015). It also allows users to
access the simulations anytime, promoting self-directed learning (Dewhurst et al., 2009; Poulton and
Balasubramaniam, 2011; Benedict et al., 2013; Hege et al., 2016). Ensuring ease of access to
resources encourages student involvement with their own learning and the use of VPs has found to
improve engagement with distance learning (Zary et al., 2006; Guise, Chambers and Valimaki, 2012;
McFalls, 2013; Ghanbarzadeh et al., 2014). Issenberg et al. (2005) stated repetetion as an important
feature to aid learning in high-fidelity medical simulations. The web-based aspect of VPs enables
repetitive practice with increased standardisation over traditional real-person interactions (Johnsen

et al., 2005).

A problem when searching the literature and drawing conclusions on the use of VPs in healthcare
education and training is the variety of tools which can be classed as ‘virtual patients’ and the [lack of]
descriptions which are provided. The majority of research has been carried out using non-animated
VPs or those which utilise video clip responses; asyncronous or synchronous avatars and immersive
reality are discussed to a lesser extent (Cook and Triola, 2009; Cook et al., 2010; Jabbur-lopes et al.,
2012; Ghanbarzadeh et al., 2014; Hege et al., 2016). The different types of VP used can ultimately
affect the usefulness of the tool for the proposed learning outcomes and student satisfaction with the

learning experience (Bergin and Fors, 2003; Huwendiek et al., 2009; Hege et al., 2016).

To overcome the range of tools which are described as VPs in the literature, VP ‘typologies’ have
been proposed to help with the categorisation and classification of VP simulations (Huwendiek et al.,

2009; Kononowicz et al., 2015). Researchers need to be more explicit when explaining the VP used in
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their research to ensure more thorough comparisons can be made between different VP types and

outcome measures (Kononowicz et al., 2015; Huwendiek et al., 2009; Cook et al., 2010).

2.7.2 VP Design

VPs may be costlier to produce than other CAls due to the technological requirements of the software
and the abilities of staff required to develop simulations. However, once established, the cost and
time to create new simulations may be less than with other types of simulation tools. Once an
underlying avatar model has been created, it can be reused and a new ‘skin’ or appearance can be
created for it, therefore making new cases or updates quick and easy to do. Additionally, avatar
algorithms (or scripts) are relatively quick and easy to update if required in comparison video-based
VPs which would require re-filming and editing of whole simulations. VPs are easily customisable
allowing for many simulations to be created; thus institutions may find the benefits of the technology
outweigh the costs (AAMC, 2007). Ellaway et al. (2008) describes ‘virtual patient commons’ which

allow the sharing of VP cases:

“A virtual patient commons is one where a particular community creates, adapts, shares,
reuses and otherwise makes use of a bank of virtual patient cases held by and on behalf of

that community.”

These VP commons encourage the sharing of VP cases across a range of disciplines and locations to
overcome some of the issues associated with the creation of the cases which, again, may allow the
benefits to outweigh the costs but other problems may arise, such as intellectual property (Huang et

al., 2007; Ellaway et al., 2008; Poulton and Balasubramaniam, 2011). As the use and development of
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technology increases, the initial outlay costs of avatars are likely to decrease, and therefore they may

become an affordable option for most educational centres.

VPs can be created and customised in many ways depending on the learning outcomes, design
knowledge of the individual creating the cases and the time available (Ellaway et al., 2008;
Huwendiek et al., 2009; Poulton and Balasubramaniam, 2011). The two main VP designs are
branching or linear (Ellaway et al., 2008; Huwendiek et al., 2009; Bateman et al., 2013; Woodham et
al., 2015). Linear VPs have a single core pathway, which users are redirected back to irrespective of
the decision made (Bateman et al., 2012). Branching VPs are based on a decision tree or a ‘Markov
Model’ (Sonnenberg and Beck, 1993) which allows users to make decisions at selected points
throughout a simulation, which have the potential to change the pathway through a case and the
overall outcome (Ellaway et al., 2008; Woodham et al., 2015; Benedict, 2010). Branching VP designs
have been found to encourage user engagement and promote self-directed and reflective practice to
a greater extent than linear cases, thus they may be better placed for the training of healthcare
professionals, as there is rarely a definitive correct and incorrect answer in real-life consultations
(Poulton et al., 2009; Poulton and Balasubramaniam, 2011). Cook and Triola (2009) discovered that
the branching VP model is particularly useful for learning critical decision-making skills, due to the
dependency of the case outcome on user inputs (Cook & Triola, 2009). In fact, a large proportion of
research into VP use has focused on their development of clinical reasoning skills, with encouraging
results (Cook and Triola, 2009; Cook et al., 2010; Forsberg et al., 2011; Poulton and Balasubramaniam,

2011; Bateman et al., 2012, 2013; Berman et al., 2016).

VPs in healthcare education and training is an under-researched area, which may be because of the
trained technical staff required to create and maintain VP simulations. It also may be due to the
limited research which documents how VPs should be used, their precise design information and

study outcomes, thus researchers interested in evaluating VPs in education may not understand how
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to do so. The findings of the literature search are discussed below in section 2.7.3. The systematic

review of VP use in pharmacy is presented in Chapter 3.

2.7.3 Virtual Patients in Medicine and Nursing

The first mention of VPs in medical education literature is by Harless et al. (1971) who described a
computer-aided simulation, in which medical students interacted with a text-based VP via free-typing
questions, ordering laboratory tests and making diagnoses, which culminated with input-specific
feedback. Despite the technology being around for the past 40 years, it has been established that few
medical schools incorporate VP simulations into their curricula; with only 24% of medical schools in
the United States and Canada using VPs as an educational tool in 2007 (Huang et al., 2007). Since this
time, their use may have expanded to more than 130 medical schools in the United States, Canada
and many European countries, however exact figures are unknown as it has not been the focus of a
research paper in recent literature (Berman et al., 2016). This may be an area for future research,

especially in relation to Pharmacy Schools as this has not been investigated.

Two important literature reviews have been conducted into the use of VP simulation in healthcare
education and training (Cook and Triola, 2009; Cook et al., 2010). Research has established VPs as an
effective learning tool, but there has been significant difficulty when trying to determine whether VPs
are more effective in comparison with established learning tools due to few papers investigating this
(Cook and Triola, 2009; Cook et al., 2010). This may be unsurprising as it is difficult to assess the
effectiveness of any type of learning tool; to claim a difference is due to the intervention itself and no
other influential factors. Those studies which have compared VPs with other interventions have
generally found small and non-significant differences in learning outcomes surrounding skill
development, clinical reasoning and knowledge improvement (Cook et al., 2010). This is not to say

they are not useful learning tools, as significant differences between different learning tools may be
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unlikely, especially those which encourage active learning. It is therefore beneficial to establish that
VPs show similar efficacy to more established learning tools. Research comparing VPs with SPs have
found little differences in clinical outcomes, but did find that users may show less empathy and
warmth to a VP, signifying the importance of ‘real patient’ experiences to develop these affective
skills (Deladisma et al., 2007). Cook and Triola (2009) also noted that repetitive use of VP simulations
is required for an effect on learning, which is a benefit of VP tools that promote independent self-

directed learning.

Although real or simulated patients have been shown to help with the development of affective skills,
VPs have been found to aid the development of communciation skills (Sijstermans et al., 2007;
Botezatu, Hult, Tessma, et al., 2010a; Foronda, Gattamorta, et al., 2013; Kleinsmith et al., 2015).
Research has described the development of emotional intelligence from completing VP simulations,
which was something initially thought to be outside the realm of VP capabilities due to their
technological nature but may be possible dependent on the fidelity of the VP tool; higher-fidelity
tools aid the development of these skills more than the lower-fidelity VPs due to their increased
realism and promotion of emotional intelligence in the users (Bearman et al., 2001; Bearman, 2003;
Stevens et al., 2006; Deladisma et al., 2007; Kleinsmith et al., 2015). With regards to communciaiton
skills, the more interactive the VP tool, the greater the impact on communication skills; with
immersive reality simulations enhancing this skill the most but all VP tools improving these skills to
some extent (Stevens et al., 2006; Deladisma et al., 2007). The majority of research has assessed
communication skills as an outcome using self-reporting techniques and there is a lack of more robust
assessment methods. The importance of effective communication skills has been discussed in Chapter
1, and the creation of a resource which can promote the development of these skills in a safe
environment and be used in an individuals’ own time may show benefit over other simulation tools
which are currently utilised more thoroughly in undergraduate curricula. Little research has evaluated

VPs effects on the communication skills of qualified healthcare professionals, therefore it is unknown
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whether these benefits are limited to undergraduate students and may be elicited to their limited
real-world exposure, or whether similar results would be found in a post-graduate sample. This

therefore currently limits the scope of use of VPs as training tools, until these areas are evaluated.

The virtual reality, immersive environment that has been predominantly studied in medicine is
‘DIANA’ the Digital Animated Avatar created by The University of Florida (Johnsen et al., 2005;
Stevens et al., 2006). The system incorporated additional components which help to increase the
realism of a simulation, such as the tracking of a user’s head and hand movements and the use of a
microphone to allow verbalisation of questions (Johnsen et al., 2005; Stevens et al., 2006). The
interactivity of DIANA resulted in positive comments from medical students regarding the realism of
clinical scenarios, the development of clinical skills and overall satisfacton with the learning tool,
however results are limited to one sample of students at one University, but the few immersive
environments which exist prevent more widespread analyses (Johnsen et al., 2005; Stevens et al.,
2006). In addition to these comments, problems were noted with the speech recognition software,
with individuals reporting a negative effect on their overall immersion but no negative impact on
their learning experience as a whole, which questions the need for greater immersivity (Johnsen et
al., 2005; Stevens et al., 2006; Deladisma et al., 2007). The additional hardware components of the
system to track gestures and eye contact were reported as unecessary as students “did not think
gestures were important to the experience”. This may indicate that students do not expect to develop
the more affective skills, such as body language, from using VPs, indicating different utilites of

different learning tools.

The postive comments associated with the realism of DIANA, such as the ability of the tool to develop
clinical skills, communciation skills and high levels of enjoyment have also been identified with less
immersive VP tools (Triola et al., 2006; Gesundheit et al., 2009; Cook et al., 2010; Hoffman et al.,

2010; Gormley et al., 2011; Consorti et al., 2012). Immersive virtual reality tools have an associated
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extra cost, do not allow students to engage in distance learning and may elicit problems with speech
recognition software, which has led to researchers understanding that although higher-fidelity
simulations provide the most realistic simualtion, the intended learning outcomes need to be
considered and the correct VP tool should be used to achieve these (Dieckmann et al., 2012).
Additionally, not all institutions will have the capacity for these immersive environments, and due to
the limited number which have been created and studied, it may impact the number of future
reseachers or educators who will invest in these simulations; until more thorough evaluations which

establish their benefits as learning tools are conducted.

The use of synchronous and asynchronous avatars have been investigated as potential training tools
for medics and nurses. They both offer greater interactivity and realism than is found with non-
animated or video based VP tools and they have the abitility to offer additional learning exercises and
opportunities outside of scheduled learning time; promoting and helping develop the integral skills of
self-directed and reflective learning, however they are lower-fidelity than immersive environments. A
smaller proportion of research has focused on asynchronous avatars, but that which has, has
demonstrated significant outcomes in the development of knowledge, skills and confidence to
interact with real patients (Kenny et al., 2008, 2009; Kleinsmith et al., 2015; Moule et al., 2015). The
primary evaluation methods used have been via self-reporting techniques, which are not without
their limitations. The individuals carrying out the study and data collection are normally known to the
students, and therefore they may feel pressured to respond positively. Results have been comparable
with other forms of VP simulation, but greater reinforcement of the benefits of asynchronous avatars

would be useful to cement them as established learning tools.

A number of virtual worlds have been created which can be defined as “a syncronous, persistent
network of people, represented as avatars, facilitated by networked computers” (Bell, 2008). They

are easily accessible, high-fidelity, immersive environments (Boulos et al., 2007; Foronda and
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Bauman, 2014). The virtual world most utilised in education is Second Life, which allows users to
create an avatar and interact with each other via text and voice recognition software (Tilley and
Kaihoi, 2011; Ghanbarzadeh et al., 2014). When first created, these worlds were primarily used as a
social interaction interface, but have since found use as a training tool for many institutions,
businesses and government agencies (Tilley and Kaihoi, 2011; Ghanbarzadeh et al., 2014).
Synchronous avatars, if not properly controlled, may lead to distraction from the intended learning
outcomes but they have found use in a range of areas including laboratory techniques, critical
appraisal skills and interprofessional working (Boulos et al., 2007; Beard et al., 2009; Seefeldt et al.,
2012; Caylor et al., 2015). They allow individuals to learn from one another in a simulated
environment. A majority of virtual worlds require staff or research personnel to be present online to
oversee the simulation. Having the pressure of staff and other students being present in the
simulation may affect users’ experiences, however allowing users to be directly observed for the
associated learning outcomes, to see how they behave or how their knowledge or skills develop, is
useful in measuring their usefulness as learning tools. The majority of research has also used self-
reporting techniques, which are useful to establish users’ enjoyment of the simulation tool, and

results in more than one type of data being collected and a more thorough evaluation.

Most errors in clinical reasoning are as a result of pressure, uncertainty and low self-confidence.
These errors have shown to cause suboptimal treatment of patients and represent a significant cause
of patient morbidity (Barber et al., 2003; Ziv et al., 2005; Heaton et al., 2008; Levett-Jones et al.,
2010). The integration of VP simulations into the training of medicine and nursing students has
improved clinical reasoning skills, which may therefore reduce errors and lead to better patient
outcomes (Cook and Triola, 2009; Botezatu, Hult, Tessma, et al., 2010a; Cook et al., 2010; Forsberg et
al., 2011; Berman et al., 2016). There has been little research into their use in qualified individuals,
which may be an avenue for future research; to see the effectiveness of these tools once healthcare

professional are in the workplace. VPs have been found to promote knowledge development and aid
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understanding of a wide range of topics, including: core medical topics (e.g. cardiology, haematology),
emergency care and emergency situations, paediatrics, mental health, medical history taking,
procedural skills and prescribing (Kenny et al., 2008; Botezatu, Hult, Tessma, et al., 2010a; Hurst and
Marks-Maran, 2011; Guise, Chambers and Valimaki, 2012; Ekblad et al., 2013; Farra et al., 2015;
Sansom, 2015). A large proportion of research has utilised self-reporting techniques to establish
whether VPs are useful learning tools. These studies have found positive results but a lack of
significance regarding knowledge improvement or probing on users’ thoughts, which affects the
generalisability and understanding of the results in a wider context (Gormley et al., 2011; Consorti et
al., 2012). Research has shown that VPs can improve student’s confidence in their own abilities
regardless of whether their performance improves, as this is rarely studied, therefore it is difficult to
understand their actual impact on learning or development (Bearman, 2003; Huang et al., 2007; Peck
and Miller, 2010; Hurst and Marks-Maran, 2011; Guise, Chambers, Conradi, et al., 2012; Yang et al.,
2013). There is a lack of both longitudinal research evaluating the use of VPs over time and research
evaluating the sustainability of learnt knowledge from the tools (Botezatu, Hult, Tessma, et al.,
2010a). Knowledge declines at the rate of one-fourth to one-third after 12 months and after 4 years
knowledge retention does not exceed 30% (Custers, 2010). However, knowledge loss does not
become a problem if repetitive practice occurs, which is a benefit of VP simulation, especially those
tools which allow for independent distance learning (Issenberg et al., 2005; Karpicke and Roediger,
2008; Cook and Triola, 2009; Botezatu, Hult, Tessma, et al., 2010a). Research establishing the long-

term effects of knowledge or skills learnt from VP use may be of benefit to pedagogical researchers.

Cendan and Lok (2012) noted that as VP technology is underutilised, the literature surrounding the
best practices of VP use is in its infancy. There are few longitudinal studies of VPs, little work into
optimal forms for integrating VPs into a course or curriculum, and few explorations into knowledge
retention or behavior changes. Additionally, the majority of research has incorporated self-reporting

scales to determine skill or knowledge development which do not statistically measure
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improvements. Additionally, there is limited research into how VPs can be used as an assessment
tool. Further research needs to evaluate when and how to integrate VPs into both undergraduate

curricula and postgraduate training.

2.8 Considerations of Simulation in Healthcare Education

2.8.1 Benefits of Simulation
The benefits of the different types of simulation tools have been discussed in respect to the literature
in sections 2.4 to 2.7 above. The overall benefits of simulation in healthcare professions education

will be discussed below.

It has been established that there are increasing numbers of undergraduate healthcare professionals
entering university and this, along with shorter inpatient stays and student placements in the clinical
environment, has led to questions regarding the use of simulation as a training tool (Badcock et al.,
2006; Ellaway et al., 2008; Arthur et al., 2010). Experience alone is not enough for individuals to
obtain mastery of clinical skills (Jeffries et al., 2011) and simulation-based learning can be
instrumental in promoting experiential situated learning and bridging the gap between theory and
practice without differences in educational outcomes (Weller, 2004; Hicks et al., 2009; McGaghie et

al., 2010; Barnett et al., 2016).

Clinical knowledge is expanding rapidly, which demands not only more efficient teaching methods but
also the teaching of ‘knowledge management’, yet lectures remain the primary teaching method in
many Universities (Berman et al., 2016). Lalley and Miller (2007) have described a ‘Learning Pyramid’
which illustrates the average learning retention rates of different instructional tools (Figure 2-1). The
‘Learning Pyramid’ illustrates that the retention of information after a lecture with audiovisual

enhancement is predicted to be only 20% whilst interactivity or ‘practice by doing’ methods, such as
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simulations, increases the retention to 75%. In addition to this, Lalley and Miller (2007) conducted a
literature review and found that no learning tool was superior at producing knowledge retention, and
all methods were effective in certain contexts. This identifies the need for different educational tools
to be used in combination, as per recommendations in the simulation literature (Hicks et al., 2009;

Jeffries et al., 2011; Lin et al., 2011; Kononowicz et al., 2012).

Reading
10%

Audio-visual
20%

Demonstration
30%
Discussion Group
50%
Practice by Doing
75%
Teaching Others
20%

Figure 2-1 The learning pyramid created by Lalley and Miller (2007).

Simulation offers many advantages over traditional learning techniques, and should be used in
combination with these to allow students with different learning styles to find a resource most
appropriate for them and to allow students to apply their learnt knowledge to practice (Hicks et al.,
2009; Ker and Bradley, 2010; Kononowicz et al., 2012; Foronda, Godsall, et al., 2013; Barnett et al.,
2016). Kolb’s learning cycle has been described in section 1.5 and simulation has been established as
a technique to encourage experiential learning which may help overcome some of the problems with

standardised placements (Fritz et al., 2008; Jarmon et al., 2009; Jungnickel et al., 2009; Harder, 2010;
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Ker and Bradley, 2010; Hussainy et al., 2012; Foronda, Godsall, et al., 2013; llling et al., 2013).
Traditional learning tools allow students to learn in a linear fashion whereas VPs provide the
opportunity for users to practice real-world scenarios and make mistakes, promoting a more dynamic
learning approach which may result in better retention of knowledge and skills (Aldrich, 2005).
Allowing students to practice, make mistakes and visualise the consequences from these mistakes can
help prevent them happening in the future and encourage reflective learning on how to overcome
these problems in practice (Triola et al., 2006; Scalese et al., 2007; Murray et al., 2008; Lewis, 2009;
Poulton et al., 2009). Simulations provide a safe environment for students to practice and develop
specific skills and knowledge without the risk of harming real patients. Although exposure to real
patients is important, certain skills and knowledge have been found to be successfully developed via
simulation (Weller, 2004; Stevens et al., 2006; Murray et al., 2008; Seybert et al., 2008; Hicks et al.,
2009; Ker and Bradley, 2010; Gormley et al., 2011; Jabbur-lopes et al., 2012). Research has found that
simulation reduces the pressure and anxiety felt by individuals when completing new tasks to a
greater extent than other learning tools, which ultimately may increase users’ confidence for
completing the same tasks in practice with real patients, and can therefore only be beneficial

(Deladisma et al., 2007; Hoffman et al., 2010; Ker and Bradley, 2010).

Research into the effective use of simulation for learning has identified the benefits of feedback and
repetitive practice (Issenberg et al., 2005; Ker and Bradley, 2010). Simulation repetition may improve
students’ confidence in their own abilities, resulting in better patient care in practice. It is difficult to
standardise placements for healthcare profession students and simulations offer a controlled
environment for specific learning objectives to be met (Ker and Bradley, 2010). Simulations allow for
the provision of immediate feedback, which may be individualised, to allow students to
instantaneously understand their strengths and weaknesses, integrate new skills and recognise the
consequences of decision making (Nestel et al., 2007; Orr, 2007; Scalese et al., 2007; Courteille et al.,

2008; Lin et al., 2011).
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Simulations provide many benefits to help both the more logistical issues of education (increasing
numbers of students, standardisation of placements) and the learning experience by developing a
wide range of skills and knowledge. There are many simulation tools available, all with their own
strengths and weaknesses and individual institutions need to ascertain those which benefit their
curricula most effectively. However, in addition to simulation providing many benefits, there are also

limitations associated with their use.

2.8.2 Limitations of Simulation

There are also a number of limitations of simulations which may explain why they are not fully
utilised in healthcare education and training. Firstly, simulations are not real. As already discussed,
simulations offer a controlled environment for students to learn and develop specific knowledge or
skills, but they can never truly represent real-life situations as humanistic factors cannot be portrayed
the same (Hicks et al., 2009; Ker and Bradley, 2010; Guise, Chambers, Conradi, et al., 2012). The use
of simulation in combination with real-patient experiences may overcome this limitation (Hicks et al.,
2009; Ker and Bradley, 2010; Lin et al., 2011; Kononowicz et al., 2012). Concerns relating to the
transferability of knowledge and skills from the simulated to the clinical environment have been
expressed (Feingold et al., 2004; Lambton et al., 2008; Hicks et al., 2009; Ker and Bradley, 2010). The
majority of research has evaluated short-term outcomes, and these longer-term outcomes need to be
investigated to understand the full potential that simulation can offer (Feingold et al., 2004; Abdo and

Ravert, 2006; Rosen, 2008; Cook, 2010; Ker and Bradley, 2010; Consorti et al., 2012).

Another limitation to the utilisation of simulation is the cost and time associated with the
development and training of staff or other personnel (AAMC, 2007; Rosen, 2008; Cendan and Lok,
2012; Chapman, 2012; Guise, Chambers, Conradi, et al., 2012). Few studies have investigated the

cost:benefits associated with the different types of simulation and a lack of established, significant
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improvements in knowledge or skills may lead to a reduced uptake (Lok et al., 2006; Fernandez et al.,
2007; Lin et al., 2011; Hussainy et al., 2012). Incorporating a ‘Virtual Patient Commons’ as suggested
by EllaWay et al. (2008) allows for the initial development cost to be offloaded but without the
increased integration of universities or simulation centres to create these tools, it is difficult to
establish simulation as a prime instructional tool in all healthcare professions curricula and there may

be intellectual property considerations with this.

Technological-barriers are also present with computer-based simulation. These barriers are not
specific to simulation and have been raised in various areas when looking to incorporate
technological tools into healthcare (Ertmer, 1999; Short et al., 2004; Dieckmann et al., 2012).
Although technology is enhancing in everyday life and current students represent the digital-native
generation, not all individuals will have the same skills and confidence for using technology which
needs to be considered upon development of new learning tools (Short et al., 2004). Simulations
should promote individualised, self-directed learning but if students are not engaged or motivated to
learn, they may not participate fully and fail to meet the intended learning outcomes (Jungnickel et
al., 2009; Cendan and Lok, 2012; Benedict et al., 2013). This may show the applicability of simulation
as an additional educational tool, in combination with more established tools, to ensure all individuals
are exposed to a learning technique most appropriate for them (Taylor and Walford, 1972; Dutile et

al., 2011; Lin et al., 2011).

2.8.3 Current Integration of Simulation into Healthcare Education

Simulations have been found to support the development of diagnostic skills, anatomical and
physiological knowledge and skills, clinical reasoning skills and communication skills of healthcare
professionals (sections 2.5 to 2.7). Research has also found that graduate healthcare professionals are

not ready for practice and their lack of clinical reasoning skills contribute to errors and result in
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negative effects on patient care (Heaton et al., 2008; Likic and Maxwell, 2009; Levett-Jones et al.,

2010; Morrow et al., 2012; Illing et al., 2013).

Resulting from the body of research, a significant change has occurred within the individual
professional bodies and Government to promote the inclusion of simulations as a resource into the
undergraduate curriculum of healthcare professions. In 2011, The Department of Health advocated
using simulation as a route to improve patient care, recommending that healthcare professionals
learn skills in a simulated environment before undertaking them in practice (DOH, 2011). The Nursing
and Midwifery Council (NMC) also advocated simulation as a safe and effective means of learning
clinical skills and recommended its use as an adjunct to practice-based learning. In addition, the NMC
allowed simulation to replace up to 300 hours of the required practice-based learning within

qualifying programmes (NMC, 2011).

Simulation has also been accepted as an appropriate educational tool in pharmacy curricula. The
Accreditation Council for Pharmacy Education (ACPE) have decided that simulation can make up 20%
of introductory pharmacy practice experiences in Schools of Pharmacy in the USA (ACPE, 2015). The
2008 White Paper ‘Pharmacy in England: Building on Strengths — Delivering the Future’ recommended
increased pharmacy practice experiences and recognised the difficulty in providing enough ‘real-
world’ experiences to students (DOH, 2008). As a result, Guile and Ahamed (2009) and Smith and
Darracott (2011) recommended an increased implementation of simulation teaching methods into
UK-based undergraduate pharmacy curriclum, however no specific guidelines have currently been

produced relating to this.

2.9 Chapter Summary

The review presented above has identified the main themes running through clinical simulation

literature. A range of simulation tools which are used in the training and education of healthcare
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professionals were discussed. Literature relating to these simulation tools in pharmacy education is
less than for medicine and nursing. There was also more literature originating from the USA
compared to the UK or Europe. All simulation tools have identified positive effects on the
development of knowledge and skills as well as a high-level of user satisfaction, however there are a
lack of statistically significant findings relating to knowledge or skill improvement, and most relate to
self-reporting scales. The different simulation tools are not always explicitly described in the literature
which makes it difficult to ascertain the features or components of simulations which are the most
effective. The positive findings have led to professional bodies and the UK Government promoting the

use of simulations as a resource in the undergraduate curriculum of healthcare professions.

VPs are a relatively new simulation tool and the initial costs and technical skills required for creation
and upkeep are associated barriers which may explain their limited development. Research has
determined that creating online communities may be a way to overcome these problems and may

promote greater utilisation of VP technology.

A systematic review of the literature surrounding VPs in pharmacy education will be presented in the

next chapter.
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3. Narrative Synthesis of VP use in Pharmacy

3.1 Introduction

This chapter presents the systematic search and narrative synthesis of the literature surrounding VP
use in pharmacy education and training. The chapter begins by discussing the general principles of
systematic reviews (section 3.2) and the aims of this systematic search (section 3.3). The methods of
the systematic search are presented in section 3.4, including the eligibility criteria of studies (section
3.4.1), the search strategy (section 3.4.2), the study selection (section 3.4.3), extraction of data from
the studies (section 3.4.4) and quality assessment of the studies (section 3.4.5). The findings of the
systematic search are then presented as a narrative synthesis in section 3.5. An overview of the
findings is presented in section 3.5.1 before the themes running through the literature are reported in
sections 3.5.2 to 3.5.5. The limitations of the studies included in the review are discussed in section
3.6 and the rationale for the use of VPs in pre-registration training (i.e. rationale for this thesis) are

presented in section 3.7. A summary of the chapter is presented in section 3.8.

3.2 Systematic Literature Review

From the literature review preceding the systematic search (Chapter 2), it was noted that the
research base investigating the use of VPs in pharmacy was smaller than that surrounding their use in
other healthcare professions. As a result, a systematic search was conducted as this “attempts to
collate all empirical evidence that fits pre-specified eligibility criteria in order to answer a specific
research question” (Higgins and Green, 2011). Thus a systematic review would produce a more
organised collation of the literature regarding VP use in pharmacy education which could be used to

inform methodological decisions in this thesis.
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Most systematic reviews utilise meta-analyses to summarise the findings from the search, however a
narrative synthesis approach was adopted in this research (Popay et al., 2006). Meta-analyses use
statistical methods to summarise the results of research studies to, primarily, provide more precise
estimates of the effects of healthcare (Higgins and Green, 2011). Whereas a narrative synthesis
“refers to an approach to the systematic review and synthesis of findings from multiple studies that
relies primarily on the use of words and text to summarise and explain the findings of the synthesis”
(Popay et al., 2006). A meta-analysis was not appropriate because there were no randomised
controlled trials conducted into VP use in pharmacy. A narrative synthesis is useful for systematic
reviews which focus on a wide range of questions, not only those which relate to the effectiveness of
a particular intervention; which was suitable for this review, as presented below in the aim of the

review (Popay et al., 2006).

3.3 Aim of Systemic Review

The aim of the systematic review was to identify and examine the effectiveness of VPs in the

education and training of pharmacists.

The primary outcome measure was to identify the learning outcomes which VPs had been evaluated
against in pharmacy education. Secondary outcomes included the type of VP used in the research, the
education level of research participants (undergraduate/postgraduate) and the types of data

collection tools used.

3.4 Methods of Review

A literature review is considered systematic if it is guided by a research question and if the processes

of identification, selection, appraisal, and synthesis of the literature are explicitly described (Popay et
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al., 2006; Higgins and Green, 2011; Uman, 2011). The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist as reported by Liberati et al. (2009) was adapted for
the inclusion of studies with various methodologies and used as a guide for reporting this literature

review.

The steps described by Popay et al. (2006) in relation to the narrative synthesis of the literature were
also followed and included: the creation of a preliminary synthesis of the findings, an exploration of

the relationships between studies and an assessment of the robustness of the synthesis.

3.4.1 Eligibility Criteria

The inclusion and exclusion criteria used to screen the studies retrieved in the systematic search were
based on the PICOS approach (participants, interventions, comparators, outcomes, and study design)
(Liberati et al. 2009). These criteria are included in Table 3-1 with further exclusions including: papers
not in the English language, short conference abstracts, conference proceedings without a full-text

online, conference presentations or posters and studies where no full text was available.

PICOS Inclusion Criteria Exclusion Criteria
Participants | Pharmacy undergraduate students Participants in other healthcare areas
Pharmacy postgraduate students (not pharmacy)
Qualified pharmacists
Intervention | Virtual patients which relate to the Papers not describing the type of VP
definitions set out in Chapter 2 (section | used
2.8) VPs not consistent with the definitions

set out in Chapter 2 (section 2.8)

Comparison | Studies with or without comparison of Studies were not excluded based on the
VPs with another learning tool absence of a control

Outcomes Learning tool No outcomes reported
Assessment tool
Self-reporting tool

Study design | Evaluative studies — quantitative, Studies describing creation of VPs with
qualitative and mixed-method studies no evaluation
Literature reviews

Table 3-1 Describes the inclusion and exclusion criteria used to screen studies based on the PICOS
approach (Liberati et al. 2009).
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3.4.2 Search Strategy and Data Sources

The search strategy employed in the systematic review was similar to the one described previously
(Chapter 2, section 2.2.2). An initial scoping of the literature was conducted in 2013 to determine the
level of research available and help inform the methodology of the research. The systematic search

was conducted in June 2017. The databases included in the search are listed in Table 3-2.

Electronic Databases Used in the Literature Review

Web of Science (1970 — 2017)

PubMed (1970 — 2017)

Science Direct (1970 —-2017)

BioMed Central (1970 — 2017)

MEDLINE (1970-2017)

Table 3-2 Presents the databases that were searched in the systematic review process. All
databases were searched from 1970 as the first mention of VPs in healthcare education was 1971.

The search strategy involved using keywords in combination with Boolean operators to search the

title and/or abstract of papers. The primary keywords used were:

1. ‘virtual patient’

2. ‘virtual patients’

3. ‘virtual patient*’ (to find virtual patient, virtual patients and virtual patient’s)

4. ‘pharmacy’

5. ‘pharmac* (to find pharmacy, pharmacist, pharmacies, pharmacology, pharmaceutics)

6. 10R20R3AND4ORS5

Other, related search terms such as case-based learning or e-learning were not included in the
systematic search because it was considered essential for this review to focus specifically on the
concept of virtual patients; thus, research had to relate to computer-based simulations of real-life
clinical scenarios to train healthcare professionals, in which simulation outcome was dependent on
user input (section 2.7). Additionally, as the systematic review was focused on research that had been

conducted in pharmacy, other healthcare professions were excluded.
57



In addition, the archives of particularly relevant journals were searched, such as Pharmacy Education,
American Journal or Pharmaceutical Education and The Pharmaceutical Journal. The search also

extended to the professional and regulatory bodies’ websites to uncover any other useful resources.

3.4.3 Study Selection

References were imported into and managed using Mendeley®. Screening of the identified studies
was initially based on the title, then the abstract and finally the full-text. If studies seemed to meet
the inclusion criteria or a decision could not be made based solely on review of the title or abstract,
full-text copies were obtained. The process to determine the papers for review is shown in Figure 3-1.
The literature search and initial appraisal of the articles was conducted by the lead researcher (JT).
Studies were then appraised by the supervisory team and discussions led to the inclusion of 37

articles in the narrative synthesis.
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195 citations found through Web 8 citations found through other

of Science (N=30), PubMed sources (‘snowballing’, direction
(N=25), Science Direct (N=70), by supervisory team)

BioMed (N=20), MEDLINE (N=50)

v v

203 citations for review

60 studies excluded
as duplicates

\ 4

A\ 4

72 articles excluded:

v

143 articles for title
review e 14 - simulation but not VPs

e 7 —VP but not in pharmacy

e 51 -—norelevance to VPs

A 4

71 articles for abstract
review 27 articles excluded:

\ 4

® 4 -simulation in pharmacy
but not VPs

e 7-VP butnotin pharmacy
e 3 —technology in medicine
e 13 —full-text not available

A 4

44 articles for full-text 7 articles excluded:

review ® 2 —no description of VP
technology

\ 4

e 4 —not VPs as described in
inclusion criteria

e 1 -—noevaluation
(descriptive only)

A 4

37 articles included

Figure 3-1 A flow diagram illustrating the screening process, as recommended by Liberati et al.
(2009). In total, 37 articles were included in the narrative synthesis: two conference papers, three
review articles and 32 evaluative studies.
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3.4.4 Data Extraction

Preliminary synthesis of the 37 review studies occurred. The following information was extracted and
is presented in Table 3-3: authors, year of publication, country of study, participant characteristics
(number, year of study or age, University or area of residence), type of VP tool (video clips,

asynchronous avatar, synchronous avatar), data collection tools used and outcome measures.

A full review of the studies was completed by the lead researcher (JT) and thematic analysis was
carried out to extract the main themes relating to VP use in pharmacy education (Braun and Clarke,
2006). The themes were categorised and are discussed in the narrative synthesis of the literature

(sections 3.5.2 to 3.5.5).

3.4.5 Quality Assessment

Due to the variability of methodologies and reported outcomes, the quality of the articles could not
be assessed using the methods set out by Liberati et al. (2009). Instead, a nine-point checklist created
by Morrison et al. (1999) to critically appraise reports of educational interventions was used. The
studies were critiqued based on the following factors: clear research question, clear learning need
(aims and objectives), clear description of the educational context (participants, setting, integration
into curriculum), clear description of the intervention, appropriate study design, appropriate
methods, appropriate outcomes (reliable, valid), any other explanations of results and explanations of
unanticipated outcomes. A presentation of these findings can be found in section 3.6 with a

discussion of the main points throughout section 3.5. The full quality assessment can be seen

Appendix 1.
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Author (year) Country Types of VP Participants Data Collection Outcomes
Al-Dahir et al. USA DecisionSim 119 fourth year Knowledge based VP vs PBL
(2014) pharmacy students | pre-post-MCQs
No further 1 University Significant improvement in knowledge in
description on how Evaluative survey - both groups (PBL>VP)
users interact with Likert scale VP increased comfort with e-learning
VP or how VP PBL>VP users recommend learning tool
responds
Barnett et al. USA Text based 134 third year Pre-post evaluative VP vs paper-based
(2016) Students select pharmacy students | survey —
questions, VP 1 University Likert scale Significant increase in confidence items for
responds via text both groups (VP>paper)
Subjective-objective- | N.S. difference found between groups for
assessment-plan rest of items
(SOAP) VP increased interest, enjoyment, relevance,
realism, learning new content
SOAP - Little difference between groups
Battaglia et al. USA Text based 80 third year Pre-post assessment | Significant improvement — pharmacists more
(2012) Students select pharmacy students | — than students
questions, VP 1 University Likert scale, MCQs VP helped develop knowledge, develop
responds via text 42 Pharmacists and short answer Q’s | skills, understand MTM better
Benedict (2010) USA vpSim 107 third year Knowledge based VP use in PBL

No further
description on how
users interact with
VP or how VP
responds

pharmacy students
1 University

questions
SOAP

Evaluative survey

Average score on VP learnt content - 87%
SOAP average —90%

VP and PBL - intellectually challenging,
covered learning objectives (PBL>VP),
contributed to learning (PBL>VP), enjoyed
(PBL>VP)
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Author (year) Country Types of VP Participants Data Collection Outcomes
Benedict and USA PharmaCAL 190 third year Pre-post knowledge | Significant improvement on pre-post-
Schonder pharmacy students | quiz knowledge quiz
(2011) Input by pre-select 1 University Significant improvement on final exam
options Final exam scores —
knowledge retention | VP —easy to use, enjoyed using, stimulated
No description on interest in learning, allowed application of
how VP responds Evaluative survey — learning, acceptable teaching tool, further
Likert scale incorporated into the course, immediate
feedback useful
Benedict et al. USA vpSim/ 106 third year Pre-post knowledge | VP vs lectures
(2013) DecisionSim pharmacy students | quiz
1 University Significant improvement on post-knowledge
No further Final exam scores — quiz for both groups (N.S. difference
description on how knowledge retention | between groups)
users interact with Retention of knowledge similar in both
VP or how VP Evaluative survey — groups (N.S)
responds Likert scale VP — organised, appropriate content,
enjoyable, challenging, aids understanding
and self-directed learning
Bindoff et al. Australia Asynchronous 33 third and fourth | Pre-post knowledge | VP vs paper-based
(2014) avatars year pharmacy quiz

User selects pre-
populated questions
VP responds via text
and animations

students
1 University

Pre-post self-
assessment of
competencies

Evaluative survey —
Likert scale and
open-ended Q’s

N.S. difference in knowledge, competencies
or satisfaction for both groups (VP>paper)
Third year students had greater
improvement in both groups (N.S)

Third year - VP more accepted, VP more fun,
better to learn

Fourth year — preferred paper-based
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Author (year) Country Types of VP Participants Data Collection Outcomes
Both years — VP more engaging, easy to use,
simulate whole dispensing process, difficulty
using the system, overly simplistic dialog
Bracegirdle and UK Asynchronous 90 stage 1 WWHAM Emotional engagement from students
Chapman avatars pharmacy students | questioning Natural language used in questions
(2010) 1 University Students used ‘text-speak’
MCQ and free-text Anecdotal feedback
input
Avatar responds via
text and speech
Cavaco and Europe Review Article 194 students at Evaluative survey 12 (6.2%) previous VP experience -
Madeira European Pharmacy | regarding use of VPs, | 3 used simulation which used 3-D images
(2012) Students' perceptions of VPs in | and sound, 9 used other forms of VP
Association Annual education — simulation
Congress — 23 Likert scale 8 used VP with MCQs, text-boxes or audible
countries and 46 responses
Universities 6 used VPs in pharmacy course, independent
study, group work, case studies, practical
teaching, supplementary resource
83.5% felt VPs should be used in curricula
73% thought VPs useful as individual
learning tool
Agreement for use in blended learning
Caylor et al. USA Synchronous 21 students from Pre-post IPE Perception scale - increase in all areas except
(2015) Avatars nursing, medicine, Perception Scale — medicine lower perceived need for
and pharmacy Likert scale cooperating

Second Life (SL) and
audio over Skype

1 University

Pre-post teamwork
Questionnaire —

Attitudes - increase in all except medicine
reduced for leadership
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Author (year) Country Types of VP Participants Data Collection Outcomes
Likert scale Observation - all teams worked well,
pharmacy students actively participated
Team Performance however more teamworkers than leaders
Observation Tool — SL improved learning, convenient, realistic,
Faculty members reduced stress related to simulation and IPE
Technical issues — awkward navigation,
Evaluative survey — crashing PC, lack of body language
Likert scale and
open-ended Q’s
Chaikoolvatana UK Multimedia case 79 final year Care plan VP vs SP
and Goodyer history program pharmacy students
(2003) (MCHP) 1 University Face-to-face VP group performed significantly better on
consultation care plans
Text and video clips VP positive — easy to use, useful, enjoyed
Evaluative survey — using, learnt how to take a patient history,
Likert scale design of VP good
VP negative — program took too long to
complete, keyword system difficult
Claudio et al. Portugal Asynchronous 7 qualified Evaluative survey — VP positive - layout, easy to use, realistic
(2015) avatars pharmacists Likert scale and appearance and animations, useful learning

Users choose pre-
set options

Avatar responds via
speech and
animations

open-ended Q’s

tool, immediate feedback and monitoring of
progression, developing accurate and
consistent professional skills

VP negative - body motion, listening
comprehension, synchronisation of lips and
speech

Improvements - more facial expressions,
more variety of patients

Not replace real-human interactions
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Author (year) Country Types of VP Participants Data Collection Outcomes

Douglass et al. USA TheraSim 135 final year Pre-post-test of Significant improvement on skills based

(2013) pharmacy students | clinical competence competencies
Select pre-inputted | 1 University 88% of students achieved 73% of
options Evaluative survey - competencies from VP
Text, pictures, video Likert scale VP improved chronic disease and medicine
clips, electronic management skills, understanding EMR,
medication record ability to identify patient-specific
(EMR) information and provided good summary of

course

Ferrone et al. USA MyDispense — 241 pharmacy Evaluative survey — VP easy to use, more realistic than paper-

(2017) Asynchronous students from 3 Likert scale and based, provides safe learning opportunity,
avatars Universities open-ended Q’s helpful, enjoyable, challenging, provides

practice at collecting patient info, reinforced

Pre-selected patient counselling, simulate whole
options or free-text dispensing process, useful introduction to
input community pharmacy
Avatar responds via Need training before use
text

Fleming et al. USA SIMmersion 102 healthcare Pre-post SP VP vs control (paper-based)

(2009) professionals (10 consultations to

Spoken questions
through
microphone or pre-
inputted text-based
Video clip response

physicians, 30
physician assistants
or nurse
practitioners, 36
medical students,
26 pharmacy
students)

measure clinical skills

Significant improvements in each group —
screening skills, brief intervention skills
Significant difference between groups for
alcohol screening and brief intervention
skills (VP>control)
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Author (year) Country Types of VP Participants Data Collection Outcomes
FuhrmanJr.etal. | USA Virtual Family 58 first year Students graded on VP vs control
(2001) pharmacy students | their responses
Text based — 1 University Student responses accurate and timely
students enter Knowledge exam N.S. difference in mean number of questions
answers in text- answered correctly semester 1, significant
boxes, marked by Evaluative survey — difference in mean number of answers
faculty Likert scale correct (VP>control) semester 2
N.S. difference in mean time to complete the
exam in either semester
VP helped understand disease states,
develop knowledge beneficial for future
66% rated VP experience excellent, 32%
good, 2% average
Hussein and USA Computer 34 third year Assessed on care Progress through course - communication
Kawahara (2006) telephony pharmacy students | plan and messages better and more confident, able to utilise

interactive voice
response system
(IVR) and a text-to-
speech (TTS) system

6 faculty members

left on telephone

Final knowledge
exam

Faculty evaluative
survey —
Likert scale

Students evaluative
survey —Likert scale
and open-ended Q’s

different resources to create care plans
Faculty — VP innovative, further
understanding of topics, challenging,
encourage communication between
students

Students — VP innovative, interactive and
dynamic, patients not textbook, apply
therapeutic learning, enhanced learning,
concentrated more because of user-patient
effect

Data collection too long, difficult to connect
with, unreliable
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Author (year) Country Types of VP Participants Data Collection Outcomes
Jabbur-lopes et World Review Article Literature search — 7 articles met inclusion criteria — 4 North
al. 1960 — 2009 VPs in America, 2 Australia, 1 Europe
(2012) pharmacy Sample sizes ranged from 34-202, most
common third year pharmacy students
Evaluation mostly by satisfaction survey
All studies found increased satisfaction with
VPs, stimulating, innovative and highly
applicable to real practice
Lambertsenetal. | UK PharmaComm 6 third year Observation on use Observation — students engaged, used
(2017) Asynchronous pharmacy students | of VP reference sources
avatars 1 University Focus group — VPs vital sign changes good,
Focus group instant feedback, realistic animations,
Users pick questions communication and medication chart useful,
and textual safe learning environment, improve
response confidence, positive impact on motivation to
learn, enjoyed using and likely to engage in
SDL, useful in IPE
Lichvar et al. USA vpSIM 109 second year Pre-post knowledge | VPs in flipped classroom vs paper-based

(2016)

Text-based input
No description of VP
response

pharmacy students
1 University

quiz

End of year exam —
knowledge retention

Evaluative survey —
Likert scale and
open-ended Q’s

Significant increase in knowledge for both
groups (VP>paper)

VP group significantly better on Qs assessing
higher level learning

27 students used VP for independent
learning after study

VP helped understand and apply learning,
interactive nature, preferred over paper
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Author (year) Country Types of VP Participants Data Collection Outcomes
Loke et al. New SimPharm 20 fourth year Audio recordings and | VP vs paper-based
(2011) Zealand pharmacy students | observations in class
Text based, users 1 University VP requires gathering of more clues, more
select pre- Focus groups independent learning, not linear completion,
populated options more responsibility, saw as real patient and
had to make decisions
More reference sources used for paper
Marriott Australia Text-based VP 360 third and fourth | Oral presentation VP easy to access and use, self-selection of
(2007) year pharmacy patients was innovative but faculty
students Evaluative survey — assignment may have been better
Likert scale VP realistic and engaging, having same VP
for two years improved learning
McDowell et al. Australia MyDispense 199 first year Performance on Median score of 98% on exam
(2016) Asynchronous pharmacy students | MyDispense exam VP helped understand dispensing procedure,
avatars 1 University medications, professional enculturation,
Evaluative survey - record keeping, improved confidence,
Pre-select options, Likert scale and stimulating learning environment, learn from
free-text, make open-ended Q’s mistakes, feedback useful, realistic and
notes but don’t helped prepare for real-world
interact with avatar Negative — ‘bugs’ in software
Improvements — reliability of software,
learning support, avatar design
McFalls USA Animated VPs 127 second year Pre-post knowledge | VP in PBL
(2013) pharmacy students | quizzes

Students asked
questions (no info
as to how)

VP responds via
speech

1 University

Case for submission

Evaluative survey —
Likert scale

Post-quiz scores significantly higher than
pre-quiz
Students liked PBL and liked using VP
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Author (year) Country Types of VP Participants Data Collection Outcomes
Menendez et al. Brazil PharmaVP system, 31 pharmacy Evaluative survey - VP novel, understand not textbook patients,
(2015) students Likert scale improve confidence, more realistic than
Pictures and text 1 University written cases, patient outcomes affected by
Tutor gives input enhanced learning process,
feedback challenging, enhanced understanding,
engaging, realistic, instructive, fun
Olin and Cole USA DecisionSim 93 third year Evaluative survey — VP promoted understanding of key concepts,
(2015) pharmacy students | Likert scale should be continued in course, helped
Free text and MCQ | 2 campuses identify learning needs, immediate feedback
input enhanced learning
Textual output Improvement — use as individual learning
tool (group use in study)
Orr USA Emails with 132 third year Email interactions Improved responses as the semester
(2007) pharmacists pharmacy students | graded by tutor progressed
1 University Average grade 88%
Feedback provided Pre-post skills based | Written communication skills improved
1-2 weeks after survey — Significantly more confident in self-care
submitted Likert scale competencies, knowledge, problem-solving,
communication and professional skills
Evaluative survey — VP valuable learning tool, realistic
Likert scale innovative, interesting
Park and Australia The Virtual 30 pharmacy Evaluative survey — VP useful for those that have little
Summons Pharmacy Patient students Likert scale experience in pharmacy, helped identify
(2013a) 2 Universities areas of weakness, improved confidence

3D talking head —
expressions and
speech

Textual input

with real patients

Negative — appearance of VP wasn’t
authentic, didn’t act like a real patient, didn’t
answer questions in a natural manner, voice
pitch was poor
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Author (year) Country Types of VP Participants Data Collection Outcomes
Pereira and Portugal Asynchronous 717 pharmacy WWHAM and Mean patient counselling scores — 8/10
Cavaco avatars undergraduates and | communication skills
(2014) internship students | — VP transcripts Students with previous work experience
Users pre-select in Portugal scored statistically better
questions Evaluative survey- Significantly lower mean score in the early
Response via text Likert scale years of study
Mean agreement of use of VP to assess
counselling skills
Seefeldt et al. USA Synchronous 47 in total - 7 first Facilitator Post-survey - larger percentage of students
(2012) avatars year pharmacy observation recognised characteristics of effective IPE
Second life (SL) students, 8 third VP allowed students to see perspectives of
year pharmacy Pre-post survey of other health professions, convenient and
students, 10 nursing | perceptions and flexible tool, interactive nature was realistic
students, 8 knowledge of IPE — Issues — technical, missing information or
physician assistant Likert scale and health profession (i.e. medics), differences in
students, 7 physical | open-ended Q’s levels of education, audio capabilities, lack of
therapy students, 7 non-verbal communication
occupational 94% not used SL before
therapy students 60% agreed SL was useful for IPE
Third year pharmacy students contributed
most
Smith and World Review article Literature review on 104 articles found — 19 articles met inclusion
Benedict effectiveness of criteria
(2015) educational 7 studies — CAl, 5 studies — HPS,

technologies

7 studies — VPs
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Author (year) Country Types of VP Participants Data Collection Outcomes
Assessment of VP by SOAP, exam scores,
pre-post-tests, presentations, self-
evaluation, peer assessment
VPs improved scores on examinations/post-
tests in all 7 studies (3 significant
improvements)
VP significantly improved knowledge and
problem-solving, communication and
professional skills
Smith et al. USA vpSIM 105 third year Pre-post-knowledge | VP improved learning of higher and lower-
(2014) pharmacy students | quiz level (higher-level>lower-level)
No further 1 University Median final exam score 84.6%
description on how Evaluative survey — VPs effective at practicing clinical
users interact with Likert scale and applications of asthma, should be
VP or how VP open-ended Q’s incorporated into curricula, users accessed
responds the case to prepare for the exam, enjoyed
Final exam — use, appropriate content
knowledge retention
Smith et al. USA vpSIM 131 third year Pre-post -knowledge | Post-quiz knowledge improved (N.S)
(2016) pharmacy students | quiz Faculty — case sharing allowed use of more
No further VP cases and better return on investment,

description on how
users interact with
VP or how VP
responds

3 faculty members

Faculty evaluative
survey

Student evaluative
survey —
Likert scale

minimal time and effort to create, easy
customisation, peer review helpful in
improving cases

Students — VP allowed clinical application of
knowledge, should use in all clinical
components of course, enjoyed using,
appropriate content, enhanced learning
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Author (year) Country Types of VP Participants Data Collection Outcomes
Taglieri et al. USA Shadow Health 335 third year Pre-survey, interim VP vs control
(2017) Digital Clinical pharmacy students | survey, post-survey —
Experience 1 University Likert scale and Significant improvement pre-post for both
Asynchronous open-ended Q’s groups (VP>control)
avatars Little change in confidence in either group
Performance in mock | VPs easy to use, realistic, ability to practice
Free-text input clinic in own time
Avatar responds via Negative — learn to obtain a history, practice
text and speech synthesising data and reflect on
performance, patients and scenarios pre-set
and not realistic, technical issues, time
consuming
Villaume et al. USA Auburn University 125 first year Students script for Motivational interviewing
(2006) Virtual Patient pharmacy students | VP - graded
(AUVP) 1 University Students — use of closed-questions,
Final exam — problems with empathetic responses, too

Video responses
Speech recognition
—users ask Qs —
responses shown on
screen and user
must pick one to say

Knowledge retention

many problems with the technology and
project took too much time

Technological issues - audio recordings of
VP, debugging the script files, formatting
script

VP improved understanding of motivational
interviewing — scores on these questions
significantly better than scores on the other
questions
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Author (year) Country Types of VP Participants Data Collection Outcomes
Zary et al. Sweden WebSP 283 in total - 70 Evaluative survey — Easy to create and edit VP cases without
(2006) medical students Likert scale and free- | need for computer specialists
Picture, Text, video | 123 dentistry text comments VP has significant educational value, easy to
output students use, engaging, realistic, instructive, fun to
MCQs and free-text | 90 pharmacy use
input, select tests or | students Technology issues — case notes differing
exams from VP disease state
Zlotos et al. UK Asynchronous 106 pre-registration | Pre-post-test and 6 Confidence increased significantly regarding
(2016) (Scotland) | avatars pharmacist trainees | months later — respecting patient, describing barriers to
Likert scale accessing care, recognising drug misuse
MCQ input symptoms, developing empathy,
Speech output and understanding ‘harm reduction’
animations Significant increase in test scores post-test

Significant decrease in scores between post-
test and 6-month (still significant
improvement from baseline)

Table 3-3: Presents the studies which were identified from the literature search as meeting the eligibility criteria and being included in the review.




3.5 Literature Review Findings

3.5.1 Overview of Findings

In total, 37 studies met the pre-defined literature review inclusion criteria (section 3.4.1). Of these
studies, three were review articles (one literature review specific to VP use in pharmacy, one
literature review regarding e-learning in pharmacy and one review of the use of VP technology in
pharmacy education by questioning pharmacy students), two were conference papers and the

remaining 32 were full evaluative studies, with or without a control measure.

There were eight different types of VP tools described in the literature (see Table 3-4). From the
descriptions provided in the studies, it was difficult to establish some of the VP tools used but, where
necessary, further investigation was carried out, such as going to the software developers’ websites.
For example, VPsim and DecisionSIM were used interchangeably in the literature with little
explanation as to the type of VP tool (i.e. how users input and how VP responds), but further
exploration found they utilise the same multimedia based output software (Kynectiv Inc., 2017,
MedBiquitous Consortium, 2017). One study provided the name of the VP programme used but no
information could be found regarding how the VP interacted with users (PharmaCAL). The most
common types of VP used in the evaluative studies were asynchronous avatars and those which
utilised various multi-media outputs. Although asynchronous avatars were commonly used, there was
a noted lack of standardisation with this type of tool; with variations in user interactions being
reported in the literature. Of the nine studies which reported their use, one reported using only free-
text inputs, five reported utilising MCQs or pre-populated options and three reported incorporating
both types of input. Five of the studies used text-only outputs from the VP and four integrated speech

with or without text.
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Differences in the utilisation of the VPs to provide feedback to users was also discovered in the
literature review. Feedback was provided by the VP itself in 16 studies, by faculty members in 11

studies and there was a lack of detail as to the provision of feedback in seven studies.

Type of VP tool Number of studies Specific Tools (No. of studies)

Text-based output 6 SIMPharm (1)

Video-based output (+/- text) | 3 SIMmersion (1)

Image-based output (+/- text) | 1 PharmaVP (1)

Multimedia output (video + 9 VPSim (5)

images + text) DecisionSIM (2)
TheraSim (1)
WebSP (1)

Animated output 2

Telephone based 1

Asynchronous avatars 9 MyDispense (2)
PharmaComm (1)
Shadow Health Digital Clinical
Experience (1)

Synchronous avatars 2 Second Life (2)

No Info. 1 PharmaCAL

Table 3-4 displays the number of different VP tools described in the literature.

The use of comparative studies was also of interest to the researchers. Review of the literature
identified that, of the 34 evaluative studies (32 evaluative studies and 2 conference papers), 24 of
them had no comparator to the VP, three had a control group, four compared VPs against paper-
based case studies, one compared VPs with standardised patients (SPs), one compared VPs with

lectures and one compared VPs with problem-based learning (PBL).

This literature review also identified that the majority of studies investigating VP use in pharmacy
education were undertaken in America, which correlates with the findings by Jabbur-lopes et al.
(2012). The split of the studies are as follows: 21 from the USA, four from the UK, four from Europe,

four from Australia, one from New Zealand, one from Brazil and two worldwide.

In addition to location of the studies, the subset of the participants was also of interest to determine

where the utility of VPs had primarily focused. The literature review found the majority of studies (33)
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evaluated VP use in pharmacy undergraduate education, however the quality assessment did
establish studies where the participants could have been explained in greater depth (see table 3.5
and Appendix 1). Two studies evaluated VPs in interprofessional education, one included
undergraduate pharmacists and pre-registration trainees, one included undergraduate pharmacists
and teaching staff and one included undergraduate pharmacists and qualified pharmacists. One study

evaluated VP use in pre-registration trainees and one evaluated their use in qualified pharmacists.

The literature was also reviewed for the types of data collection tools used. The most common
methods of data collection were exams to assess knowledge retention (11 studies) pre-post questions
to assess a range of knowledge or skills (14 studies) and evaluative surveys to obtain user satisfaction
with the VP tools (27 studies). Other methods of data collection included focus groups, subjective-
objective-assessment-plans (SOAPs), observations, care plans, SP consultations and presentations.
Results from this review are reinforced by those found by Smith et al. (2015) who also reported that

the most common data collection tools were pre-post quizzes, exams and satisfaction surveys.

All 37 included review studies were screened for their evaluations on VP use in pharmacy education
or training. Thematic analysis was conducted in accordance with Braun and Clarke (2006) which led to
the identification of the following themes, which will each be discussed in turn in sections 3.5.2 to

3.5.5.

e Use of VPs to improve knowledge
e Use of VPs to develop skills
e User satisfaction with VPs

® Technological issues associated with VPs
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3.5.2 Use of VPs to Improve Knowledge

Overall, the literature review indicated that VPs were useful tools to improve knowledge of both
undergraduate pharmacy students and postgraduate pharmacists in a wide range of areas. The
significance of results varied, with research finding significant improvements in knowledge on pre- to
post-quizzes (Chaikoolvatana and Goodyer, 2003; Battaglia et al., 2012; Benedict et al., 2013; McFalls,
2013; Al-Dahir et al., 2014; Smith et al., 2014, 2016; Lichvar et al., 2016; Zlotos et al., 2016; Taglieri et
al., 2017) but little significant difference when VPs were compared with other learning tools (Benedict
et al., 2013; Bindoff et al., 2014). One research study even found problem-based learning improved

student’s knowledge more significantly than VPs (Al-Dahir et al., 2014).

The literature also evaluated VP effects on knowledge retention. All research which included this as
an outcome found knowledge improvement from baseline but with varying significance. (Villaume et
al., 2006; Benedict and Schonder, 2011; Benedict et al., 2013; Smith et al., 2014; Lichvar et al., 2016;
Zlotos et al., 2016). When VPs were compared with lectures, although knowledge improved
significantly from baseline, there was no significant difference in the level of knowledge retention
between the two groups (Benedict et al., 2013). Research has also found a significant decrease in
knowledge 6-months after post-testing (Zlotos et al., 2016). These results indicate that VPs are
effective at improving knowledge (shown by users’ increase in knowledge from baseline) but
knowledge retention may not be superior to what is achieved by other learning tools and the

evidence for long-term knowledge gain is limited.

As well as investigating the effects on knowledge from the use of VPs, research has evaluated user’s
perceptions regarding the ability of VPs to improve their knowledge base. This is most commonly
conducted via Likert scales, with favourable results being reported. A large proportion of studies
reported that VPs were effective tools at developing new knowledge and reinforcing previously learnt

knowledge (Fuhrman Jr. et al., 2001; Zary et al., 2006; Orr, 2007; Benedict, 2010; Battaglia et al.,
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2012; Al-Dahir et al., 2014; Menendez et al., 2015; Olin and Cole, 2015; McDowell et al., 2016; Smith
et al., 2016). Lichvar et al. (2016) and Smith et al. (2014) reported that students used the VP for
independent learning after completion of the study due to the benefits they felt it provided to their
learning. Contrasting results have also been found, with students reporting VPs as ineffective tools to
acquire new knowledge (Douglass et al., 2013) with more direct learning tools (i.e. lectures) being
superior at this (Benedict et al., 2013). VPs have also been effective at identifying gaps in users’
knowledge and promoting self-directed learning; an essential skill for pharmacists to possess in

practice (Benedict et al., 2013; Olin and Cole, 2015; Lambertsen et al., 2017).

3.5.3 Use of VPs to Develop Skills

In addition to knowledge development, VPs have been reported as useful tools to aid the
development of a range of skills in undergraduate pharmacy students and postgraduate pharmacists.
When VPs have been compared with other learning tools, it has been found that the different tools
complement each other and are needed to develop different skills (Benedict, 2010; Loke et al., 2011;

Bindoff et al., 2014; Taglieri et al., 2017).

Most commonly reported in the literature is the development of communication skills by VPs
(Chaikoolvatana and Goodyer, 2003; Hussein and Kawahara, 2006; Orr, 2007; Fleming et al., 2009;
Bracegirdle and Chapman, 2010; Park and Summons, 2013a; Bindoff et al., 2014; Pereira and Cavaco,
2014; Ferrone et al., 2017; Taglieri et al., 2017). Those studies which utilised asynchronous avatars
most frequently discussed the development of communication skills with users reporting the
development of emotional intelligence and counselling skills after completing a simulation
(Bracegirdle and Chapman, 2010; Bindoff et al., 2014; Pereira and Cavaco, 2014; Ferrone et al., 2017;
Taglieri et al., 2017). The more interactive nature of asynchronous avatars may promote the

development of communication skills, thus, account for the increased reporting. When other types of
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VPs implement a more realistic user input (i.e. free-textual input, spoken input) communication skills
were also reported as being developed (Chaikoolvatana and Goodyer, 2003; Hussein and Kawahara,
2006; Orr, 2007; Fleming et al., 2009). Non-verbal communication skills were reported as difficult to
develop using VP technology and some users indicated this as a barrier to the simulation; particularly
in Second Life when users from different healthcare disciplines were interacting with each other in

avatar form (Seefeldt et al., 2012; Caylor et al., 2015).

The studies included in the review evaluated the development of communication skills in various
ways, including phone messages, presentations and by consultations with SPs, which have found
users are more thorough and confident with their questioning after using VPs (Chaikoolvatana and
Goodyer, 2003; Fleming et al., 2009; Taglieri et al., 2017). Written communication skills have also
been assessed via free-text input into the VP systems and have found to improve as the simulation
progresses or after multiple attempts (Orr, 2007; Bracegirdle and Chapman, 2010). When compared
with more traditional teaching methods, VPs have been found to be superior at aiding the
development of communication skills, specifically those related to brief interventions (Fleming et al.,
2009) and patient counselling (Bindoff et al., 2014; Ferrone et al., 2017). User’s perceptions of their
communication skills have also been reported via the use of Likert scales with reported improvement

after using a VP (Orr, 2007; Park and Summons, 2013a; Pereira and Cavaco, 2014).

A second area of improvement which has been reported after using VPs is user’s self-confidence (Park
and Summons, 2013a; Menendez et al., 2015; Olin and Cole, 2015; Barnett et al., 2016; McDowell et
al., 2016; Zlotos et al., 2016; Lambertsen et al., 2017; Taglieri et al., 2017). This includes confidence in
their own abilities, confidence to undertake tasks, confidence to interact with real patients and
confidence to pass their exams. Only one study which evaluated the development of user’s self-
confidence reported no improvement after using the VP, but individuals’ competence in completing

certain tasks was found to significantly improve, which may indicate difficulty in assessing self-
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confidence (Taglieri et al., 2017). Self-confidence has primarily been measured by Likert scales, with
one study reporting the use of focus groups instead. Both of these data collection methods are
associated with subjectivity of responses, which also illustrates the difficulty in assessing this area of

development.

Teamworking skills were also found to improve after the use of VPs. The literature included in this
review reported the use of synchronous avatars as a tool for interprofessional education (IPE) with
favourable results (Seefeldt et al., 2012; Caylor et al., 2015). This type of VP technology was found to
encourage users to work as a team and improve knowledge of IPE, as reported by findings from
faculty observations and user’s self-reporting. Studies have also evaluated the use of VPs as
teamworking tools in groups of pharmacy students, which found that VPs were able to improve this
and allowed students to learn from others in the group (Hussein and Kawahara, 2006; Orr, 2007). One
study reported contrasting results with students believing that VPs were not suitable as group
working tools and should have instead been used as independent learning tools to allow for better

assessment of individual learning needs (Olin and Cole, 2015).

Other skills have been described less commonly in the literature. VPs have been reported on self-
rating Likert scales to improve students problem-solving skills when used alone and have been
reported as superior to standard paper-based cases in doing this (Orr, 2007; Loke et al., 2011). VPs
have also been found to promote self-directed learning, with observations and assessments
illustrating that students utilised more resources when completing VP simulations than other learning
tools (Hussein and Kawahara, 2006; Lambertsen et al., 2017). Task-based skills, such as dispensing,
have also been reported to be enhanced by the use of VPs (Bindoff et al., 2014; McDowell et al.,
2016; Ferrone et al., 2017), indicating that VPs could be used to promote skill development in

practical aspects of a pharmacist’s role. Finally, VPs have been reported to aid in the development of
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‘accurate and consistent professional skills’; but no further explanation of what these skills were was

provided in the literature (Claudio et al., 2015).

3.5.4 User Satisfaction with VPs

As reported in the previous sections 3.5.2 and 3.5.3, many of the findings reported in the literature
have come from self-rating Likert scales (or other evaluative surveys). These surveys cover many

aspects related to the design of a VP, usefulness of a VP and enjoyment of using a VP.

The literature review shows users favourability towards the use of VPs, with reports of high levels of
enjoyment and interest by both undergraduate students and postgraduate pharmacists
(Chaikoolvatana and Goodyer, 2003; Zary et al., 2006; Benedict and Schonder, 2011; Benedict et al.,
2013; Smith et al., 2014, 2016; Menendez et al., 2015; Barnett et al., 2016; Ferrone et al., 2017;
Lambertsen et al., 2017). When VPs have been compared with other learning tools, studies have
reported various differences in enjoyment. Benedict (2010) evaluated the use of VPs in problem-
based learning (PBL) and found that students reported enjoying PBL more than using the VP. Barnett
et al. (2016) compared VPs and paper-based case studies and found students reported greater
enjoyment at completing the VP case. This has also been reported by students in lower levels of
education in a study by Bindoff et al. (2014), who found that third year students enjoyed completing
the VP case more than the paper-based case, but fourth year students enjoyed the paper-based case
more. This was attributed to the difficulty level of the cases created (at a third year level) thus, fourth
year students may have found them too easy. However, both sets of students reported greater

engagement with the VP.

Students may have reported engaging with the VP more because of the sense of ‘emotional
engagement’ it encourages, as reported by Bracegirdle and Chapman (2010). A number of studies

reported that user’s felt the VP created a sense of responsibility, due to their individual actions and
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decisions affecting the outcomes of the VP, which was not reported from completing the paper-based
case studies (Hussein and Kawahara, 2006; Benedict and Schonder, 2011; Loke et al., 2011; Smith et
al., 2014; Menendez et al., 2015). For example, in the study by Lambertson et al. (2017) the VP’s vital
signs changed based on user’s decisions, which allowed them to see how their actions may affect a

real-life patient.

Users also reported that the VP created a safe learning environment, where they could apply their
knowledge and were not afraid to make and learn from their mistakes (Hussein and Kawahara, 2006;
Benedict and Schonder, 2011; Smith et al., 2014; Smith and Benedict, 2015; Lichvar et al., 2016;
McDowell et al., 2016; Ferrone et al., 2017; Lambertsen et al., 2017). One of the design aspects of the
VP which was reported to aid learning was the provision of immediate, individualised feedback based
on a user’s actions (Benedict and Schonder, 2011; Claudio et al., 2015; Olin and Cole, 2015; McDowell
et al., 2016; Lambertsen et al., 2017). Some studies reported providing incremental feedback as a
case progressed (Fleming et al., 2009; Battaglia et al., 2012; Al-Dahir et al., 2014; Pereira and Cavaco,
2014; Olin and Cole, 2015; Barnett et al., 2016; Lichvar et al., 2016; Ferrone et al., 2017; Lambertsen
et al., 2017) whereas others reported the provision of feedback at the end of a VP simulation (Zary et
al., 2006; Bracegirdle and Chapman, 2010; Douglass et al., 2013; Bindoff et al., 2014; Claudio et al.,
2015). Those studies which utilised computer telephony (Hussein and Kawahara, 2006) and email-
based VPs (Orr, 2007) described taking longer to provide their students with feedback, but all

provisions of feedback were received well and reported as a useful aspect of the VP design.

Another element commonly included in the evaluative surveys was the ease of use of the VP. Users
generally perceived the VP as easy to use; specific technological issues impacting their ease of use are
described in the next section (Chaikoolvatana and Goodyer, 2003; Zary et al., 2006; Marriott, 2007b;
Benedict and Schonder, 2011; Bindoff et al., 2014; Claudio et al., 2015; Ferrone et al., 2017; Taglieri et

al., 2017). In addition to being easy to use, VPs were reported as innovative learning tools by both
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undergraduate students and postgraduate pharmacists (Hussein and Kawahara, 2006; Orr, 2007,
Menendez et al., 2015). This may be because of their limited use in pharmacy education. The
literature reviews which have been undertaken (including this one) report few studies which have
evaluated VP use in pharmacy (Cavaco and Madeira, 2012; Jabbur-lopes et al., 2012; Smith and
Benedict, 2015). Since these reviews, research evaluating VP use in pharmacy has increased and the
literature pool is becoming more inclusive (as evidenced by this current literature review); however, it

still lags behind that of medicine and nursing, as noted from the literature review in Chapter 2.

Another aspect of VPs which is commonly evaluated by self-reporting surveys is their realism. The
majority of studies in this review reported that user’s felt the VPs were realistic and, when compared
with paper-based methods, were reported as being more realistic (Zary et al., 2006; Hussein and
Kawahara, 2006; Marriott, 2007b; Orr, 2007; Loke et al., 2011; Claudio et al., 2015; Menendez et al.,
2015; Barnett et al., 2016; McDowell et al., 2016; Taglieri et al., 2017; Ferrone et al., 2017;
Lambertsen et al., 2017). The most common aspects associated to realism which are evaluated relate
to the design of the VP (i.e. interactivity, authenticity, scope, clinical environment) and the case study
topics (similar to real-world patients or issues). The different types of VPs have been reported as
realistic, but no studies have directly compared the different VP tools, which may be useful to

determine the aspects of VPs which are particularly important at increasing their realism.

Undergraduate students, postgraduate pharmacists and faculty members who participated in the
studies included in this review, believed that VPs were useful learning tools and felt they should be
utilised more in all areas of pharmacy education and CPD (Benedict and Schonder, 2011; Cavaco and
Madeira, 2012; Park and Summons, 2013a; Smith et al., 2014, 2016; Claudio et al., 2015; Olin and

Cole, 2015; Ferrone et al., 2017; Lambertsen et al., 2017).
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3.5.5 Technological Issues Associated with VPs

In addition to the positive findings on the evaluative surveys, negative comments relating to issues
with VP technology were also reported in the literature. One of the most common problems with
using the VPs was the lack of training and thus difficulty in using the tools, although upon further
review of the literature, specific explanations relating to areas of difficulty were limited (Bindoff et al.,
2014; McDowell et al., 2016; Ferrone et al., 2017). Where further explanations were provided, the
main problems seemed to be regarding navigation around the VP programmes and issues with the
keyword recognition software not understanding users’ inputs (Chaikoolvatana and Goodyer, 2003;
Caylor et al., 2015). These problems seemed to cause user frustration but did not detract from the
learning experience. Other issues included glitches in the software which led to the VP crashing or
taking too long to connect (Hussein and Kawahara, 2006; McDowell et al., 2016; Taglieri et al., 2017).
Users also reported the VP cases taking too long to complete, yet these studies also reported
improvements in knowledge, skills and enjoyment in completing the case studies, so again, the time-
consuming nature didn’t appear to detract from the learning experience (Chaikoolvatana and

Goodyer, 2003; Hussein and Kawahara, 2006; Taglieri et al., 2017).

The most prominent issue with the more animated VPs related to the design of the VP. Some studies
found that, although the VP cases were more realistic than other learning tools, the appearance of
the avatar or interactions between the user and the avatar were unrealistic (Park and Summons,
2013a; Bindoff et al., 2014; Claudio et al., 2015; McDowell et al., 2016; Taglieri et al., 2017). Where
simple dialogue was used (i.e. selecting pre-defined options), this was reported to affect immersion in
the simulation and their realistic nature (Bindoff et al., 2014). Other users reported, particularly with
asynchronous avatars, issues with synchronisation of the VPs speech, expressions, animations and

textual components (Claudio et al., 2015).
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3.6 Limitations of Studies in this Review

Upon review of the studies, there were many limitations which ultimately led to difficulty in assessing
study quality. The checklist created by Morrison et al. (1999) was used to critically appraise the
studies in this review. Table 3.5 presents the main quality assessment criteria, and a further,
elaborative table of the quality assessment of the 37 included review studies is provided in Appendix
1. The most notable limitations were with VP descriptions, participant descriptions, reliability or

validity of the data collection tools and an explanation of other or unexpected findings.

Learning . Methods/ Secondary Un-
Educational . . . .
Paper need Intervention Study Outcomes | explanation anticipated
context )
Design outcomes

Al-Dahir et al.
(2014) Yes Yes Partly Yes Yes Yes Yes
Barnett et al.
(2016) Yes Yes Yes Yes No Yes Yes
angtlazg)lla etal. Yes Yes Yes Yes No Yes Yes
Benedict (2010) Yes Yes Partly Yes No Yes Yes
Benedict and
Schonder Yes Yes Partly Yes No Yes Yes
(2011)
Benedict et al.
(2013) Yes Yes Partly Yes Yes Yes Yes
Bindoff et al.
(2014) Yes Yes Yes Yes No Yes Yes
Bracegirdle and
Chapman Yes Yes Yes Yes No Yes No
(2010)
Cavaco and
Madeira Yes Yes N/A Yes No Yes No
(2012)
Caylor et al.
(2015) Yes Yes Yes Yes Yes Yes Yes
Chaikoolvatana
?znglogfodver Yes Yes Yes Yes No Yes Yes
(Czlgti(;l)o etal. Yes Yes Yes Yes No No No
?z(alig?’l)ass etal. Yes Yes Yes Yes Yes Yes Yes
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Learning . Methods/ Secondary Un-
Educational . . ..
Paper need Intervention Study Outcomes | explanation anticipated
context .
Design outcomes

Ferrone et al.
(2017) Yes Yes Yes Yes No Yes Yes
Fleming et al. Yes Yes Yes Yes Yes Yes No
(2009)
Fuhrman Jr. et
al. Yes Yes Yes Yes No No No
(2001)
Hussein and Yes Yes Yes Yes No Yes Yes
Kawahara (2006)
Jabbur-lopes et
al. Yes N/A Yes Yes No Yes No
(2012)
Lambertsen et
al. Yes Yes Yes Yes No Yes Yes
(2017)
I(.;(E)hlv(;r etal. Yes Yes Yes Yes Yes Yes Yes
I(';gfle;t al Yes Yes Yes Yes Yes No No
Marriott
(2007) Yes Yes Yes Yes No Yes No
McDowell et al.
(2016) Yes Yes Yes Yes No No No
McFalls
(2013) Yes Yes Partly Yes No No No
Menendez et al.
(2015) Yes Partly Yes Yes Partly No No
Olin and Cole
(2015) Yes Yes Partly Yes No Yes Yes
Orr
(2007) Yes Partly Yes Yes No Yes Yes
Park and
Summons No Partly Yes Yes No No No
(2013a)
Pereira and
Cavaco Yes Yes Yes Yes No Yes Yes
(2014)
(S:(?I;I)dt etal. Yes Yes Yes Yes No Yes No
Smith and
Benedict Yes N/A Yes Yes No No No
(2015)
Smith et al.
(2014) Yes Yes Partly Yes Partly Yes Yes
(Szrgl;g)et al Yes Yes Partly Yes Partly Yes No
-(r:g:lll;)” etal. Yes Yes Yes Yes No Yes Yes
Villaume et al. Yes Partl Yes Yes No No Yes
(2006) v
Zary et al.
(2006) Yes Yes Yes Yes No No No
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Learning . Methods/ Secondary Un-
Educational . R L.
Paper need Intervention Study Outcomes | explanation anticipated
context .
Design outcomes
Zlotos et al.
(2016) Yes Yes Yes Yes No Yes No

Table 3-5 displays a summary of the quality assurance criteria for each of the 37 studies in the
literature review based on the checklist by Morrison et al. (1999). Further explanation is provided
in Appendix 1; particularly where studies have only ‘partly’ met a criteria.

The first limitation to be noted was the lack of variation in participants recruited across the studies.
The majority of studies evaluated the use of VPs with undergraduate pharmacy students but only five
studies recruited from two or more schools of pharmacy or different year groups. This reduces the
generalisability of the results to students different to those studied. Four studies were associated
with poor explanations of participants, such as not describing what year of study the participants
were in, which affected their quality assessment (Menendez et al., 2015; Orr, 2007; Park and
Summons, 2013a; Villaume et al., 2006). A second problem related to the participants was the lack of
power calculations to select a sample size which would obtain statistically significant results. A power
calculation is required when trying to determine superiority of learning tools and it was found to be
missing or not sufficiently reported in the literature; with four studies making reference to their lack
of calculating one but no others mentioning it in any context (Al-Dahir et al., 2014; Bindoff et al.,

2014; Pereira and Cavaco, 2014; Barnett et al., 2016).

All studies were associated with appropriate methods and study design. A large proportion of the
data collection tools used in the literature were self-reporting evaluative surveys, which are
associated with limitations. They are useful to obtain participants thoughts, feelings and attitudes but
it can be difficult to ensure data obtained is valid and reliable (see discussion below). It is also difficult
to ascertain that all participants read and interpret questions the same and completing a
questionnaire does not allow for clarification on questions. When Likert statements are used, there is

also the worry that participants may not be able to put themselves into an absolute category or may
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answer in a way which they think they should; which can lead to untrustworthy data (see Chapter 4

for greater discussion of these points).

To assess the methodological design of a study, the detailed content of the self-reporting data
collection tool is required. Of the 27 studies which included a self-reporting evaluative survey, 23 of
these reported one or more of the questions which were asked (Fuhrman Jr. et al., 2001;
Chaikoolvatana and Goodyer, 2003; Hussein and Kawahara, 2006; Zary et al., 2006; Marriott, 2007b;
Orr, 2007; Benedict and Schonder, 2011; Seefeldt et al., 2012; Battaglia et al., 2012; Cavaco and
Madeira, 2012; McFalls, 2013; Park and Summons, 2013a; Benedict et al., 2013; Douglass et al., 2013;
Al-Dahir et al., 2014; Smith et al., 2014, 2016; Bindoff et al., 2014; Menendez et al., 2015; Olin and
Cole, 2015; Barnett et al., 2016; McDowell et al., 2016; Taglieri et al., 2017; Ferrone et al., 2017). The
remaining four studies made no reference to the questions that were asked (Benedict, 2010; Pereira
and Cavaco, 2014; Caylor et al., 2015; Claudio et al., 2015). Throughout the literature there was
limited information regarding the validity of the survey-based data collection tools used. Few papers
discussed the use of pre-validated tools or the creation of new tools, with only three studies reporting
the Cronbach alpha (score of reliability) of their questionnaire (Al-Dahir et al., 2014; Caylor et al.,
2015; Barnett et al., 2016). Two of the studies reported using focus groups, in which one included the
general themes which were explored (Lambertsen et al., 2017) and one did not (Loke et al., 2011),
which again makes it difficult to assess the quality of methods used and determine whether

appropriate conclusions have been drawn from the data.

A second problem related to the data collection is a lack of information regarding the personnel
conducting the focus groups, observations or assessments. Interviewer bias can arise in interviews or
when facilitating questionnaires and including information of the individual(s) collecting the data can
help to assess the bias present. Out of the 30 studies which utilised surveys, focus groups or

observations, 15 did not provide any information regarding the personnel collecting the data, six
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studies reported faculty members (Douglass et al., 2013; McFalls, 2013; Smith et al., 2014; Caylor et
al., 2015; Olin and Cole, 2015; Lichvar et al., 2016), six studies reported the researchers
(Chaikoolvatana and Goodyer, 2003; Hussein and Kawahara, 2006; Loke et al., 2011; Claudio et al.,
2015; Ferrone et al., 2017; Lambertsen et al., 2017), two studies reported that the surveys were
integrated into the VP system (Seefeldt et al., 2012; Pereira and Cavaco, 2014) and one study
reported an external company providing the survey (Taglieri et al., 2017). The majority of these
studies investigated the use of the VP in undergraduate students, which may have led to a power

imbalance if those who carried out the data collection were known to the students.

Another limitation of the studies was the lack of information regarding the types of VP tools which
were used. Having little explanation regarding this made it difficult for accurate representations of
the types of VP tools used in pharmacy education or to make comparisons between the studies to
determine differences in effectiveness of the tools. As already reported in section 3.5.1, one study
provided little information on the VP tool used and seven provided the name of the tool but no
further explanation regarding the interactions between the users and the VP. This is reflected in table
3.5 which indicates that eight of the studies were only assessed as having partly described the
intervention (Al-Dahir et al., 2014; Benedict, 2010; Benedict and Schonder, 2011; Benedict et al.,

2013; McFalls, 2013; Olin and Cole, 2015; Smith et al., 2014; Smith et al., 2016).

A final limitation of the studies as determined by the quality assessment was the lack of ‘other
explanations of outcomes’ or discussion of unanticipated outcomes. Ten of the studies did not
provide any other explanation of their results, e.g. if students were not positive regarding their
experience or an aspect of the VP then this was reported but no further explanations were discussed.
In addition, there was no discussion on aspects of bias or maturation (Claudio et al., 2015; Fuhrman
Jr. et al., 2001; Loke et al., 2011; McDowell et al., 2016; McFalls, 2013; Menendez et al., 2015; Park

and Summons, 2013a; Smith and Benedict, 2015; Villaume et al., 2006; Zary et al., 2006). Similarly,
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seven of the studies did not discuss any unanticipated findings; they may have reported them but did
not explore them further (Bracegirdle and Chapman, 2010; Cavaco and Madeira, 2012; Claudio et al.,
2015; Fleming et al., 2009; Fuhrman Jr. et al., 2001; Jabbur-Lopes et al., 2012; Loke et al., 2011;
Marriott, 2007; McDowell et al., 2016; McFalls 2013; Menendez et al., 2015; Park and Summons,
2013a; Seefeldt et al., 2012; Smith and Benedict 2015, Smith et al., 2016; Zary et al., 2006; Zlotos et
al., 2016). These limitations affected the quality of the studies as there was a lack of assurance that

the findings have been explored thoroughly.

3.7 The Virtual Patient and Pre-registration Training

During the pre-registration year, pharmacy graduates are required to demonstrate their competence
relating to a defined set of standards, without which they are unable to sit the registration
examination (see Chapter 1, section 1.4.1). As pre-registration trainees complete all, or the majority,
of their training in a single sector it can be difficult for them to have sufficient experiences to progress
to the top level of Millers Triangle for all competencies, as discussed in section 1.4 (Miller, 1990). The
level of support which pre-registration trainees receive throughout the training year has also been
found to vary (Blenkinsopp et al., 2013, 2015; Mills et al., 2013; Jee, Schafheutle, et al., 2016a). A
noticeable difference between pre-registration sector training and examination results has been
acknowledged which may be attributed to the variable experiences and levels of support identified
(GPhC, 2015a). Previous research that has evaluated VPs in education has established them as
realistic and engaging learning tools which are able to improve the knowledge and skills of healthcare
professionals and have been met with high levels of user satisfaction (Chaikoolvatana and Goodyer,
2003; Orr, 2007; Burke et al., 2008; Cook and Triola, 2009; Bracegirdle and Chapman, 2010; Battaglia
et al., 2012). VPs may therefore be beneficial learning tools to bridge the variation gap found within

and between sectors of pre-registration training.
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Advances in technology and its increasing use in healthcare has led to greater interest in how
technology can be used in the education and training of healthcare professionals (Aldrich, 2005;
Duque et al., 2008). When considering how VPs may support the pre-registration training year, the
features described by Issenberg et al. (2005) regarding high-fidelity simulations and effective learning
need to be reviewed. VP simulations can be designed for clinical and non-clinical topics, varying levels
of difficulties and to meet a range of learning objectives (Chapman, 2012). Previous research has
found VP technology can successfully simulate situations which may rarely occur in practice or those
which may be associated with ethical issues, such as consultations with mental health patients,
children or substance misuse patients (Kenny et al., 2008; Fleming et al., 2009; Zlotos et al., 2016). It
may not always be appropriate for pre-registration trainees to observe certain consultations or
activities which occur, and the ability to simulate these kinds of experiences offers a huge benefit and
illustrates the ability of VPs to meet the ‘effective learning tool criteria’ related to creating

simulations which have a range of difficulties, clinical variation and defined outcomes.

A sense of authenticity has also been identified as a feature of effective learning. Various types of VP
tools have been described in the literature but all have been associated with a greater interactivity
and sense of realism than standard paper-based cases (or other more traditional learning tools). VPs
have also been identified as tools which allow users to apply their learning, which may help pre-

registration trainees ‘show’ their competencies within the experiences they haven’t had.

Another aspect of VP simulations which meets the effective learning tool criteria is the promotion of
individualised learning. VPs have been created as flexible, independent learning tools which users can
choose to engage with. Pre-registration trainees may enjoy the flexible aspect of VPs as they can
complete the simulations in a short period of time and as such can fit them in with their other training
requirements. Additionally, the use of VPs in combination with other learning tools allows for a more

blended teaching approach, which may result in more competent, well-rounded pharmacists, as it has
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been established that different learning tools are useful for different kinds and levels of skill or
knowledge development (Hicks et al., 2009; Ker and Bradley, 2010; Jeffries et al., 2011; Lin et al.,

2011; Kononowicz et al., 2012).

Repetitive practice and a controlled environment have also been identified as aspects of effective
learning. VPs can be used repetitively by pre-registration trainees to improve their competence of
new skills and knowledge before qualifying. In VP simulations, users assume the role of a healthcare
professional in a safe and controlled environment, without compromising patient safety. The
outcome of a VP simulation is directly related to user input which may encourage repetitive practice
and allow individuals to learn from their mistakes. This may encourage a sense of clinical
responsibility within pre-registration trainees which can be difficult to emulate with other learning
tools. The provision of immediate, individualised feedback, which is also an aspect of VPs, has been
established as a feature of effective learning. For pre-registration trainees, this may be beneficial for
them to understand how well they performed and how to improve before completing the simulation
again. This may also invoke the practice of self-directed and reflective learning which are essential
skills for pre-registration trainees to develop and may help with the commitment to CPD throughout

their career (Zary et al., 2006; Huwendiek et al., 2009; Benedict et al., 2013).

3.8 Chapter Summary

The systematic review undertaken has established the reduced amount of research regarding VP use
in pharmacy education compared to other health professions. This review has identified that the

literature contains numerous examples of different types of VPs in pharmacy education. Many of the
studies contained little information regarding the type of VP used which made it difficult to compare
studies and understand which aspects of VPs are most beneficial to the learning process. In addition,

most research has been conducted in the USA with few studies looking at their use in UK-based
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pharmacy curricula. The majority of the research has investigated their use in undergraduate
education, with one study solely evaluating their use in pre-registration training in the UK, however
this was related to a specific area of substance misuse, thus there is scope for further research in this

level of training to be conducted.

Most studies utilised qualitative methods of data collection which found high proportions of
satisfaction with VPs as a learning tool, but little statistical significance has been obtained regarding
their effectiveness as learning tools. There were few studies which reported the validity or reliability
of their data collection tools, which called into question study quality. Additionally, there has been a
noted lack of comparative studies which has made it difficult to determine the usefulness of VPs

compared with more traditional learning techniques.

Overall, the literature largely supports VP use as learning tools. VPs have been reported to be useful
learning tools, have aided the development of knowledge and skills and have been associated with
high user satisfaction. The results from the narrative review indicate that users were able to engage
with the VPs at increasingly meaningful levels, reaching Bloom’s taxonomy (Bloom, 1984) levels of
analysis and synthesis. Due to the technological nature of the VPs, software limitations were noted,
but these did not prevent users from meeting the intended learning outcomes. VP technology has the
potential to be an innovative and effective educational tool in pharmacy education, particularly for
optimising the teaching of pharmaceutical care. Future research needs to focus on the validation of
VP tools and how and when these should be integrated into both undergraduate curricula and

postgraduate training.

The methodological considerations and approaches to the programme of work are discussed in the

next chapter.
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4. Methodology

4.1 Introduction

This chapter discuss the methodology of the research study. Section 4.2 begins with discussing the
choice of the methodology, identifying the differences between qualitative, quantitative and mixed
methods research. Philosophical perspectives underlying the methodology choice are discussed in
section 4.3. The study design is discussed in section 4.4 and the reasoning for the adoption of a
mixed method design in this research is explained in section 4.5. The issues of quality in research are

discussed in section 4.6. A chapter summary is provided in section 4.7.

4.2 Philosophical Perspectives

Philosophical perspectives can be considered as:

“.. a set of basic beliefs (or metaphysics) that deals with ultimates or first principles.
It represents a worldview that defines, for its holder, the nature of the ‘world’, the
individual's place in it, and the range of possible relationships to that world and its

parts...” (Guba and Lincoln, 1994).

Creswell (2014) uses the term ‘worldview’ to define what others may have named ‘paradigms’ or

‘epistemologies and ontologies’ and defines a worldview as:

“... a general philosophical orientation about the world and the nature of research
that a researcher brings to a study. Worldviews arise based on discipline orientations,

students’ advisors/mentors inclinations, and past research experiences.”
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This implies a researcher’s worldview influences the decisions they make in adopting a research
methodology. The worldview from which this research was created was shaped by the background of
the lead researcher (JT), the research supervisors and the literature review which uncovered the use
of both qualitative and quantitative methods as a means for exploring simulation and VP technology

in education (Chapter 2 and Chapter 3).

When discussing worldviews, two associated theoretical considerations are ontology and
epistemology. Broadly speaking ontology is the nature of reality and has been defined as “...the ideas
about the existence of and relationship between the people, society and world in general” (Eriksson
and Kovalainen, 2008). In contrast, epistemology is the theory of knowledge. Itis “...the branch of
philosophy that deals with questions concerning the nature, scope, and sources of knowledge”
(Derose, 2005). A significant concern of epistemology is what counts as ‘legitimate knowledge’(Braun
and Clarke, 2013). This is particularly related to how different disciplines determine and accept
knowledge, and whether the natural sciences and social sciences can and should be studied using the
same “‘principles, procedures and ethos” (Bryman, 2012). Therefore, a single definition of the term
‘knowledge’ is difficult to attain. Moser et al. (1998) note that “...a theory of knowledge may have to
explain a variety of specific concepts of knowledge as well as a common general concept of
knowledge underlying the various specific components”. In other words, a general meaning of
‘knowledge’ can be given to all disciplines but consideration also needs to be given to how knowledge

may be perceived by different people, different countries, different levels or courses of education.

To a greater or lesser extent, research and researchers themselves may be classified depending on
their ontological and epistemological views of knowledge and reality and their existence in relation to
human practices and understandings (Bryman, 2012). According to Rolfe (2013) “all researchers work

within frameworks or paradigms of underpinning philosophical assumptions about the nature of
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knowledge (epistemology), the nature of reality (ontology) and philosophy of science”. Qualitative
and quantitative research are associated with different ontological and epistemological positions but
the theories behind research methods are essentially just viewpoints and not specific guidelines to
abide by. Researchers do not necessarily hold fixed epistemological views, they may change

depending on the chosen research design.

Quantitative methods tend to be linked to a positivist paradigm (Tashakkori and Teddlie, 1998;
Onwuegbuzie, 2000; Creswell and Plano Clark, 2011; Creswell, 2014). Positivists may portray more
deterministic and reductionist characteristics which lead them to apply cause-and-effect logic to
problems (Creswell, 2014). They may associate themselves with falsifiability, a principle made famous
by Popper (1965), which requires the testing of hypotheses against a specific set of variables for
something to be considered scientific research. This type of research primarily generates ‘objective’
data, such that psychological and social phenomena may be viewed as having an objective reality that
is independent of the subjects being studied to allow for theory verification (Onwuegbuzie and Leech,
2007b; Creswell and Plano Clark, 2011; Yilmaz, 2013). With respect to ontological differences,
theoretically, positivists may believe in a single reality which can be deduced from a standardised test
or intervention (Tashakkori and Teddlie, 1998; Johnson and Onwuegbuzie, 2004; Yilmaz, 2013).
Positivists also seemingly contend that reality should be studied objectively, as a researcher and the
subjects are viewed as separate and independent from one another (Tashakkori and Teddlie, 1998;

Yilmaz, 2013).

In contrast, qualitative methods are usually considered to be more interpretavist, or constructivist,
and go against the assumptions of positivists (Johnson and Onwuegbuzie, 2004). Instead,
constructivists predominantly seek understandings of phenomena and may explore multiple
participant meanings to generate a theory or pattern of views (Creswell, 2014). Constructivist

researchers recognise that findings are subjective and reality or knowledge is socially and
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psychologically constructed; there is no objective reality in social research to discover (Onwuegbuzie
and Leech, 2003; Creswell and Plano Clark, 2011; Yilmaz, 2013; Creswell, 2014). They tend to believe
that there are multiple, socially constructed realities which are open to interpretation from different
researchers that are all equally valid (Onwuegbuzie and Leech, 2003; Yilmaz, 2013). Constructivists
also tend to believe that a researcher and object of study are dependent on each other, which results
in the researcher positioning themselves as close as possible to the concepts being studied

(Onwuegbuzie and Leech, 2003; Yilmaz, 2013).

A mixed methods approach, utilises both quantitative and qualitative methodologies and as such
takes an almost dual philosophical stance known as pragmatism (Tashakkori and Teddlie, 1998;
Onwuegbuzie, 2000; Maxcy, 2003; Creswell and Plano Clark, 2011). Pragmatists may consider the
research question to be more important than the method or the worldview held by the researcher
(Howe, 1988; Tashakkori and Teddlie, 1998; Johnson and Onwuegbuzie, 2004; Feilzer, 2010). Indeed,
the connection between research methodology and philosophical views has been described as being
a ‘mere association’ and not the deterministic factor in deciding how a research question should be
approached (Bryman, 2012). Researchers should make the most efficient use of the different
methodologies to better understand social phenomena rather than focusing on which worldview is

held up by the methodological choice (Tashakkori and Teddlie, 1998; Greene and Caracelli, 2003).

Pragmatists seemingly understand that research is influenced by theory, hypotheses, observations,
facts, and evidence and individuals should use both inductive and deductive logic to obtain results.
The use of dual methodologies leads to the generation of different types of data (quantitative and
qualitative) which can be triangulated to give a deeper insight to answer the research questions.
Pragmatists may entertain the existence of causal relationships, but also agree that they may not be
able to pin down many of these relationships due to the many variables and potentially socially

contingent nature of data obtained (Tashakkori and Teddlie, 1998; Creswell, 2014). They tend to
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accept external reality and believe that values play a role in the interpretation of results, utilising both
subjective and objective data depending on the research question and choose the explanations that

best produce desired outcomes.

In the case of this research, the use of mixed methods acknowledges the constructivist nature of
individuals’ experiences (relating to VP technology and pre-registration training) whilst also
attempting to obtain a more objective, standardised view on a social construct (effectiveness of VP

technology as a training tool).

4.3 Choice of Research Methodology

Methodology refers to a specific framework within which research is conducted. Braun and Clarke

(2013) describe methodology as:

“... a theory of how research needs to proceed, to produce valid knowledge about the
psychological and social world. It is what makes our research make sense, both in

terms of design, and in terms of process.”

This is different to research ‘methods’ which refers to a tool or technique for collecting or analysing

data and are discussed in relation to this research in Chapter 5.

4.3.1 Qualitative Research

Over the past decade, qualitative methods have become utilised to a greater extent in areas such as

health services research and health technology assessments (Mays and Pope, 2000).

The goal of qualitative research has been described as:
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“...the development of concepts which help us to understand social phenomena in
natural (rather than experimental) settings, giving due emphasis to the meanings,

experiences, and views of all the participants” (Pope and Mays, 1995).

In the broadest sense of the term, qualitative research uses words as data and is more specifically
concerned with explanations and descriptions of events or phenomena. It tends to rely on an
inductive view of the relationship between theory and research and aims to generate theories from
the data obtained rather than testing specific pre-created hypotheses or principles (Pope and Mays,
1995; Bryman, 2012). Qualitative researchers usually seek to provide meaning to research questions
and the interpretation of social phenomena whilst understanding that data is produced in a socially
contingent context and is subjective, thus they don’t seek to make generalisable conclusions (Basit,
2010; Bryman, 2012; Braun and Clarke, 2013). Data is therefore created in the context of a particular

set of participants at a specific time.

The data obtained tends to be richer and more descriptive than from quantitative methods, which
may provide a more detailed understanding of social phenomena. This may be useful depending on
the research aim but prevents statistically significant conclusions to be drawn (Johnson and
Onwuegbuzie, 2004). Researchers work to uncover patterns within the data, although differences can
also be explored and comparisons made, which establishes qualitative research as a more preferable

approach to address research areas that are poorly understood.

Johnson and Onwuegbuzie (2004) discuss the importance of considering the strengths and
weaknesses of methodological approaches when deciding upon a research design. The use of
qualitative methods was considered appropriate for this research because the evaluation of VPs in

pre-registration pharmacist training was found to be an under-researched area (as determined by the
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systematic review in Chapter 3), therefore a deeper understanding relating to their effectiveness as

learning tools was sought by the research team.

4.3.2 Quantitative Research
In contrast to qualitative research, quantitative research is associated with measurements and

statistical significance to illustrate the effectiveness of an intervention. It has been broadly defined as:

“... a type of empirical research into a social phenomenon or human problem, testing
a theory consisting of variables which are measured with numbers and analysed with
statistics in order to determine if the theory explains or predicts phenomena of

interest” (Yilmaz, 2013).

In contrast to qualitative research, quantitative methods usually seek to identify relationships
between variables, test hypotheses and generalise findings to a wider population (Basit, 2010;
Bryman, 2012). It tends to be more deductive in its nature and often tests theories which have been
previously created rather than generating new theories specific to that dataset (Pope and Mays,
1995; Pierce, 2013). Quantitative research seemingly views the social world as objective and assumes
clear cause-and-effect relationships which can be statistically analysed (Basit, 2010; Bryman, 2012).
Quantitative data may be considered as ‘shallow’ in the sense that there may be little exploratory
detail obtained from participants; an intervention is statistically tested but perceptions or reasons are

not sought which may prevent understanding of a phenomena (Braun and Clarke, 2013).

The use of quantitative methods was considered appropriate for this research because the evaluation
of VPs in pre-registration training is an under-researched area. The effectiveness of VPs as a learning
tool in pre-registration training was considered an essential outcome of the study and the use of
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statistics was the most appropriate method at investigating this, by determining the significance of

knowledge improvement.

4.3.3 Mixed Methods Research

Mixed methods research was first used by Campbell and Fiske in 1959 but remained an unpopular
methodology until the 1980’s (Teddlie and Tashakkori, 2003; Bryman, 2006; Johnson et al., 2007;
Creswell and Plano Clark, 2011). Mixed methods research, as a methodology, has been applied widely
in many fields of social science, including sociology, education and health science (Sale et al., 2002;
Bryman, 2006). There is still no precise definition of mixed methods research but has been loosely

defined by Tashakkori & Teddlie (1998) as:

“..the combination of qualitative and quantitative approaches in the methodology of

a study.”

The definition has since progressed to focus primarily on the viewpoints and theoretical perspectives

underpinning the methodological choice:

“... an approach to knowledge (theory and practice) that attempts to consider
multiple viewpoints, perspectives, positions, and standpoints (always including the

standpoints of qualitative and quantitative research)” (Johnson et al., 2007).

Further advances in mixed methods research has now established the research question as the

determining factor of a methodology choice:
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“... an approach to inquiry involving collecting both quantitative and qualitative data,
integrating the two forms of data, and using distinct designs that may involve
philosophical assumptions and theoretical frameworks. The core assumption of this
form of inquiry is that the combination of qualitative and quantitative approaches
provides a more complete understanding of a research problem than either approach

alone” (Creswell, 2014).

The overall aim of a research study can have multiple objectives which may be difficult to answer
using a single methodological approach (as each is associated with certain general principles and
characteristics) (Johnson and Onwuegbuzie, 2004). No single research approach can discover absolute
truths as all approaches provide partial depictions of reality and as such, many research questions are
best and most fully answered through mixed methods (Greene and Caracelli, 2003; Onwuegbuzie and

Leech, 2003; Johnson and Onwuegbuzie, 2004; Creswell and Plano Clark, 2011).

The combination of both qualitative and quantitative methodologies in a piece of research has the
potential to complement the strengths and minimise the weaknesses associated with each individual
approach (Creswell et al., 2003; Morse, 2003; McLaren, 2013). For example, quantitative research
may be weaker at understanding the context in which people talk and voices of participants may not
be directly heard, which can instead be achieved in qualitative research. In contrast, interpretations
of qualitative data are subjective to the individual researcher, whereas quantitative researchers tend
to place themselves in the background of a research study to try and prevent their personal views
affecting data collection or analysis (Creswell, 2014). Mixed methods enables research findings to be
generalised to a population (as in quantitative research) and allows for a detailed exploration of a
concept to be created (as in qualitative research) (Creswell and Plano Clark, 2011; Creswell, 2014).

Data obtained in mixed methods research can also be triangulated to provide a more comprehensive
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picture than single studies can do alone. As a result, mixed method approaches have been found to
provide stronger inferences between datasets and a greater opportunity to present divergent views

(Greene et al., 1989; Creswell et al., 2003; Onwuegbuzie and Leech, 2003).

One of the main barriers to the utilisation of mixed methods research is the lack of understood
philosophical foundation (as presented in section 4.2). Previous theories contend that researchers
should always work within a qualitative or quantitative framework (Howe, 1988; Guba and Lincoln,
1994; Onwuegbuzie and Leech, 2003). However, over the past few years, this has changed such that
philosophical perspectives can be mixed in conjunction with the methods required to achieve the
most appropriate outcome for the research question (Greene et al., 1989; Bryman, 2012). Nowadays,
mixed methods has become a third paradigm in social science (pragmatism) and “has evolved to the
point where it is a separate methodological orientation with its own worldview, vocabulary, and

techniques” (Teddlie and Tashakkori, 2003; Johnson and Onwuegbuzie, 2004).

Another barrier to the full utilisation of mixed methods, is the realisation that it is more difficult to
carry out than single research design approaches (Bryman, 2012). Researchers need to have the skills
to understand the theoretical perspectives, data collection and data analysis methods associated
with both quantitative and qualitative methodologies (Creswell and Plano Clark, 2011). A mixed
methods programme of research is likely to take more time than if a single approach was chosen,
due to the collection and analysis of both qualitative and quantitative data (Creswell and Plano Clark,
2011). Despite these barriers, should the research question be more fully answered using mixed

methods, this approach should be considered.

103



4.4 Mixed Methods in this Research

This thesis adopted a mixed methods approach to explore a central research question: how do

different learning tools affect the knowledge and experiences of pharmacy pre-registration trainees?

As stated in section 4.3.3, a mixed methods approach incorporates both quantitative and qualitative
aspects of data collection and analysis. During the literature review, it was identified that a variety of
guantitative and qualitative methodologies have been adopted to explore the effectiveness of VPs or
simulation in education. Currently there has been little research into the use of VP technology in the
training of pre-registration trainees, thus, a mixed methods approach was adopted to strengthen the
overall findings and allow the weaknesses associated with each individual methodology to be offset.
Both the statistical effectiveness of VPs as a learning tool and trainee’s perspectives on the tool could

be obtained which would pave the way for future research to advance on these findings.

Statistical results of the effectiveness of the learning tools at improving knowledge were sought by
the research team, thus a quasi-experiment was decided upon (see section 4.5.1). Trainee’s thoughts
and opinions on the learning tools were obtained quantitatively via a questionnaire and qualitatively
via open-ended questions on the questionnaire and the telephone interviews (see sections 4.5.2 and
4.5.3). These multiple datasets allowed comparisons between the effectiveness of the learning tools
(via the quasi-experimental evaluation) and individual participant thoughts to be made. Trainee’s
expressions from the survey could also be reinforced by the telephone interviews and themes
explored in more depth, before triangulation of all three datasets to meet the aim and objectives of
the research (Mays and Pope, 2000) (Chapter 5, section 5.2). The socially contingent nature of the
qualitative results were triangulated with the quantitative results to determine if the actual
(statistical) effectiveness of the VP technology as a learning tool matched what participants reported.
Additionally, any significant findings (or lack of) from the quantitative results were triangulated and

explained by pre-registration trainee’s perspectives. This resulted in an increased quality of the thesis,
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as research claims have been established as stronger when based on a variety of methods (Gorard

and Taylor, 2004).

A sequential explanatory mixed methods design was implemented in this study. Quantitative data
collection and analysis from the quasi-experiment occurred first, followed by quantitative and
qualitative data collection and analysis from the questionnaire, which was used to inform the final
questions for the qualitative telephone interviews. An equivalent status design was used which
placed equal weighting of importance on the qualitative and quantitative strands - the actual impact
on knowledge and perceived impact on training were considered equally important to investigate
and understand (Teddlie and Tashakkori, 2003; Gorard and Taylor, 2004; Creswell and Plano Clark,

2011).

4.5 Study Design

A mixed methods design integrating a quasi-experimental evaluation, a questionnaire and qualitative
telephone interviews was chosen because of the pragmatic approach to knowledge evaluation. The
quasi-experimental evaluation allowed statistical improvements in trainee’s knowledge to be
assessed and significance to be calculated. The questionnaire collected quantitative data which could
be statistically analysed to determine significance in thoughts on the learning tools. The
guestionnaire also collected qualitative data via open-ended questions to allow for trainee’s to
express their thoughts on the learning tools in their own words and were able to reach a large
sample. Telephone interviews were used to further explore trainee’s thoughts on the learning tools

to a greater depth than the questionnaire allowed.
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4.5.1 Quasi-Experimental Evaluation

A quasi-experiment compares the impact of one intervention with either no intervention or a
different intervention. This design was considered appropriate as one of the primary objectives of
the research was to compare knowledge improvement of trainees who used the different learning
tools (Chapter 5, section 5.2). In a quasi-experiment, the effect of independent variable manipulation
on the dependent variable is measured but randomisation or matching of participants is not
required. This can affect the internal validity of a study but differences in the study groups can be
accounted for during data analysis (Basit, 2010; Drennan, 2013). In social research, it has been noted
that independent variables are difficult to manipulate (Bryman, 2012) and a quasi-experiment
recognises this limitation. The nature of this research had a variety of individual factors which could
affect trainee’s knowledge improvement scores, such as: sector of work, place of work, tutor support
and individual initiative, which could not be accounted for at baseline. Although trainees were
randomly stratified to the two intervention groups, they were not matched exactly for age, gender

or ethnic origin; which is accepted in a quasi-experiment and was accounted for during analysis.

A randomised control trial (RCT) has been defined as the ‘gold standard’ experimental research
design in health-related fields and was considered in this thesis (Bryman, 2012). Similarly to a quasi-
experiment, in an RCT, one intervention is compared with no intervention or a different
intervention. However, an important component of an RCT is the ability to manipulate the
independent variable to determine any influence on the dependent variable (Basit, 2010; Bryman,
2012). A true experiment also incorporates a control group and random assignment of subjects to
allow elimination of rival expectations, thus an RCT was not considered appropriate for this research.
True randomisation of participants was not suitable since both groups were required to have similar
numbers of pre-registration trainees who were male and female and who were completing their
training in the hospital and community sectors. This was to allow for a more direct comparison of

views between the two groups and determine any effects these factors may have on knowledge
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improvement, whilst ensuring sample sizes remained large enough for significance to be calculated.
Additionally, it would have been difficult to control the variety of confounding variables which may
have affected individuals’ knowledge improvement; thus also making a RCT prohibitively challenging

for this research.

A quasi-experiment was considered the most pragmatic approach to effectively measure knowledge
improvement of pre-registration trainees. Quasi-experiments are increasingly being used in the
healthcare field where RCTs are not appropriate (Drennan, 2013). Quasi-experimental evaluations
have been successfully carried out to investigate the effects of educational interventions using pre-
and post-tests (Issenberg et al., 2005; Brannan et al., 2008; Bryman, 2012; Drennan, 2013; Barnett et
al., 2016). Shadish et al. (2008) explained that in a ‘non-equivalent control group design’ of a quasi-
experiment, participants are non-randomly assigned to either an intervention group or a control
group. Data is collected from both groups at pre-test, followed by an intervention and a second data
collection at post-test, which measures the same dependent variable as during the pre-test phase.
The pre-test ensures that, as participants are not randomised, differences which may have impacted
on the outcome measures are identified and accounted for during statistical analysis; improving the

internal validity of the study (Drennan, 2013).

This ‘non-equivalent control group design’ quasi-experiment was adopted for this thesis. Participants
were randomly stratified to either the intervention or control group, asked to complete a pre-test,
receive a learning tool intervention and then complete a post-test to determine any knowledge

improvement within and between the groups.

4.5.2 Questionnaire

Questionnaires have been established as the most widely used data collection tool in educational

research, possibly because they can gather many types of data and are a particularly useful approach
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for gathering data pertaining to attitudes and behaviours; a commonly used evaluative method in VP
literature as discussed in Chapter 3 (Basit, 2010). Questionnaires can consist of different question
types to gather purely quantitative data, purely qualitative data or a mixture of the two. They allow
the collection of data from large groups of participants at a specific point in time to explain or provide
descriptions of current phenomena and to make comparisons or contrasts between different groups
(Calnan, 2013; McLaren, 2013). Although the aim of a questionnaire is not to generalise results to a
wider population, this can be done if a large enough sample is utilised (Bryman, 2012; Braun and

Clarke, 2013).

Use of a questionnaire in this thesis was appropriate because the reported thoughts and opinions of
pre-registration trainees could be quantified via the use of a Likert scale and more in-depth thoughts
could be obtained through the use of open-ended questions (see Chapter 5, section 5.10.2 for further
explanations on questionnaire design). The findings from the questionnaire could also help to
contextualise the statistical findings from the quasi-experiment and could be reinforced and further
explored through the telephone interviews, to ground trainee’s thoughts in a deeper understanding
of the themes surrounding the use of VPs. However, questionnaires are not without their limitations.
Even with the addition of open-ended questions, questionnaires tend to be more structured than
interviews and place less importance on capturing meanings and perceptions (Fontana and Frey,
2005; Calnan, 2013). Thus reducing the amount of in-depth, exploratory data obtained as it can be
difficult to convey feelings or emotions via text. Additionally, questions are open to misinterpretation,
which may affect the usefulness of data obtained; the questionnaire was piloted in this research (see
Chapter 6) to increase the validity but it is still a potential concern. Despite these potential limitations,
questionnaires were considered as an effective method of data collection in this research and allowed
for the triangulation of different datasets to obtain a deeper understanding of the themes relating to

VP use in pre-registration training.
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Electronic questionnaires were developed for this research because of the advantages they offer over
other questionnaire delivery methods. Electronic questionnaires cost less than postal questionnaires
and are associated with a greater response rate (Basit, 2010; McLaren, 2013). They can be distributed
and administered easily to a large sample, and as long as participants have sufficient IT skills, they are
uncomplicated to complete and return. They also enable the rapid follow up of non-respondents via
email, which can be difficult with postal questionnaires (Braun and Clarke, 2013; McLaren, 2013).
Telephone questionnaires were also an option and could have been conducted during the telephone
interviews. This was not considered appropriate as the findings from the questionnaires were
intended to be confirmed through the use of the interviews and the themes explored to a greater
extent, thus questionnaire data collection and analysis was required to occur beforehand (Basit,
2010; Bryman, 2012; Calnan, 2013). The study components and quasi-experimental evaluation were

completed online, which further reinforced the appropriateness of an electronic questionnaire.

4.5.3 Telephone Interviews

Different qualitative methods were considered, such as telephone interviews, face-to-face
interviews and focus groups. Telephone interviews were considered the most appropriate method
because they offered more flexibility than face-to-face interviews and the varying locations of pre-
registration trainees across the UK was perceived as a logistical issue in organising focus groups.
Research has also established that telephone interviews are as effective as face-to-face interviews in

obtaining deep and meaningful data (Sweet, 2002; Sturges and Hanrahan, 2004; Irvine et al., 2013).

Interviews are the most commonly used method in qualitative health research (Britten, 2000).
Qualitative interviews are a ‘professional conversation’ and are useful for complex issues which may
be difficult to investigate through quantitative means (Braun and Clarke, 2013). The interviewing

method of choice depends on a study’s overall research aims, the specific questions to be addressed,
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the nature of participants involved and the analytic approach to be taken (Sweet, 2002; Novick,
2008; Holt, 2010). Interviews can be classed as being structured, semi-structured or unstructured
(Britten, 2000). However, all interviews tend to have some kind of structure, thus classifying them in
such a way can be misleading; all interviews involve a conversation with a purpose. To distinguish
between the different ‘types’ of interview, those conducted in this research were described as ‘semi-
structured’ and ‘in-depth’. An interview guide was created which included the main themes intended
to be covered during each interview (hence being described as semi-structured). However, the
actual interviews were guided by the individual interviewee’s responses and an effort was made to
not use any leading questions. The interviews were ‘in-depth’ in the sense that they allowed
participants to explain their thoughts and feelings in their own words, with further probing or

clarification built into the interview guide (Britten, 2000).

Telephone interviews were chosen over face-to-face interviews principally because of the perceived
logistical issues with organising times and places for face-to-face interviews or focus groups with
geographically dispersed participants. The programme of work was designed so the interviews were
conducted after the pre-registration examination but before registration as a qualified pharmacist
on the register, thus only a small timeframe was available. Telephone interviews were considered to
be the most flexible method as they can be conducted at a time most convenient for the individual

participants (Carr and Worth, 2001; Sturges and Hanrahan, 2004; Bryman, 2012).

Focus groups are “a form of group interview that capitalises on communication between research
participants in order to generate data” (Kitzinger, 2000). They can be useful and cost-effective as
they allow similar or contradictory views of a group of individuals to be captured in a single interview
(Fontana and Frey, 2005; Basit, 2010; Braun and Clarke, 2013). A considerable problem with focus
groups is the danger of more dominant personalities leading the conversation and their perspectives

coming across more forcefully which may reduce the depth of data that is obtained, as shy
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individuals or those with differing views may not feel confident expressing themselves (Fontana and
Frey, 2005; Bryman, 2012). Focus groups were ruled out as a data collection method for this
research, again because of the perceived logistical issues in organising times and places for the

interviews due to the location spread of pre-registration trainees.

Face-to-face interviews are still held as the ‘gold standard’ method for qualitative interviews, despite
telephone or other virtual interview (e.g. email, Skype) techniques becoming established (Sweet,
2002; Opdenakker, 2006; Novick, 2008). Telephone interviews are more commonly used in
quantitative research (Fontana and Frey, 2005; Calnan, 2013) and there is little methodological

discussion of telephone interviews in qualitative research literature, as noted by Irvine (2011):

“Despite recognition of a range of practical and ethical advantages, there remains
nonetheless a sense throughout the instructional literature that qualitative
interviewing by telephone is something of a methodological compromise, with concerns
about the quality of the interaction and of the data that can be generated via this

mode.”

As with any method of data collection, drawbacks associated with telephone interviews have been
noted. These mainly relate to difficulties in building rapport due to a lack of social cues; elements
which are considered essential for generating rich qualitative data (Irvine et al., 2013). However,
telephone interviews have been found to produce equally as rich data as face-to-face interviews,
providing the interview is conducted well. Being able to see an interviewee may enable the
visualisation of confusion but research has found clarification requests are prominent in telephone
interviews, suggesting that interviewees feel able to request further explanations (Irvine et al.,
2013). Telephone interviews have also been found to, more commonly, be shorter in duration than

face-to-face interviews (Sturges and Hanrahan, 2004; Irvine, 2011; Irvine et al., 2013). Many reasons
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have been expressed to explain this, including participants being more ‘spontaneously’ forthcoming
and researchers providing more frequent ‘acknowledgement tokens’ in face-to-face interviews
which, along with visual cues, may encourage participants to express themselves more freely (Irvine,
2011). It is therefore important that these audible ‘acknowledgement tokens’ are expressed during
telephone interviews to encourage interviewees to open-up and potentially increase the depth of

data obtained.

4.6 Quality of Mixed Methods Research

Specific methodological considerations regarding sampling, case study design, data collection and
data analysis are discussed in Chapter 5. This section of the thesis will consider the specific quality
issues of reliability and validity in mixed methods research. Both reliability and validity are important

considerations in research and may be seen as going hand-in-hand with one another (Basit, 2010).

4.6.1 Reliability

Reliability can be defined as:

“The extent to which the results generated could be generated again (e.g. by another

researcher, in another context, at another time)” (Braun and Clarke, 2013).

Reliability in quantitative and qualitative research is measured differently (Basit, 2010). In
guantitative research, three main types of reliability should be considered: stability, inter-rater
reliability and internal consistency (Tashakkori and Teddlie, 1998; Basit, 2010; Lewith and Little, 2013;

McLaren, 2013). The most common method of assessing stability is by using the test-retest method
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which determines whether a measure is stable over time (Bryman, 2012; Lewith and Little, 2013).
Problems associated with this method relate to individuals’ experiences between the two test points
which may affect the re-test, resulting in low correlation and poor reliability. Inter-rater reliability is
an important consideration when there are multiple researchers and it ensures data is assessed or
coded in the same way (Basit, 2010; Bryman, 2012). Internal consistency refers to the degree of
rigour or consistency of a data collection tool (Bryman, 2012; Lewith and Little, 2013). Most
researchers use Cronbach’s alpha (a) as a measure of internal consistency; the application of this
measure to the questionnaire used in this thesis is explained in Chapter 5 (section 5.10.2) (Cronbach,

1951; Frey and Edwards, 2001; DeVellis, 2003; Bryman, 2012).

Reliability in qualitative research tends to be a contentious issue since, in qualitative research, human
beings are central to the research question and human behaviour is never static; therefore results can
be difficult to replicate (Low, 2013). The concept of reliability differs from the traditional quantitative
understanding, as the focus is on achieving consistent similarity in the quality of the results rather
than achieving the same results (Collingridge and Gantt, 2008). Reliability in qualitative data has thus
become more a measure of the trustworthiness or dependability of the data rather than the reliability
of the tools or instruments used (Denzin and Lincoln, 2005). Many ways of measuring reliability in
qualitative data have been discussed in the literature and it can be difficult for researchers to
understand the most effective approach to take (Denzin and Lincoln, 2005; Bryman, 2012; Braun and
Clarke, 2013). A recent review by Morse (2015) critiqued the use of recommended strategies for
measuring reliability and validity in qualitative research, the findings of which will be discussed

throughout the rest of this chapter (sections 4.6.1 and 4.6.2).

It has been stated that a study has dependability if “the process of selecting, justifying and applying
research strategies, procedures and methods is clearly explained and its effectiveness evaluated by

the researcher and confirmed by an auditor” (Yilmaz, 2013). Morse (2015) reported that the major
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strategies for determining reliability occur during the coding process. The most common processes to
ensure reliability are the development of a coding system, inter-rater agreement (assessment of
transcripts by more than one researcher) or respondent validation (assessment of transcripts by the
interviewees themselves) (Pope et al. 2000; Braun & Clarke 2013; Morse, 2015). However, the
strategies that have been proposed are not an absolute requirement and researchers will choose

those most appropriate based on their requirements and data collection tools.

The appropriateness of inter-rater reliability in qualitative research is contested because of the
assumption that coding should be subjective and the socially contingent nature of the data obtained
(Armstrong et al., 1997; Mays and Pope, 2000). The themes generated from the analysis of the
questionnaire and interview data were discussed in depth with the supervisory team which promoted
a review of the analysis and was used as a method to improve reliability. Respondent validation was
not considered appropriate for this research because there were a number of different study

components and it would have been difficult to obtain accurate validation.

Another method to increase the reliability, or trustworthiness, of qualitative data is for researchers to
explicitly document and keep records of all phases of the research programme (Bryman, 2012).
Recording interviews can also enhance the trustworthiness of data as it allows an accurate record of
conversation (Tobin and Begley, 2004). During data collection, efforts can be made to increase the
depth of information obtained by asking interviewees different types of questions with attempts to
avoid leading questions (McKinnon, 1988). Additionally, consistent coding should be applied to
improve the trustworthiness of the data (Braun and Clarke, 2013). The interview schedule design and

analysis procedures are discussed in Chapter 5 (sections 5.10.3 and 5.11.3, respectively).
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4.6.2 Validity

Validity can be defined as:

“A concern with the integrity of the conclusions that are generated from a piece of

research” (Bryman, 2012).

In the most basic sense, validity refers to whether a piece of research actually shows what it claims to
(Bryman, 2012; Braun and Clarke, 2013). As stated by Kaplan et al. (1976) “validity is not absolute; it is
relative to the domain about which statements are made”, thus although validity can be measured,

researchers need to remember that it is only valid in a certain context.

In quantitative research, the most common measures are of internal and external validity (Basit,
2010). Internal validity refers to the accuracy of the findings and determines whether a piece of
research has achieved what it sets out to measure (MclLaren, 2013). Internal validity can be measured
via content validity, criterion validity and construct validity (Creswell and Plano Clark, 2011; Bryman,

2012; Lewith and Little, 2013).

Content validity refers to whether items or questions on a data collection tool are representative of
what is known about a specific topic (Creswell and Plano Clark, 2011; Bryman, 2012; MclLaren, 2013).
Efforts can be made to assure content validity by the use of pilot studies or expert panels to review
the methodological tools (McLaren, 2013). The components used in this thesis were piloted (see
Chapter 6) and reviewed by an expert panel (see Chapter 5, section 5.10.2) to reduce potential

threats to the content validity of the study.

Criterion-related validity refers to the correlation between scores on an instrument created for a
particular study and a well-established instrument which has been found to successfully measure the

phenomenon of interest (Kaplan et al., 1976; Lewith and Little, 2013). Criterion validity is
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demonstrated when there is a strong relationship between the scores from the two instruments
(McLaren, 2013). This thesis did not measure criterion validity because the instruments used in this
thesis were created by the research team specifically for this study, and findings could not be
correlated with those from another instrument due to a lack of validated instruments which have

measured the effectiveness of VPs.

Construct validity requires researchers to demonstrate that instruments measure what they intend to
measure. This can be accomplished through multiple studies which focus on the same constructs and
their consistency with the theories they are hypothesised to represent (Dellinger and Leech, 2007;
Yilmaz, 2013). As the data collection tools were created for this research, construct validity was not
investigated as it develops over time, and cannot be demonstrated in a single study (Kaplan et al.,

1976).

External validity refers to the generalisability of results. Rigour in external validity considers the
sampling framework adopted, sample size of the study and the inferential statistics used. See Chapter

5 (sections 5.5 and 5.11.1) for discussion of these components relative to the research methods.

Validity in qualitative research is an unclear and ambiguous concept due to the socially contingent
nature of data and the capturing of multiple realities (Mays and Pope, 2000; Onwuegbuzie and Leech,
2003; Mason, 2006). However, validity in qualitative research should “centre on the richness of the
data that are generated” (Low, 2013). Internal validity, or the credibility of data, refers to the extent
to which observations and measurements represent social reality (Bryman, 2012). Ensuring a thick,
rich data set can improve the credibility of data as providing a detailed description of the participants,
the settings and the interactions allows understanding of the qualitative research process, as
described by Geertz (1973) (Yilmaz, 2013; Creswell, 2014; Morse, 2015). The credibility of data can
also be enhanced by negative case analysis, in which researchers include all interviewee’s

perspectives; this again attributes to the obtaining of a rich data set (Morse, 2015). Another
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recommended technique for improving credibility is triangulation by using more than one method or
source of data in the study (Creswell, 2014; Bryman, 2012). This study used a mixed-methods design
which incorporated triangulation of the different data sets to improve the validity (see section 4.4). A
final method to improve internal validity is the use of member checking or respondent validation, in
which participants check and evaluate research findings to ensure they are a true representation of
their interview (Bryman, 2012; Yilmaz, 2013; Creswell, 2014; Morse, 2015). Member checking was not
applied in this thesis based on the advice by Morse (2015) who explains the difficulties which can
arise if a participant does not agree with an analysis. Additionally, as explained in section 4.6.1, a
number of different study components were utilised in this research, which would have made it
difficult to obtain accurate validation. Although not respondent validation, the telephone interviews
did employ the confirmation of findings from the questionnaire with individuals to enhance the

validity.

As previously discussed in section 4.3.1, results from qualitative studies are not intended to be
generalisable to a wider population but, instead, to generalise to theory (Bryman, 2012). In addition
to enhancing internal validity, obtaining a ‘thick description’ of data can also help to enhance external
validity (or transferability) of results. A thick and rich data set refers to the quality of data obtained
from each participant and the level of data obtained across the dataset, as described by Geertz
(1973). This can be determined by appropriate sampling procedures, sample size and an exploratory

interview guide (see Chapter 5, section 5.5 for discussion of sampling procedures).

In qualitative research, the researcher strives to provide an accurate picture of the social world as it
exists to those being interviewed, rather than from their [the researcher’s] perspective. The validity of
socially constructed data can be improved with appropriate reflexivity, which encourages a

researcher to take a systematic, reflective and transparent approach to the research design, methods
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of data collection, analysis and interpretation and is discussed below in section 4.6.3 (Pope & Mays

1995).

As already discussed, mixed methods research has the advantage of overcoming weaknesses
associated with each method, thus threats to internal and external validity can be reduced by utilising

this methodological approach.

Hunter & Brewer (2003) wrote that mixed methods “.. have built into them almost by definition the
very essence of what is needed to assess the validity of research. The more diverse the methods, the
more likely one is to sense that similar results increase the validity of the research finding. If very
similar methods are used and the results are similar, then validity is increased somewhat. If the same

method is used and results are similar, then one has an assessment of reliability.”

The use of mixed methods and the triangulation of results can increase the content, criterion and
construct validity, as well as the external validity of research and enhance the trustworthiness of an
analysis by providing a fuller, more rounded account which compensates for the weakness of one

method through the strengths in another (Gorard and Taylor, 2004).

4.6.3 Reflexivity

Reflexivity is described by Hall and Callery (2001) as “critically examining one’s effect as a researcher

on the research process”.
Sultana (2007) goes into greater detail and explains that:

“...reflexivity in research involves reflection on self, process, and representation, and
critically examining power relations and politics in the research process, and

researcher accountability in data collection and interpretation.”
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It is not enough to only be reflexive during data analysis; the process of reflexivity should arise at the
beginning of a piece of research, when the research topic has been decided upon and the aims,
objectives and methods are discussed (Finlay, 2002). This encourages the researcher to examine
their motivations, assumptions and interests in the research and help to prevent these aspects
affecting the research process or data collection (Sultana, 2007). Researchers should view
themselves, their methods and their data as being interdependent and interconnected and be aware
of their theoretical considerations, interpersonal relationships and any institutional effects which
may arise (Mauthner and Doucet, 2003). Reflexivity is a dynamic process and continued reflection is
required throughout the research design, data collection, data analysis and write-up stages of a
research project to increase the strength and validity of results (Finlay, 2002; Gilbert and Sliep,

2009).

Although the importance of reflexivity has been explained in the literature, there is a significant
problem which relates to the ability of the researcher to actually perform it (Mauthner and Doucet,
2003). Sultana (2007) notes that undertaking reflexivity requires a “critically self-conscious
researcher” and it has been identified that there may be a limit as to how reflexive researchers can
be, especially at the time of carrying out a research project (Mauthner and Doucet, 2003). There is a
strong possibility that some influencing factors may only become apparent after completion of a
research study (Finlay, 2002; Mauthner and Doucet, 2003). Resulting from this difficulty, Mauthner
and Doucet (2003) express that “it may be more useful to think in terms of ‘degrees of reflexivity’,
with some influences being easier to identify and articulate at the time of our work while others may
take time, distance and detachment from the research.” This will hopefully allow for inexperienced
researchers to be reflective during the research process but understand it may not be easy and may

continue after the research is over.
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The qualitative data obtained from the questionnaires and interviews in this thesis were of a socially
contingent nature, thus reflexivity became an important aspect of the research process (Mays and
Pope, 2000; Onwuegbuzie and Leech, 2003; Mason, 2006). It cannot be assumed that the
questionnaires and interviews provided factually accurate information because of the socially
contingent nature of the data. Qualitative data is subjective and was dependent on the lead
researchers (JT) beliefs as well as other factors, such as the sampling and recruitment methods,
individual participant’s beliefs at the time the data collection took place and the particular questions

asked, as expressed by Braun and Clarke (2013):

“Research is understood as a subjective process; we, as researchers bring our own
histories, values, assumptions, perspectives, politics and mannerisms into the
research...the topics we find interesting to research, and ways we ask questions about
them, the aspects of our data that excite us — these (and many other factors) reflect
who we are; our subjectivity. Therefore, any knowledge produced is going to reflect
that, even if only in some very minor way. The same has to be said for participants in
our research; they bring their own experiences, perspectives and values to the

research”.

The quantitative data that was obtained from the questionnaires was also socially contingent, as
Likert ranking scales are a method of putting numbers on qualitative data. Comparatively, the
statistical data from the quasi-experiment was more objective. The mix of data allowed for the
triangulation of findings to ensure comprehensiveness and encouraged a more reflexive analysis of

the data (Mays and Pope, 2000).

Understanding and having the ability to be reflexive allows a researcher to be more open during the

research process and may lead to the uncovering of alternative or unexpected results or research
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questions (Adkins, 2003; Bryman, 2006; Mason, 2006). Reflexivity is essential for the integrity and
trustworthiness of data (as discussed in sections 4.6.1 and 4.6.2). As the lead researcher, reflexivity
was understood and a reflexive approach was taken from the beginning of the research until

completion of thesis write up by the keeping of field notes.

4.7 Chapter Summary

This chapter discussed the methodological considerations associated with the study design and
presented the reasoning for deciding upon a mixed-methods approach which integrated a quasi-

experimental evaluation, questionnaire and qualitative interview design.

The use of mixed methods allows a more detailed description of the research question to be obtained
than either a qualitative or quantitative approach would provide if used alone. There has been little
research into the use of VPs in pharmacy education and only one study into their use in UK pre-
registration training which aligns itself well to a mixed methods design and the substantial quantity of

data obtained.

The use of mixed methods was considered as the most pragmatic approach, benefitting from the
depth of detail and exploration of new concepts and phenomena with qualitative methods, combined
with a more standardised, quantitative component. Findings from the quasi-experimental evaluation
which determined the effectiveness of VPs as a training tool can be generalised to a population-level,
whereas pre-registration trainee’s thoughts and perspectives on the use of VPs as a training tool were
gathered from the questionnaire and telephone interviews. All findings were then triangulated and
used to reinforce each other; to increase the rigour of the research study. The concept of reflexivity
has been discussed in relation to the socially contingent nature of the data obtained and a detailed
discussion of the aims of the research, the sampling and recruitment methods, the data collection

and data analysis is provided in Chapter 5.
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5. Methods

5.1 Introduction

This chapter discusses the methods used in this research. The chapter begins by setting out the aims
and objectives of the research in section 5.2, including the experimental hypotheses for the quasi-
experimental evaluation. The study design is described in section 5.3 and ethical approval is discussed
in section 5.4. The sampling and recruitment methods are discussed in sections 5.5 and 5.6,
respectively. The use of Google Drive in the study is discussed in section 5.7 before a description of
the VP case studies (section 5.8) and the NI case studies (section 5.9) are presented. The data
collection tools used in the study are discussed in section 5.10 and their associated analysis
techniques in section 5.11. The issues of confidentiality and data protection are discussed in section

5.12. A summary of the chapter is provided in section 5.13.

5.2 Study Aims and Objectives
The overall aim of the research was to evaluate the effectiveness of interactive clinical avatars (ICAs)
at supporting pre-registration training when compared to a non-interactive (NI) learning tool.

To meet the aim, the study had the following objectives:

1. To determine topics or areas of pre-registration training where extra support or learning may
be useful
2. Todevelop ICAs and NI case studies to meet specific learning objectives relevant to these

topics or areas
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To quantitatively assess the ability of ICAs to enhance the knowledge base of pre-registration
pharmacists compared to the NI case studies

To identify reported differences in the usefulness or enjoyment of the two learning tool or
any differences in the inclination of trainees to use either the ICAs or NI case studies as part
of pre-registration study

To triangulate all the results and compare pre-registration trainee’s perspectives on the ICAs

and NI case studies with the statistical results obtained

As this research incorporated quantitative and qualitative methods of data collection and data

analysis, experimental hypotheses were also proposed:

1.

ICA case studies will be superior at improving knowledge compared to NI case studies
Pre-registration trainee’s knowledge will improve after completion of either type of case
study

ICAs will be superior at increasing reported enjoyment compared with NI case studies
ICAs will be superior at increasing engagement with learning in pre-registration training

compared with NI case studies

5.3 Study Design

This thesis adopted a mixed methods approach, utilising a quasi-experimental evaluation (pre- and

post-test), a questionnaire and qualitative telephone interviews (as previously outlined in Chapter 4).

Figure 5-1 illustrates the programme of work (page 126).

Pre-registration trainees were randomly stratified based on their gender and sector of training into

two cohorts (or groups). This allowed a direct comparison of knowledge improvement and

perceptions of the learning tools between the groups based on the case studies they used, their
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sector of training and their gender. Group 1, the intervention group, received three interactive VP
cases to complete (see section 5.8). Group 2, the control group, received three NI cases to complete
(see section 5.9). Both groups received case studies on the same topics but via different delivery
methods to allow for a direct comparison of the tools (VP vs NI). Participants had access to each case
study for a one-month period, during which they were able to complete it as many times as they
required. The intervention period lasted for three months and was followed by the questionnaires

and telephone interviews.

Each case study had pre- and post-multiple-choice questions (MCQs) to complete which were based
on the case study topics. The same questions were used for the intervention and control groups to
allow for knowledge improvement to be measured and compared between the groups, sectors of
training and genders. For each case study, participants were required to complete the pre-MCQs
before they could access the case. Participants were unable to access the next case study without

completing the post-MCQs within a one-month period.

Upon completion of the three case studies, participants were provided with an evaluative
questionnaire to complete. This was designed to capture trainee’s thoughts and perceptions on the
learning tools and cases themselves. Participants were then provided with access to the other type
of case study; completing the pre-and post-MCQs was not compulsory at this stage. After one month
of access to the second type of case studies, a second evaluative questionnaire was sent to
participants which consisted of the same questions as on the first questionnaire. It was not essential
for participants to complete this questionnaire but they were invited to provide their thoughts to

allow for a direct comparison of individual thoughts on the different learning tools.

Pre-registration trainees who completed both questionnaires were provided with access to all study
components, plus extra NI case studies in preparation for the pre-registration exam. These extra NI

case studies covered other topics: anticoagulants, drug interactions and cardiovascular disease (CVD)
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(see section 5.9). These extra cases were created to incentivise participants to complete the full

study and reduce the number of drop-outs, thus potentially providing maximum data for analysis.

After the pre-registration examination, a purposive sample of individuals were invited for a semi-
structured telephone interview to confirm the findings from the questionnaire and further expand
on individual thoughts towards the learning tools and use of case studies as a resource for pre-

registration training (see section 5.10).

5.4 Ethical Approval

The lead researcher worked with the Research Governance Officer at Keele University regarding the
level of ethical approval that was required to undertake this research. After consideration, NHS
approval was determined to be unrequired due to the recruitment of participants in their capacity as

preregistration students. Therefore, only University ethics was obtained.

An application to conduct this research was submitted to Keele Ethical Review Panel in August 2014

and subsequently approved in September 2014 (Ref: ERP2221) (Appendix 2)

The application was accompanied by the relevant letter of invitation (Appendix 3), patient
information sheet (Appendix 4), consent form (Appendix 5), questionnaire (Appendix 6), interview
guide (Appendix 7) and other supporting documentation: MCQs for case study one (Appendix 8), link

to VP case study one (Appendix 9), NI case study one (Appendix 10).

Written informed consent was obtained from each participant prior to starting the study and, again,
before the telephone interviews (Appendix 11) (see section 5.10.3). A second participation
information sheet was created and provided for ethical review for the telephone interviews

(Appendix 12).
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Figure 5-1 lllustrates the programme of work for the study. It illustrates the two cohorts of pre-registration trainees, the different data collection methods and the number of
trainees in the different stages of the study. A sequential mixed methods design was used and the data collected from the MCQs, questionnaires and telephone interviews were
triangulated.
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5.5 Sampling

Pre-registration pharmacists completing their training in a UK-based hospital or community
pharmacy were recruited to participate in the research (training year 2014-2015). Those who

responded to the invitation to participate were included in the study upon consent.

5.5.1 Sampling for Quantitative Data Collection

Purposive sampling is a technique where units of a sample are chosen because they possess
characteristics which the researcher is interested in studying (Henry, 1990; Cohen et al., 2007,
Bryman, 2012). The sampling frame from which the non-random, purposive sample was drawn
included pre-registration trainees from throughout the UK. The aim of the sampling procedure was
to acquire a sample of trainees from hospital or community pharmacy to evaluate the usefulness of
VPs and NI case studies, thus purposive sampling was considered appropriate. Due to trainees’
different work environments and experiences during pre-registration training, which may affect their
knowledge development, seeking trainees from the different sectors was considered appropriate.
Attempts were also made to obtain a heterogeneous sample which included men and women and

trainees of different ethnicities to obtain a richer data set.

After trainees had consented to participate, random stratified assignment was used to split the
participants into two groups based on sector of training, gender, age and ethnicity to achieve a near-
equal distribution. This was considered an alternative to true randomisation and was appropriate for
the quasi-experimental design (see Chapter 4, section 4.5.1). Random stratified assignment allowed
for a direct comparison of views between the two groups and significance calculations of the effects

these factors may have had on knowledge improvement scores (Henry, 1990; Cohen et al., 2007).
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The sample size for this research was calculated using GPower 3.1 (2014), a computer program
designed to calculate sample size based on probability (p-value), power and effect size. A sample
size of 52 was calculated to obtain statistically significant results from an independent t-test and a
sample size of 23 was calculated to obtain statistical significance from a dependent t-test. A-p value
of 0.05 was used in this research as it is the minimum level for rejection of the null hypothesis and
provided the best opportunity to identify a statistical difference (if one was present). A power level
of 0.8 was used as this is the minimum power for detecting a difference at the effect size specified.
An effect size of 0.8 was used and, although this is classed as a high effect size (small 0-0.2, medium
0.2-0.5, large >0.5), previous research into the use of VPs has reported statistical significance using
effect sizes from 0.1 to 0.9 (Cunningham and McCrum-Gardner, 2007; Botezatu, Hult, Tessma, et al.,

2010a; Salkind, 2011; Consorti et al., 2012).

Within statistical analysis, there are two types of error that can occur depending on the
appropriateness of the sample size calculation. A Type 1 error (a) occurs if the null hypothesis is
rejected when it is true. A p-value of 0.05 is the probability that 5% of the differences between two
groups occurred by chance rather than the study intervention and expresses that a Type 1 errors will
occur one in 20 times (Devane et al., 2004; Cunningham and McCrum-Gardner, 2007; McCrum-
Gardner, 2010). This has been established in the literature as the minimum level of rejection, hence
was used in the sample size calculation in this research (Cunningham and McCrum-Gardner, 2007;
McCrum-Gardner, 2008, 2010). A Type 2 error (B) occurs if the null hypothesis is accepted when it is
false (Devane et al., 2004; Cunningham and McCrum-Gardner, 2007; McCrum-Gardner, 2010). The
statistical power of a test is the probability of not making a Type 2 error and thus identifying a
statistical effect when it occurs (Cunningham and McCrum-Gardner, 2007; McCrum-Gardner, 2010) .
The minimum probability acceptable for a Type 2 error is usually given as 0.20 (Cunningham and

McCrum-Gardner, 2007). Power is calculated as 1-B such that 1-0.20 = 0.80 or 80%, which has been
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identified as the minimum power used in clinical trials and was the power chosen for the sample size

calculation in this research (Campbell et al., 2007; Cohen et al., 2007).

According to Creswell and Plano Clark (2011), “the effect size is a means for identifying the practical
strength of the conclusions about group differences or relationships among variables in a
guantitative study”. The effect size can be adjusted by the researcher in terms of whether a small,
medium or large effect size is expected (Cunningham and McCrum-Gardner, 2007). It has been
recommended that the effect size must not be set too high, as this reduces the sample size estimate
and so increases the probability of a Type 2 error, thus an effect size on 0.8 was chosen

(Cunningham and McCrum-Gardner, 2007).

5.5.2 Sampling for Telephone Interviews

Only those pre-registration trainees who completed the questionnaire were invited for a telephone
interview. This allowed for participant validation and triangulation of the quantitative and qualitative
results. Upon analysis of the questionnaire data, it was identified that response rates were low (see
Chapter 7, section 7.2), therefore all pre-registration trainees who completed the questionnaire were

invited for a telephone interview.

Initially, a purposive sampling frame was intended to be adopted for the telephone interviews. A
smaller purposive sample of participants who expressed different views were going to be invited for a
telephone interview to obtain a more complete picture on thoughts of the technology and help
explain any variability which may have arisen (Patton, 1990). The purposive sample was also going to
consider specific characteristics, such as sector of training, gender, age, ethnicity, previous use of VPs
and degree classification to determine any differences these variables may have had. However, due
to the low response rates associated with questionnaire completion, all trainees were invited for a

telephone interview to ensure a large enough sample to reach data saturation of the main themes.
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The sample of trainees who consented for an interview was checked against the original purposive

sampling characteristics to determine how broad the range was of views represented.

In general, sample sizes in qualitative research have no fixed criteria, the main aspect relates to data
saturation whereby no new themes emerge from the data (Guest et al., 2006). This is problematic
because at any point, one more interview could lead to new information emerging. Thus the concept
of saturation is based on the absence of something, which is harder to prove than determining the
presence of something. Small sample sizes may not allow data saturation to be achieved but large
sample sizes may make it difficult to undertake a deep, case-oriented analysis (Onwuegbuzie and
Leech, 2007a). Morse (1995) identified that “saturation is the key to excellent qualitative work,” but
at the same time noted that “there are no published guidelines or tests of adequacy for estimating
the sample size required to reach saturation”, because of the problematic nature of the concept.
Previous researchers have identified that data saturation depends on the type of research, the
length of the interview, the number of times each participant is interviewed, sample homogeneity

and the research questions (Braun and Clarke, 2013).

The significance of sample sizes and saturation in other studies is not clear. Previous studies that
have investigated VPs have not routinely reported data saturation from interviews and a range of
sample sizes have been used, from as few as nine participants to over 300 (Chaikoolvatana and
Goodyer, 2003; Austin et al., 2006; Pantziaras et al., 2012; Ekblad et al., 2013). In this research,
interviews were aimed to be conducted until saturation of the broad themes occurred, which were
already decided from the construction of the semi-structured interview guide. However, as there
were a fixed number of people to interview (i.e. only those trainees who completed the

questionnaire), a pragmatic approach was taken to assess when these broad themes were saturated.
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5.6 Recruitment

Pre-registration trainees were recruited by a range of methods, which will be discussed below.

Fourth year pharmacy students from Keele University were recruited towards the end of their
academic year (May 2014, before they entered pre-registration training in summer 2014). A
presentation was done at a ‘Transition to Pre-registration Training’ study day organised by Keele
University School of Pharmacy. This provided an opportunity to introduce the research and
demonstrate the VP technology. This training day was not compulsory, so subsequent emails were
sent out to all Stage 4 students explaining the research and providing the lead researcher’s (JT)
contact details for those interested in taking part or with questions (Appendix 13). The letter of

invitation and participant information sheet were attached to the email.

Pre-registration trainees completing their training with Boots pharmacy were recruited for the study
via emails. Boots is a large, UK wide pharmacy multiple with a large number of pre-registration
trainees and thus was a strong avenue for recruitment. Meetings were held with the national pre-
registration training lead for Boots who promoted the research to all Boots pre-registration trainees
throughout the UK. Emails were distributed to the pre-registration tutors and pre-registration
trainees which explained the research and had the participant information sheet and letter of
invitation attached. Pre-registration trainees were encouraged to email the lead researcher (JT) with
any questions or their interest in participating. All pre-registration trainees were encouraged to
participate in the research by their pre-registration tutors but it was voluntary and did not impact on

their progression through the year.

Those completing their pre-registration training in a UK-based hospital were recruited via emails and
face-to-face presentations. Regional hospital pre-registration training programme organisers were
contacted prior to summer 2014 to obtain consent for presentations and email distribution.

Presentations were given at the North West, West Midlands, East Midlands and South East regional
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study days to explain the research and introduce the VP tool. Trainees who were interested in
participating were asked to provide the lead researcher (JT) with their contact details. Emails were
then distributed to those trainees who registered interest which contained all the study information.
Where it was not possible to attend regional study days, emails were distributed to all hospital based
trainees via the regional training organisers. These emails explained the research and included the
participant information sheet and letter of invitation as attachments. Trainees were encouraged to

email the lead researcher (JT) with any questions or to register their interest in taking part.

The intention was to recruit pre-registration trainees from a range of regions across the UK,
Universities and both training sectors (hospital and community). This ensured that a wide pool of

trainees was approached.

5.7 Google Drive

For both the pilot study and the main study, Google Drive was used to link all components of the
study together to make it more efficient to complete. No negative comments were received during
the pilot study (Chapter 6) relating to this method and so it was used for the main programme of

work.

Trainees who consented to participate in the study were sent a Google Drive link to the electronic
consent form via email. Individuals were required to sign and date this consent form electronically to
be able to participate and access the study components. All questions relating to participation in this
study had to be answered ‘yes’, otherwise trainees were unable to take part. Participants were
provided with a participant number to uphold anonymity, which remained the same throughout the
study. A copy of the consent form was provided to the participants at the end of the study during
debriefing. A separate consent form was provided for the telephone interviews to re-obtain consent

and reconfirmation for use of quotes was obtained verbally at the end of the interview.
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The programme of work was carried out over six months and was associated with many different
components (see figure 5-1). Google Drive was used to try and prevent drop-outs and loss-to-follow
up of participants, which may have occurred from confusion caused by consecutive emails with
information and links to the different study components. Having a single link to Google Drive which
allowed progression through all required study components, in a timely and standardised manner,

was hoped to improve overall participation rates.

5.8 Avatar Case Study Design

Case studies were designed and created specifically for this study by the research and animation
teams at Keele University School of Pharmacy. A case study is a simulation of a real or life-like
scenario which describes a wide range of patient factors and other information to encourage critical
thinking (Marriott, 2007a). They focus on problems which individuals are likely to encounter in
practice to increase relevance to and motivation of learning. The case study topics for this research
were chosen by the research team after review of the literature and conversations between the lead
researcher (JT), the PhD supervisors and first year qualified pharmacists to address areas where
further support may be desired during the pre-registration training year. Experiences had by pre-
registration trainees can vary considerably and are dependent on a number of factors including:
sector of training, training site, tutor support and individual initiative (as discussed in Chapter 1,
section 1.4.1). The case studies were designed to cover various knowledge and skills essential to pre-
registration training and future practice, and included areas which trainees may find it difficult to
show their competence in due to training variations. The range of topics also allowed the diversity
and abilities of the VP programme to be illustrated by utilising different avatars, simulation

backgrounds, interactions between the avatars and users and multimedia within the simulations.

133



The case study topics decided upon were: emergency hormonal contraception (EHC), renal function

and childhood illness.

The next step was case scripting and design. This was led by the research team and guided by the
animation team to determine how the learning objectives for each case should be met and to ensure
case design was within the realms of the software. Developing simulations around pre-defined
learning objectives exposed all trainees to equivalent experiences, although their learning may have

differed depending on individual decisions and the path taken through the decision tree.

The VP technology used in this research, as outlined by Bracegirdle and Chapman (2010), had three
key parts that are associated with, and essential to its design: an electronic database, a computer
generated graphic and a system to link the two together. The electronic database is classed as the
‘brain’ of the avatar and is based on a Markov Model design, which uses a decision tree to map
progress of a case (Appendix 14). As a user progresses through a case, the database monitors the
path through the decision tree and collates the positive and negative feedback to be given at the end
of the simulation. The avatars used in this research were designed to ‘speak’ to the user about the
decisions they made during the case; the avatar was animated to provide verbal and textual delivery

of feedback to increase its interactivity and realism.

The computer-generated graphic is referred to as the ‘body’ of the avatar and is the 3-dimensional
(3D) character created for each case. The avatars created for this research consisted of adult and
child patients and a doctor who were all able to express audio and visual responses. The avatars
were animated to portray realistic expressions and gestures to make the interaction feel more
lifelike. Users interacted with the avatars via multiple choice questions and free-text typed

questions, which allowed multiple skills and levels of knowledge to be assessed.

The final part of the system is the ‘heart’ which carries information from the ‘brain’ to the ‘body’

allowing a real-time, immediate response to the user’s input. Each case was pre-populated with
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specific questions and keywords which were matched to an appropriate response from the avatar.
As discussed throughout Chapter 6 to Chapter 10, it was difficult to estimate the range of questions
or keywords which may have been inputted by users, leading to the risk of unrecognised inputs. The
technology does have the ability to ‘learn’ from those inputs which were not recognised by manually
matching them to an appropriate response already in the system (Bracegirdle and Chapman, 2010).
This may allow for relatively quick updating to ‘fill’ the question bank when new questions are asked

or new phrases are entered by users.

A major benefit of clinical avatars is their reusability. In this research, once the case study topics had
been decided upon, the lead researcher (JT) was able to ‘browse’ the library of avatars and pre-made
simulation environments. From this, the avatars could be created specifically for the learning
objectives for each case study or existing avatars modified for certain characteristics, ages and
genders. Virtual avatars also provided the opportunity for users to visualise tools or objects, for
example the integration of prescriptions, hospital notes or drug charts to improve the realism and

interactivity of the simulations.

The specific case studies created for this research are discussed in further detail below.
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5.8.1 Emergency Hormonal Contraception

The aim of this case study was to provide pre-registration pharmacists with an opportunity to

practice an emergency hormonal contraception (EHC) consultation (Figure 5-2).

VP Levonelle Case

Is itfor yourself?

May | ask?1Is it for you?

Ive got some questions for you.

Pharmacy Care Record

Contractor Code: 0001 - Pharmacy One

~~~~~~~~

Current User: 0000001

Consultation Record Form
(part1)

To be completed by the pharmacist with customer

Customer details
Name:
Address (optional)

Contact telephone number (optional)
Date of birth
Medication:

Medical history

I need the morning after pill.

Figure 5-2 Still image from the EHC virtual patient simulation. The avatar is the young woman who
has come into the community pharmacy to request EHC. At this point in the simulation, the avatar
has been invited into the consultation room to ensure privacy. Multiple choice questions can be
seen at the top of the image and the EHC consultation form on the right is similar to those used in
practice to aid the consultation. See Appendix 15 for more images associated with the EHC VP
consultation. See link to case study in Appendix 9.

The main learning objectives for the case were to:

Practice communicating with a patient requesting EHC in an appropriate, professional manner
Demonstrate effective understanding of the information that needs to be obtained from a patient to
ensure safe provision of EHC

Demonstrate effective understanding of the main counselling points associated with EHC

Describe the different options available for EHC

Identify the reference sources available for more information regarding EHC
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Interacting with a patient requesting EHC requires a sensitive approach to allow rapport to develop.
Research investigating the use of VPs in sensitive situations is limited. Those studies which have
evaluated VPs in these contexts have identified positive results, with user’s knowledge improving in
many areas, including: mental illness, trauma, refugees and health promotion interventions (Kenny
et al., 2008; Guise, Chambers and Valimaki, 2012; Pantziaras et al., 2012; Parsons et al., 2008;
Fleming et al., 2009; Ekblad et al., 2013). Pre-registration trainees may not have the experiences to
develop the necessary skills to confidently interact with such patients, thus simulating an EHC
consultation with a VP provides an opportunity for individuals to practice interacting with a patient

in a sensitive, non-judgemental manner.

The simulation was designed to improve pre-registration trainee’s knowledge of the options
available for EHC. The EHC case primarily covered Levonelle® because, at the time of creation, it was
the only oral EHC licensed to be purchased or provided under a patient group direction (PGD).
EllaOne® was included in the pre- and post-MCQs to ensure trainees were aware of it as a new
option for EHC, and since the time of the study, it is now included in community pharmacy PGDs and

can be sold without a prescription.

The VP simulation incorporated a consultation guide, similar to those used in practice, which users
should have worked through to aid their questioning and advice relating to EHC. This was hoped to
improve individuals’ knowledge on EHC and understand the counselling points to ensure they can
provide appropriate treatment to patients when they are qualified pharmacists. The simulation was
constructed such that both multiple-choice input and free-text input were utilised. This was to help
develop individuals’ communication skills (i.e. how questions are asked) and knowledge of EHC.
Previous research has found pharmacists have variable knowledge relating to the pharmacological

action and adverse effects of EHC (Seston et al., 2001; Triola et al., 2006; Cooper et al., 2008).
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Individuals completing their pre-registration training in a hospital may be less likely to see or be
actively involved in an EHC consultation, than those in the community sector. Providing educational
resources to address these areas is an important step in the teaching of EHC. The interactive practice
of an EHC consultation using the VP may especially be useful, as role-play has been identified as an
effective teaching method for pharmacists in conducting EHC consultations and face-to-face role-

plays are not always appropriate (Bacon et al., 2003).

Information for preparation of the case was gathered from the following resources: British National
Formulary 65 edition (Joint Formulary Committee, 2013), Summary of Product Characteristics for
Levonelle® (eMC, 2014b) and EllaOne® (eMC, 2014a), Medicines Ethics and Practice Edition 36 (RPS,
2012), The Centre for Pharmacy Postgraduate Education EHC e-learning (2012) and The Faculty of
Sexual & Reproductive Healthcare Clinical Guidance (2012). Information from all of the above

resources was collated to develop the script for the VP case and inform the pre- and post-MCQs.

This VP simulation was piloted (see Chapter 6) and amendments were made before its use in the

main study.
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5.8.2 Renal Function

The aim of this case study was to provide pre-registration pharmacists with calculations practice and

experience of a hospital pharmacists daily ward round (Figure 5-3).

The Medical Chart

ETTLETON HOSPITALS NHS FOUNDATION TRUST
MEDICAL COLLABORATIVE ASSESSMENTDOCUMENT

ADMISSION DETAILS
PATIENT DEMOGRAPHIC INFORMATION
Home phone no: 01785 445720 DOB: 0:1.645 | Gander: uak
Mobile phone no: a1 Prafers to be acaressed as:
Work phone no: Tom
GP Practice: None required? wve
Next of Kin: M Main carer or other preferred
contact: 3

Relationship: Wife Relatienship:
Present? N HNA Address:
Informed? N NA

Unabie io contact? Y N
Address

19 Suingerbory Drive
Kessleron
Home phone no:
Work phome no:
Mobile phone no.
Home phone no: 1755 #45788 Contact at night? ¥ N
‘Werk phone no: Palint permission 1o give information?
Moois phone no: ¥ N NA
Contact at night? @ N NA Section completed by:
Eatient permession ta give information? Initials: £D
) N NA
Admission [ Transfer / Discharge Record
Date Time ‘Consultant/ From To Transferred by
speciality (Print name}
150834 06:00am | A+E
Discharge address and
contact details if ditferent
from admission address: Initials:

Chart Image Page 1 of 11

Figure 5-3 Still image from the renal function VP simulation. The ‘pop-up’ hospital notes on the
screen can be flipped through and contain the same information as in a real set of hospital notes,
including blood results and medication history. The avatar of the doctor can be seen behind the
chart; this is who the user interacts with in this simulation. See Appendix 16 for more pictures of
the renal function VP simulation. See link to case study in Appendix 9.

The learning objectives for this case study were to:

Practice calculating renal function
Demonstrate an improvement in calculation skills

Explain the various ways in which renal function can affect drug doses
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Practice modifying drug dosages accurately

Identify the reference sources available for more information regarding renal function

Calculations are a fundamental part of a pharmacists’ role which was a prime reason for the
inclusion of a Cockroft and Gault renal function calculation ((140-age) x weight x constant / serum
creatinine) in the case study itself and also the incorporation of calculations into the pre- and post-
MCQs. Previous research has identified that pharmacy students struggle with calculations (Vyas,
Bhutada, et al., 2012; Sheaffer and Addo, 2013; Vyas et al., 2014). Simulations have been identified
as an effective teaching method of calculation skills in pharmacy students (Vyas et al., 2014), thus it
was hoped that the interactive nature of the VP would promote experiential learning and aid

development in preparation for the pre-registration exam and future practice.

Hospital pharmacists may calculate renal function and adjust affected drug doses more often than
community pharmacists. This may also indicate that hospital pre-registration trainees may have
increased opportunities to develop this knowledge and practice these specific calculation skills than
trainees in the community sector. Renal function calculations have been established as a primary
area for prescribing errors and it is therefore important for pharmacists to understand how renal
function can affect drug doses and work with prescribers to ensure patients get the best care (Dean
et al., 2002; Ridley et al., 2004; NPSA, 2007). This case study required trainees to use the VP’s blood
results to calculate their renal function, thus hoping to improve their skills before they go into

practice.

The VP simulation integrated hospital notes and a drug chart which individuals needed to look
through and use to complete the simulation. Trainees were expected to look at the drug chart and
amend it based on the VP’s reduced renal function. Trainees could adjust the dose of any of the VP’s

medications and they were told of the appropriateness of their choice in the feedback. This is a key
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part of pharmacists’ role and the simulation provided a chance for pre-registration trainees to
practice clinically checking a prescription, in a safe environment, before qualifying. The drug chart
also contained an interaction based on advice issued by the Medicines and Healthcare Products
Regulatory Agency (MHRA) (2012). This was aimed to raise awareness of the MHRA bulletins and
help trainees understand the importance of keeping their knowledge up-to-date to ensure patient
safety and promote continuing professional development (CPD), as well as understanding what

action should be taken upon identification of a drug interaction.

The case and associated multiple choice questions were created by collation of information from the
following resources: British National Formulary 65 edition (Joint Formulary Committee, 2013),
Martindale Online (Brayfield, 2014) Summary of Product Characteristics of Enoxaparin (eMC, 2015),
The Renal Drug Handbook (Ashley and Currie, 2008) and Introduction to Pharmaceutical Calculations

(Rees et al., 2010).

This case was piloted by review with two members of staff, as well as the supervising team and

amendments were made from comments received.
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5.8.3 Child Illness

The aim of this case study was to provide pre-registration trainees with an opportunity to practice a

consultation to diagnose and treat a child with a specific illness (Figure 5-4).

Can| see the rash?

a0

You can now continue the conversation with the patient. You will notice at this stage that there are no longer any.
suggested phrases
Please make surs you entst dose and then frequency, when and where it is appropriate.

Finished advising the patient and carer?

(<] Show Am Show Mouth (> RIN<] Show Amm Show Mouth ©

Patient's arm * Patients mouth

Figure 5-4 Still image from the childhood illness VP simulation. The pop-up images display the
child’s rash on their arm and the Koplik Spots in the mouth. These images remain available to view
throughout the simulation, once the user has asked to see them. The avatars in this simulation are
the grandmother and the child. The ‘free-text’ question bar can be seen at the top of the page. See
Appendix 17 for more pictures of the childhood iliness VP simulation. See link to case study in
Appendix 9.

The learning objectives for this case study were to

Demonstrate an improvement in knowledge of common childhood conditions
Describe the differences between several childhood conditions
Explain the options available for OTC treatment in children

Identify the reference sources available for more information regarding childhood conditions
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Many childhood conditions are associated with a rash and this case study encouraged pre-registration
trainees to use their current knowledge and develop new knowledge to differentiate between the
various types of rash and their associated symptoms. Although measles is a condition which may not
be seen regularly seen in community pharmacies, the prevalence of it is increasing, which led to the
research team believing that pre-registration trainees should be able to distinguish it from other
childhood conditions (WHO, 2015). In this simulation, the child presented with measles and the VP
case was designed such that, when users asked to view the rash an image of the child’s arm enlarged,
and when asked to check inside the mouth an image of the oral cavity appeared (Figure 5-4). Once
these questions had been asked, the images could be viewed multiple times during the simulation to
allow the user to inspect the visible symptoms before making a diagnosis. Utilising the animations in
this way provided an opportunity to demonstrate the abilities and realism of the VP technology;

rather than taking stock images of these symptoms from the internet or textbooks.

In the VP simulation, once trainees had identified the condition as measles, they were required to
provide the grandmother with appropriate treatment and advice for the child. Treatment of children
is different to that of adults because their physiology differs, which affects the pharmacokinetics and
pharmacodynamics of medicines (Stephenson, 2005; Fernandez et al., 2011; Batchelor and Marriott,
2013). Pre-registration trainees should understand the medicines which are licensed for use in
children, appropriate self-care advice for children and when children should be referred to an
alternate healthcare provider. The VP simulation drew on the MHRA guidance on paracetamol,
ibuprofen and cough and cold treatments in children (MHRA, 2009, 2011). Prior to the creation of
this case in 2014, the doses of ibuprofen and paracetamol in children had been recently updated and
it was considered appropriate for trainees to be aware of this change and be able to advise on the
current recommended doses in practice. Simulation has been identified as an effective means of
teaching paediatric care to pharmacy students (Tofil et al., 2010), thus it was hoped that similar

positive results would be identified in this research.
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The case and associated multiple choice questions were created by collation of information from the
following resources: BNFc (Paediatric Formulary Committee, 2014) CPPE Responding to Minor
Ailments (CPPE, 2012b), NHS Choices Measles (NHS, 2014f), NHS Choices Meningitis (NHS, 2014g),
NHS Choices Croup (NHS, 2014d), NHS Choices Chicken Pox (NHS, 2014a), NHS Choices Mumps (NHS,
2014h), NHS Choices Impetigo (NHS, 2014e), NHS Choices Cold Sore (NHS, 2014b), NHS Choices Colic

(NHS, 2014c), NHS Choices Whooping Cough (NHS, 2014i).

This case was piloted by review with two members of staff, as well as the supervising team and

amendments were made from comments received.

5.9 Non-Interactive Case Study Design

The NI case studies acted as the control measure. At University and during pre-registration training,
students/trainees commonly use paper-based clinical case studies to aid their learning. These often
consist of an introductory paragraph summarising the case followed by a set of questions. The NI
case studies in this research were designed to be similar to these paper-based cases, however users
were provided with immediate feedback after completing them. Real world paper-based case
studies may not be associated with immediate feedback, making these NI case studies a better
control for the VP cases; as the provision of individualised feedback is a component of the VP
simulations. However, this may have reduced the likelihood of finding a statistically significant

difference between the two learning tools.

The NI case studies were created as a ‘Google Form’ on Google Drive. At the beginning of each case
study, the individual learning objectives associated with that case study were listed along with an
introductory paragraph to summarise the case study. This was then followed by a number of
guestions and associated text-boxes, in which trainees were required to write their answers before

submitting them. Feedback was then provided by displaying the ‘textbook’ or ‘model’ answer for
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each of the questions, an explanation of the correct answer and signposting to resources for further
reading. Users were required to enter text in each of the textboxes, otherwise they were unable to

submit their answers and progress to the feedback.

Although the case studies were created on Google Drive, they were still considered to be non-
interactive as, apart from answering questions, there was no interactivity between the user and the
learning tool. As Google Drive was used for the pre-and post-MCQs and the questionnaires, the NI
case studies were also created as Google Documents as it was considered the most appropriate
method to provide participants with the cases. Google Drive also allowed for the immediate delivery
of feedback or ‘textbook’ answers which may not have been as streamlined had paper-based cases
been created and emailed out individually. The immediate feedback may have increased the use of
the NI case studies and potentially reduced the difference in perceived benefit between them and

the VP cases.

The topics of the NI cases were the same as the VP cases (EHC, renal function and childhood illness)
to allow for a direct comparison of learning tools (see Appendices 10, 18 and 19). The cases were
created by the research team in line with the learning objectives described in section 5.8. The extra
NI case studies (mentioned in section 5.3) that were provided to those participants who completed
both questionnaires can be seen in Appendices 20, 21 and 22. These case studies were on the topics
of anticoagulants, drug interactions and cardiovascular disease and were chosen as they were
considered further topics which may be useful for pre-registration trainees to have more

experiences on.
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5.10 Data Collection

5.10.1 Pre- and Post-MCQs

Quantitative data was obtained from the pre- and post-MCQs associated with each case study
(Appendices 8, 23, 24). For each case study, the pre- and post-MCQs consisted of the same 20
guestions which were related to the specific case study topics. The pre- and post-MCQs were
created using the resources as discussed in sections 5.8.1, 5.8.2 and 5.8.3 and were used to assess
any knowledge improvement within and between the VP and NI groups. Each question was
associated with one mark, in terms of scoring knowledge. Using the same or similar questions on
pre- post-tests has been shown as an effective way of monitoring knowledge improvement from
educational interventions in the literature (Duque et al., 2008; Benedict and Schonder, 2011; Seybert

and Kane-Gill, 2011; Battaglia et al., 2012; Ray et al., 2012; Branch, 2013; Douglass et al., 2013).

5.10.2 Questionnaire

The aim of the questionnaire was to obtain a standardised measure of pre-registration trainees’
reported views on the VP and NI case studies, using Likert statements, to allow for comparisons to
be made. Open-ended questions were included to obtain further insight into trainees’ thoughts on

the case studies and allow for triangulation with the data obtained from the telephone interviews.

After reviewing the literature, it was apparent that evaluative questionnaires are an established tool
to compare thoughts on different learning tools (Watson, Norris, et al., 2006; Cohen et al., 2007;
Cook and Triola, 2009; Salter et al., 2014). In particular, Likert scales have been effectively used to
obtain thoughts and opinions which can provide context for more qualitative data (Fuhrman Jr. et
al., 2001; Hussein and Kawahara, 2006; Zary et al., 2006; Orr, 2007; Basit, 2010; Gallimore et al.,

2011; Gormley et al., 2011; Benedict et al., 2013; Douglass et al., 2013). Rather than attempting to
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construct an evaluative questionnaire for use in this research, it seemed more appropriate to
consider using one that had already been created and validated. However, a review of the literature
identified a lack of validated instruments which have been used to evaluate VPs as a learning tool

(Kardong-Edgren et al., 2010).

The development of a questionnaire, when done correctly, is a resource and time intensive task
(Oppenheim, 1998; Sapsford, 1999; Cohen et al., 2007). Questions must be carefully crafted for their
utility and comprehension and one must also bear in mind the length of time respondents may take
to answer questions (Sapsford, 1999). Thus, when creating the questionnaire for this research, it
seemed appropriate to adopt questions from validated evaluation instruments which were present
in educational literature or instruments used in published VP literature (Appendix 25) (Abdo and
Ravert, 2006; Lambton et al., 2008; Leng et al., 2009; Kardong-Edgren et al., 2010). The paper by
Kardong-Edgren et al. (2010) was a review article and was primarily used to find published

instruments, thus is not included in Appendix 25.

The validity and reliability of the questionnaire needed to be measured to ensure it was appropriate
to use and the results able to be show a meaningful effect. As previously pointed out in section 4.6.2,
the concept of validity concerns whether a test measures what it claims to measure (Sapsford, 1999;
Cohen et al., 2007; Bryman, 2012; Braun and Clarke, 2013). The questionnaire created for this
research was piloted (Chapter 6), the results from which, and a review of the questionnaire by the

supervisory team and two other practicing pharmacists ensured the content validity of the tool.

As previously discussed in section 4.6.1, reliability is the reproducibility of a measure and is linked to
error; such that a test with high reliability will be accurate, and produce less measurement error
than a test that is not reliable (Sapsford, 1999; Braun and Clarke, 2013). When scales are intended to
measure a single construct, internal consistency in responses across items, as reflected by an index

such as Cronbach's coefficient alpha (a), is an appropriate measure of reliability (Cronbach, 1951;
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Frey and Edwards, 2001; DeVellis, 2003). It essentially measures the correlation between items on a
questionnaire (Bland and Altman, 1997). The number of items in a scale can influence the result of a,
but a commonly used cut-off point for acceptable internal consistency is a Cronbach’s a of 0.7
(Campbell et al., 2007; Field, 2009). Cronbach’s alpha reliability coefficient normally ranges between
0 and 1; the higher the score (the closer the coefficient is to 1.0) the greater the internal consistency
of the items in the scale (Gliem and Gliem, 2003). Cronbach’s a was used to measure the internal
consistency of the created questionnaire, the results of which are presented in Chapter 6 (section

6.8.2) and Chapter 8 (section 8.3).

Quantitative data was obtained from the Likert ranking scale in the questionnaire. Each statement
was associated with a 5-point Likert scale on which participants had to rank their agreement, on
which 1 related to ‘strongly disagree’ and 5 related to ‘strongly agree’ with the middle-point (3)
being ‘undecided’. A 5-point scale was chosen to allow for this neutral point to be included as it was
considered appropriate to provide trainees with the option to be undecided. The inclusion of a
neutral point is debated in the literature with some believing it should not be provided as individuals
should be forced to make a decision (Kalton et al., 1980; Krosnick et al., 2002). In contrast, Fowler Jr
(1995) has stated the importance of including a neutral point as some individuals may not feel they
have enough information to either agree or disagree with a particular statement and forcing them to
have an opinion may reduce the reliability of the data collected (Converse and Presser, 1986;

Oppenheim, 1998).

The same questionnaire was provided to trainees in the VP and NI groups so a direct comparison of
Likert statement agreement between the groups could be made (Appendix 6). The 20 statements on
the Likert scale are listed in Chapter 6 (section 6.8.3). No changes were made to the questions after
the pilot study as they were reported as being worded appropriately by all participants. The 20

statements covered areas of realism, enjoyment, ease of use, developing skills and knowledge,
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improving confidence and overall enhancement of learning. Qualitative data was obtained from the
open-ended questions on the questionnaires. The open-ended questions were based on those used
in evaluative questionnaires in the literature, and concentrated on trainee’s likes and dislikes of the
cases, improvements to the case studies and their inclusion into the pre-registration training year

(Gordon et al., 2001; Wrzesien and Alcafiiz Raya, 2010; Hurst and Marks-Maran, 2011; Aebersold et

al., 2012; Kononowicz et al., 2012; Seybert et al., 2012).

The questionnaires were electronic and were created as a Google Drive document. All questions
were made compulsory to answer and trainees were unable to submit the questionnaire without
selecting a response for each statement on the Likert scale or typing in each open-question answer
box. This ensured an abundance of data was obtained but also may have reduced the reliability of
the results, as individuals may have only given an answer because they were required to or may have

given specific answers based on what they thought the researcher wanted to find out.

5.10.3 Telephone Interviews

A semi-structured interview guide was created to obtain an in depth, qualitative exploration of
trainees’ perspectives on the learning tools (Appendix 7). The question guide for the interviews was
initially based on the literature review and objectives for the study but was further tailored to each
individual participant based on the quantitative and qualitative results obtained from the
questionnaire. The discussion points included: perspectives on VPs (or the NI case studies) as a
training tool, perspectives on trainees support during pre-registration training and perspectives on

the use of VPs as an OSCE tool.

In brief, the discussion point based upon perspectives on VPs as a training tool covered trainees’
overall thoughts on the VP or NI case studies (dependent on which group they were allocated to and

whether they had used the VP technology). It also explored the case studies which they found most
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useful and why. Trainee’s individual development from completing the case studies was
investigated; such as their knowledge base on the particular topic areas, any skills (e.g.
communication, consultation, calculation) and their general competency development in relation to
their evidence portfolio. Questions relating to their enjoyment and inclination to study using the
learning tools were asked. Questions also included whether trainees felt they would use the learning
tools again for future training. Trainees’ thoughts on improvements and barriers to use of the

learning tools were also explored.

The topic on perspectives on their support during pre-registration training covered trainee’s
individual support levels from their training site or tutor. This was to establish the variation in the
levels of support and whether the integration of other learning tools (such as the VP) may provide
practice in areas they may not experience during the training year. Trainees’ thoughts on areas
where they would have liked more support were explored, including other case study topics which
may be useful for pre-registration training. The integration of the learning tools into the training year

was also explored.

Pre-registration trainee perspectives on the use of VPs as an OSCE tool were explored to determine
if this was an area where individuals felt the learning tool may offer benefit. Trainees were asked
about their experiences of OSCEs during the training year to determine variation within and between
the sectors. Their thoughts were also explored on the use of VP case studies in place of paper-based

OSCE case studies, or as a preparation tool.

The interview was directed by the trainees to allow expression of their thoughts and opinions in their
own words. Although a question guide was created, the semi-structured nature of the interview
allowed for a more flexible approach to be taken (as discussed in Chapter 4, section 4.5.3). As
interviews were conducted over the phone, an extra effort was made to ask open questions to help

build rapport. However, it was important that some structure remained in the interview and if
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specific issues which were included in the interview guide were not covered, these questions were

asked at a later stage (Britten, 2000).

Consent was obtained prior to the interview to allow for digital recording of the interviews. These
recordings were then transcribed verbatim for analysis. In addition, reflective notes were made
during and after each interview. This encouraged the noting down of any important comments or
information which could have been missed in the transcribing process. It also allowed for the
reflection on the interview process itself, regarding the flow of questions, wording of questions and

how responsive participants were to certain questions.

5.11 Data Analysis

5.11.1 Pre- and Post-MCQs

Answers on the MCQs were marked as being ‘correct’ or ‘incorrect’. Statistical tests were conducted
to assess any knowledge improvement within or between the groups for each case study. The data
was first screened for completeness and violations of assumptions (Brick and Kalton, 1996). Those
trainees who did not complete each set of pre- and post MCQs were excluded from further analysis -
e.g. if a participant completed the pre- and post-MCQs for case study 1 but only the pre-MCQs for
case study 2, they were included in the analysis for case study 1 but excluded from the rest of the

study and thus any further analysis.

Field (2009) was used to identify the most appropriate statistical tests for analysis of the scores
obtained from the pre- and post-MCQs. Firstly, descriptive statistical tests were done on the scores
obtained from the MCQs for each case including the means, standard deviations, modes, medians
and ranges of scores. Descriptive statistics allow for the presentation of data to establish patterns but

they do not allow any conclusions to be drawn from the data (Harris and Taylor, 2004).
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Inferential statistical tests were also carried out on the MCQ scores to determine any significant
differences between the variables (learning tool group, sector of training, gender of participants)
(Sullivan and Artino Jr, 2013). Quantitative analysis was carried out using Microsoft Excel and IBM
SPSS Statistics v21 (2016). Dependent t-tests (paired t-tests) compare the means of two related
groups to determine any statistically significant difference and were used to assess individual
trainee’s knowledge improvement from pre- to post-MCQs, for all case studies (Salkind, 2011; Field,
2009). Independent t-tests compare the means of two unrelated groups to determine any statistically
significant difference and were performed to determine any difference in knowledge between each
group, sector of training and participant’s gender (Salkind, 2011; Field, 2009). In this research, three
different variables potentially affecting knowledge improvement scores were considered (learning
tool group, sector of training and gender). Multiple regression is an analysis technique used to
determine the relationship and predict an outcome from two or more variables and thus, it was used
to determine any relationships between the three variables and the resulting knowledge
improvement score (Salkind, 2011; Field, 2009). Two-tailed hypothesis testing was used with a
significance level (a) set at 5% (p<.05) to determine if there was a positive or negative change in

trainees’ knowledge from using the VP rather than the NI learning tool.

The normality of data distribution was assessed using the Shapiro-Wilkes test and Q-Q plots (Field,
2009). For the three different case studies, the results of the Shapiro-Wilkes test were found to be
both significant (data was not normally distributed) and non-significant (data was normally
distributed). The visual distribution of data using the Q-Q plots was assessed and found to be normal.
Differences in normality distribution are associated with sample size, as in larger sample sizes (>30),
significant results are commonly found even in the case of small deviations from normality, although
this small deviation will not affect the results of a parametric test (Field, 2009; Ghasemi and
Zahediasl, 2012). As a result, parametric tests were used to analyse the data. Parametric tests are

inherently stronger than non-parametric tests but they are only valid if data distribution is normal. If
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non-parametric tests are used, they usually require a larger sample size to find a significant difference
between groups because they are less powerful (Fowler et al., 2002; McCrum-Gardner, 2008; Salkind,

2011; Sullivan and Artino Jr, 2013).

5.11.2 Questionnaire

Scores on the Likert ranking statements underwent descriptive statistical analysis for both the VP
group and the NI group. The data was first screened for completeness and violations of assumptions
(Brick and Kalton, 1996). Trainees who didn’t complete the questionnaire were excluded from the
rest of the study. Missing data from the questionnaire was not a problem because each question was
required to have a response, thus every questionnaire which was submitted was completed in full

(although some responses were not as appropriate, as discussed in Chapter 8).

The median score for each statement was calculated. Likert scales produce ordinal data (McCrum-
Gardner, 2008) and as such, it has been identified that the mean (and standard deviation) are
inappropriate at representing the data and, instead, the median or mode may be a more appropriate
measure of central tendency (Jamieson, 2004). The response categories in a Likert scale have a rank
order, but the intervals between values cannot be presumed equal, thus it cannot be assumed that
differences between responses are equidistant. Finding an ‘average’ or mean agreement score may
not accurately portray the data that is obtained, especially if responses are clustered at the extreme
ends of the scale (Jamieson, 2004). This led to median scores being calculated. Percentage
distribution of agreement for each statement in the Likert scale was also calculated and tabulated as
this has been identified as a suitable method for illustrating Likert responses (Jamieson, 2004; Sullivan

and Artino Jr, 2013).
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Within the literature, conflicting views are reported on the use of parametric or non-parametric tests
to analyse ordinal data, such as that obtained from Likert scales. It has been argued that ordinal data
cannot be analysed using parametric tests due to the lack of specific and measurable intervals
between the ranks (Jamieson, 2004; McCrum-Gardner, 2008; Sullivan and Artino Jr, 2013). In
contrast, it has been argued that parametric tests are appropriate to analyse ordinal data if the
sample size is large enough and the data follows a normal distribution (Jamieson, 2004). In 2010, de
Winter and Dodou investigated whether a t-test (parametric) or Mann-Whitney U test (non-
parametric) was more appropriate at analysing Likert scale data. They found that there were no
significant differences between the two and concluded that researchers should feel able to use
whichever methods of data analysis they believe are most appropriate based on the data collected,
research questions, sample size and distribution of data. As a result, Mann-Whitney U tests were
conducted on the median scores to determine any significant differences in reported thoughts of the
VP case studies versus the NI case studies. Parametric tests, such as independent t-tests, were not
chosen as a statistical analysis technique because the Likert scale had been created without any
numbers attached to the categories of agreement and it was not considered appropriate to assume
that individuals distinguished the intervals between the categories as equal; which would be required

for an independent t-test.

The open-ended questions from the questionnaire were analysed using content analysis due to the
flexibility of the method (Wilkinson, 2000). Comments from questionnaires traditionally are more
limited in their richness than compared to, for example, interview transcripts, which makes content
analysis an appropriate technique. Content analysis involves converting the qualitative data into a
quantitative form by counting the number of responses in each category and then summarising the

number or percentages of responses for each category in tabular form.
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All comments provided by respondents were imported into a Microsoft Excel spreadsheet for coding.
Comments were received on a range of issues, which led to a more inductive approach initially to
ensure all relevant comments were included in the analysis, before comments were categorised into
themes deductively (Pope and Mays, 1995). Comments were coded to allow counts of themes to be
summed to derive frequencies, which related to the number of times themes were present in the

data (Wilkinson, 2000).

The process of content analysis was followed to allow the identification, organisation and indexing of
text to provide frequencies of coded themes succinctly in tables. The broad themes generated from
the content analysis related to the usability of the VP, the design of the case studies and the

usefulness of the VP as a learning tool.

5.11.3 Telephone Interviews

The recordings of the telephone interviews were transcribed verbatim by an experienced transcriber.
The transcripts were then checked for accuracy by the lead researcher (JT) by comparing with the
recorded interviews to allow any discrepancies to be caught and amendments to be made where

appropriate.

The framework analysis approach was used to analyse the qualitative data from the telephone
interviews as described by Pope et al. (2000) and Gale et al. (2013). It has been noted that “good
qualitative analysis is able to document its claim to reflect some of the nature of a phenomenon by
reference to systematically gathered data,” thus the rigorous and structured approach of the
framework analysis was adopted (Fielding, 2008). The framework approach sits within the family of
thematic analysis methods and, as such, is a flexible tool that can be adapted for use with many types
of data or qualitative approaches and is not aligned with a particular epistemological, philosophical,

or theoretical approach, which was considered beneficial for the mixed methods approach adopted in
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this thesis (Gale et al., 2013). A framework analysis approach reflected the inductive background
work and early theme derivation from the questionnaires but also developed deductively from the

study aim and objectives (Pope et al., 2000).

There are typically five stages in the framework approach. These were used to identify and collate the
interview data into themes and subthemes. The five stages are: familiarisation, identifying a thematic
framework, indexing, charting, mapping and interpretation (Pope et al., 2000). All stages are closely
connected and result in coherent themes being identified which represent the data. The five steps of

the technique can be briefly outlined as follows:

Familiarisation - The researcher familiarises themselves with the data by listening to audio recordings,
reading through transcripts, studying reflective notes and generally immersing themselves in the
data.

Identifying a thematic framework -The researcher identifies the key issues, concepts and themes by
which the data can be analysed to create a thematic framework. This is developed through a priori
theories and the data itself (more inductively) from which the data can be coded.

Indexing — The researcher ‘indexes’ the transcripts through applying the thematic framework to the
data. This includes annotating all transcripts with the relevant codes to ensure all important data is
identified appropriately.

Charting — The researcher creates a data matrix chart for each theme with subtheme headings
making up the columns and participants used as rows. An abstracted and synthesised version of the
coded text is then placed into a cell within the chart and the source of the text is referenced.
Mapping and Interpretation - The researcher begins to pull together the key characteristics of the
data and interpret the data set as a whole. This includes identifying and understanding the different

concepts, associations and explanations of phenomena from the data.
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A process of constant comparison was adopted throughout the framework analysis (Pope and Mays,
1995; Pope et al., 2000; Gale et al., 2013). This involved the constant reading and re-reading of the
interview transcripts in order to attempt to really understand and become familiar with the data and
concepts that were expressed. Interview transcripts were compared with each other to establish
analytical categories and allow identification of similarities or differences of opinions. It was an
inclusive process and thus, views which differed from the majority were coded and included in the
thematic framework (Pope et al., 2000). Additionally, field notes were kept which allowed a

discussion about emerging themes with the PhD supervisors.

5.12 Confidentiality and Data Protection

In the interests of patient confidentiality, all personally identifiable information collected during the
course of the research was protected according to the Data Protection Act 1998. All electronic
consent forms, questionnaires and interview recordings were stored on password-protected,
encrypted media that only the lead researcher (JT) had access to. Hardcopies of this documentation
were kept secure in a locked cupboard that only the lead researcher (JT) had access to. All
information was stored, analysed and published using participant numbers instead of names, and
only the author knew the identity of the individuals. Interviews were done over the telephone but it
was made sure they were done in a private office with only the lead researcher (JT) present. Care was
taken to ensure that information has not been included in any reports, publications or this thesis
which could result in identification of individuals. All participants were informed in the Participant
Information Sheet before giving their consent that these measures would be adhered to. At the end
of the study all data and documents containing personally identifiable information were destroyed

and made irretrievable.
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5.13 Chapter Summary

This chapter outlined the methods used in this study. The overall aim of the study was to evaluate the
effectiveness of VPs at supporting pre-registration training when compared to a non-interactive
learning tool. This was achieved by using both quantitative and qualitative data collection and
analysis methods. Purposive sampling methods were used to identify and recruit pre-registration

trainees to the research.

The virtual patient technology itself has been explained, including the role of the research team and
animation team in the design process. The specific avatar and non-interactive case study topics were
emergency hormonal contraception, renal function and childhood illness; each of these has been

discussed in detail, including the reasoning for choosing these topics.

The data collection procedures have been discussed in relation to the different kinds of data obtained
from this research. Quantitative data was obtained from the pre- and post-MCQs and the Likert scale
on the questionnaire. Qualitative data was obtained from the open-ended questions on the
guestionnaire and the telephone interviews. The use of both quantitative and qualitative methods of
data analysis have also been discussed with particular reference to the use of parametric tests,
content analysis and framework analysis. The mixed methods used in this research allowed for both
the effectiveness of the VP and NI case studies as learning tools to be assessed and further

exploration of pre-registration trainee’s perspectives on the tools themselves.

The study components were evaluated in a feasibility pilot study, which will be presented and

discussed in Chapter 6.
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6. Pilot Research

6.1 Introduction

This chapter describes the pilot study that was undertaken to refine the methodology, methods and

data collection instruments.

This chapter begins with the aims and objectives of the pilot study (section 6.2). The study design is
then described in section 6.3 and the ethical approval procedures in section 6.4. The sampling
approach and recruitment of participants are discussed in section 6.5 before explaining the data
collection (section 6.6) and data analysis (section 6.7) procedures. The key findings are presented in
section 6.8 and discussed in section 6.9. The chapter ends with a summary of the key points in section

6.10.

6.2 Aim and Objectives

The overall aim of a pilot study is to obtain data to learn about the research process, questions,
techniques and yourself as the researcher (Glesne, 2011). As discussed in Chapter 4 (section 4.6),
validity and reliability are important methodological considerations and a pilot study can enhance the
validity and reliability of a research study by allowing for multiple aspects of the proposed research
process to be tested and the research statement and questions to be clarified if necessary (Glesne

2011).

The aim of this pilot study was to evaluate one virtual patient case study, one non-interactive case
study, their associated multiple-choice questions and the evaluative questionnaire which were

created for use in the main study.
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The objectives of the pilot study were to:

1. Review the design of the VP case study, including ease of use and accessibility

2. Review the wording of the NI case study, the MCQs and questionnaire for their difficulty level
(appropriate for pre-registration trainees), ambiguity and relevance

3. Test whether the questionnaire allowed for user’s thoughts on the VP technology to be
collected and compared with thoughts on the NI learning tool

4. ldentify any improvements which may increase the usability of the learning tools in the main

study

6.3 Study Design

An exploratory study was conducted, which utilised a questionnaire to collect quantitative and
gualitative data. Previous pilot studies evaluating simulation tools have used similar exploratory
designs which provided the researchers with an opportunity to test the components for their
research (i.e. their usability) and also to determine whether users’ thoughts on the learning tools
could be successfully collected by the questionnaire (Kurtz et al. 2007; Zary et al. 2006; Forsberg et al.

2011; Lin et al. 2013; Yang et al. 2013).

In this pilot study, participants were asked to work through a VP case study on the knowledge and law
of supplying emergency hormonal contraception (EHC) and a NI case study to calculate an infusion
rate. The case study topics were chosen by the research team and the cases were written and
developed by the research and animation teams at Keele University, School of Pharmacy. The
justification for the EHC case study was provided in Chapter 5 (section 5.8.1) and related to
pharmacists’ variation in knowledge of EHC. The justification for the inclusion of a calculations-based
case study was provided in Chapter 5 (section 5.8.2), although this related to the renal function case

study, the research regarding pharmacy students’ calculations skills remained the prominent reason.
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Both case studies included MCQs for participants to complete which were being evaluated for the
appropriateness of their wording and difficulty for pre-registration trainees. A questionnaire
consisting of Likert scale ranking statements and a series of open-ended questions was provided for
participants to complete after each case study. This would allow the research team to determine if
the questionnaire was suitable to collect and compare user’s thoughts on the two learning tools (as
discussed in Chapter 5). The questionnaire was also reviewed for wording, ambiguity and relevance of

questions by use of an evaluative survey (Appendix 27).

6.4 Ethical Approval

An application to conduct the pilot research was submitted to the Keele University Ethical Review
Panel in December 2013; approval for this was granted in February 2014 (Ref: ERP1178) (Appendix

28).

The application was accompanied by the invitation letter (Appendix 29) participant information sheet
(Appendix 30), consent form (Appendix 31), the multiple-choice questions (Appendix 26),

questionnaire and evaluative survey (Appendix 27).

6.5 Sampling and Recruitment

A small purposive sample was used to test and refine the proposed methods for the main study.
Purposive sampling was used because the pilot study did not require generalisable data, it was simply
to determine if any changes needed to be made to the research components (Henry, 1990).
Purposive sampling was used to recruit pre-registration trainees and newly qualified pharmacists
(NQPs) to this pilot study. The main study was evaluating VPs with pre-registration trainees, thus pre-
registration trainees were recruited for the pilot study; to determine if the case studies and data
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collection tools were appropriate for their level of training. NQPs were also invited to participate as
they would be in the early stages of their career, having just finished pre-registration training, and

thus may provide helpful comments regarding the case studies or data collection tools.

Overall 30 pre-registration trainees and NQPs who were Keele alumni (n=10) and members of the
British Pharmaceutical Students’ Association (BPSA) (n=20) were invited to participate over social
media (Appendix 32). Social media was used to recruit participants because it provided high
accessibility for the purposive sample. A representative sample of all pre-registration trainees or first
year qualified pharmacists in the UK was not required and social media provided access to a variety of
participants for a pilot study. When invited to take part, participants were presented with a copy of
the participant information sheet. Those who decided to participate were provided with a Google
Drive link to the electronic consent form. Individuals were unable to participate in the pilot study if
they did not provide their consent by electronically signing and dating the consent form. Participants
were then provided with a participant number to uphold anonymity. All the study components were
linked together via Google Drive as this method was proposed for the main study, thus the pilot study

provided an opportunity to test this.

6.6 Data Collection

The questionnaire which was created for use in the main study, was provided for participants to
complete after each case study. Questions on both questionnaires (for the VP case study and NI case
study) were the same to determine the appropriateness of use for both groups in the main study and
whether views on the two learning tools could be collected. The design of the questionnaire has been
discussed previously in Chapter 5 (section 5.10.2). The questionnaires consisted of 20 Likert ranking
scale statements (5 = strongly agree, 1 = strongly disagree) and open-ended questions to explore

participant thoughts on likes, dislikes and improvements for the case studies and VP technology.
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A separate evaluative survey was created for this pilot study. This survey consisted of closed and
open-ended questions to collect data on the wording, ambiguity and relevance of questions on the

guestionnaire and MCQs.

6.7 Data Analysis

Descriptive statistical analysis was carried out on the scores from the Likert ranking scale to
determine whether the questionnaire was an appropriate tool to identify differences in thoughts
between the learning tools. The number of participants agreeing with each statement and frequency

distributions of the spread of data on the Likert ranking scales for each case study was determined.

Qualitative data obtained from the questionnaires and evaluative survey were analysed via content
analysis (Chapter 5, section 5.11.2). Comments from the questionnaires and survey were coded into
themes before being counted to determine the frequency of responses for each theme. The small
sample size in this pilot study and the use of questionnaires rather than more exploratory interviews,
led to the decision that content analysis would be the most appropriate analytical technique

(Wilkinson, 2000; Hsieh and Shannon, 2005).

6.8 Key Findings

6.8.1 Demographic Results

Table 6-1 provides demographic data of the participants involved in the pilot study. Ten participants
consented to take part in the pilot study; four pre-registration trainees and six first year qualified

pharmacists. An equal number of participants came from hospital and community.
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Demographic Information Number of participants (%)

Female 7 (70%)
Gender

Male 3 (30%)
Age 20-25 100%

White 7 (70%)
Ethnicity Indian 1 (10%)

Chinese 2 (20%)

Pre-registration Trainee 4 (40%)
Level of Training

Newly Qualified Pharmacist | 6 (60%)

Community 5 (50%)
Sector of work

Hospital 5 (50%)

Yes 4 (40%)
Previous VP Experience

No 6 (60%)

Table 6-1 lllustrates the demographic details of the participants in the pilot study.

6.8.2 Internal consistency
As explained previously in Chapter 5 (section 5.10.2), Cronbach’s a was used to measure the internal

consistency of the questionnaire.

An overall Cronbach a score of 0.95 was obtained for the VP survey and 0.87 for the NI survey from
the pilot study sample. This led to an average Cronbach a score of: 0.91 which demonstrated good
reliability of the survey; as the closer the coefficient is to 1 the greater the internal consistency of the
items in the scale (Gliem and Gliem, 2003). Resulting from the high level of internal consistency, the

questionnaire was used with no changes in the main study.

6.8.3 Quantitative Results

The Likert statements were ranked as strongly agree (5) to strongly disagree (1).

The statements from the Likert ranking scales, and their descriptions are provided in Table 6-2.
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Statement (S) | Statement description

Number
1 The simulations provided a realistic patient simulation
2 When completing the simulations | felt as if | were the pharmacist caring for
this patient
3 When completing the simulations | felt | had to make the same decisions as a

pharmacist would in real life

4 The simulations were interesting

5 The simulations were enjoyable

6 The difficulty of the simulations were appropriate for my level of training
7 The feedback | received was adequate for my needs
8

9

The objectives for the simulations were clear and easy to understand
| was able to access the simulations at my convenience

10 The simulations helped develop my clinical reasoning skills

11 The simulations helped develop my problem-solving and decision-making skills

12 The simulations have helped me to put theory into practice

13 | am confident | am developing skills from the simulations that will be required
in practice

14 | am confident | am gaining knowledge from the simulations that will be
required in practice

15 It is my responsibility to learn what | need to know from the simulations

16 Completing the simulations has improved my confidence for the pre-
registration exam

17 | feel better prepared to care for real-life patients

18 | feel more confident about collaborating with patients and other healthcare
professionals

19 The simulations have increased my confidence about practicing as a
pharmacist

20 Overall, the experience has enhanced my learning

Table 6-2 The statements included on the Likert scale.

Figure 6-1 (page 167) illustrates the percentage distribution of agreement for each of the statements
on the Likert ranking scale for the VP case. When using the VP case, the majority of participants
ranked themselves as either 5 or 4 on the scale for all statements (strongly agree, agree). Fewer
participants ranked themselves as ‘undecided’ and only on five occasions did participants ‘disagree’

with a statement. No participants ranked themselves as a 1 (‘strongly disagree’) for any statement.

Figure 6-2 (page 168) illustrates the percentage distribution of agreement for statements on the
Likert ranking scale for the NI case. When completing the survey for the NI case study, participants
also ranked themselves as 5 or 4 on the scale (strongly agree and agree) for the majority of the
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statements. Few participants felt they were ‘undecided’ with any statements and there were seven
responses overall disagreeing with the statements. Again, as with the VP case, there were no

participants who ‘strongly disagreed’ with any of the statements.

The median agreement of each statement on the Likert ranking scales was calculated for the VP and
NI cases to identify the measure of central tendency (Figure 6-3) (page 169). Figure 6-3 illustrates that
median agreement was higher for ten statements on the Likert scale regarding the VP case compared
to the NI case. These included: realistic patient experience (4.5 vs 4.0), interesting (4.5 vs 4.0),
enjoyable (4.5 vs 4.0), feeling like a pharmacist caring for a patient (5.0 vs 4.0), making the same
decisions as a pharmacist does in real life (4.5 vs 4.0), adequate feedback (5.0 vs 4.0), being able to
access the simulations at their convenience (5.0 vs 4.0), developing clinical reasoning skills (4.5 vs
4.0), putting theory into practice (4.5 vs 4.0) and increasing confidence at collaborating with patients
and other healthcare professionals (HCPs) (4.0 vs 3.5). Four statements had higher median agreement
for the NI case: appropriate difficulty (5.0 vs 4.0), developing skills that will be required in practice
(5.0 vs 4.0), gaining knowledge that will be required in practice (5.0 vs 4.5) and improving confidence
for the pre-registration exam (5.0 vs 4.0). For six of the statements, the median agreement was the
same for the VP case study and the NI case study: having clear objectives (4.0), developing problem-
solving skills (4.0), user’s responsibility to learn what they need to (5.0) feeling better prepared for
caring for patients in real life (4.0) increasing confidence about practicing as a pharmacist (4.0) and

overall enhancement of learning (4.5).
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Figure 6-1 lllustrates the percentage of participants (n=10) in each agreement category for the Likert Ranking Statements for the VP case.
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Figure 6-2 lllustrates the percentage of participants (n=10) in each agreement category for the Likert Ranking Statements for the NI case.
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Figure 6-3 Representation of the median agreement for each statement on the Likert Ranking Scales for both the VP and the NI case. The scale was
ranked 5 (strongly agree) to 1 (strongly disagree), therefore the higher the median score, the greater the agreement.



Further review of the data identified differences in reported agreement between pre-registration
trainees and NQPs. Both pre-registration trainees and NQPs reported that the VP case was more
realistic (4.5 vs 4.0) and enjoyable (pre-reg 4.5 vs 3.5, NQP 4.5 vs 4) than the NI case study. Both sets
of participants also reported that they felt more like the pharmacist caring for the patient in the VP
case study (pre-reg 5.0 vs 4, NQP 4.5 vs 3.5) and that they were making the same decisions as they
would need to in real life (pre-reg 4.5 vs 4, NQP 4.5 vs 4.0). Pre-registration trainees and NQPs also
both reported that the feedback provided from the VP case study was better than the feedback
provided at the end of the NI case (pre-reg 4.5 vs 4, NQP 5.0 vs 4.0). Both sets of participants
reported that they felt more confident about collaborating with patients and other healthcare

professionals after completing the VP simulation than the NI case study (4.0 vs 3.5).

Pre-registration trainees reported that the VP simulation was more interesting (4.5 vs 3.5) whereas
NQPs reported both styles of case study to be equally interesting (4.5). Pre-registration trainees
perceived the VP case study as easier to access than the NI case study (4.5 vs 4.0) whereas NQPs
reported no difference between the two cases and strongly agreed they could access both at their
convenience. Pre-registration trainees reported that the VP was better at helping them develop
clinical reasoning skills (5.0 vs 4.0) and putting theory into practice (5 vs 4) whereas NQPs reported no
difference between the learning tools for these statements (4). Overall, pre-registration trainees
perceived the VP case study to enhance their learning to a greater extent (4.5 vs 4.0) whereas NQPs

reported that the NI case study enhanced their learning to a greater extent (5 vs 4.5).

Both sets of participants reported that the NI case study was of more appropriate difficulty (pre-reg
4.5 vs 4, NQP 5 vs 4) and the associated objectives were easier to understand (pre-reg 4.5 vs 4, NQP 4
vs 3.5). Pre-registration trainees reported the NI case study improved their confidence for the pre-
registration exam to a greater extent than the VP case study (4.5 vs 4.0) and made them feel better

prepared to care for real-life patients (4.5 vs 4.0) whereas NQPs reported no differences between the
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learning tools (confidence for the exam 5, confidence to care for patients 4). NQPs reported that the
NI case study allowed a greater development of skills (5.0 vs 4.5) and knowledge (5.0 vs 4.5) for
practice whereas pre-registration trainees reported no difference between the learning tools in these

developments (4.5).

The remaining three statements had no differences reported between the learning tools by pre-
registration trainees or NQPs. Both sets of participants believed the two case studies aided their
development of problem-solving and decision-making skills (pre-reg 4.5, NQP, 4), increased their
confidence about practicing as a pharmacist (pre-reg 4.5, NQP 4) and they identified that it was their
responsibility to learn what they needed to (pre-reg 4.5, NQP, 5). Despite the differences between
the pre-registration trainees and NQP’s, median agreement for all statements on both cases was in

the ‘strongly agree’, ‘agree’ or ‘undecided’ categories.

6.8.4 Qualitative Results

Content analysis of the open-ended questions on the questionnaire led to the identification of four

key topics with a series of themes within them:

Use of the case studies as learning tools, which included comments relating to the design and

usability of VP and NI case studies

e Utilisation of the case studies in the pre-registration training year, which included comments
regarding where users felt the case studies would be most beneficial in the training year

e Limitations of the case studies

e Suggestions for improvements of the case studies

As the comments relating to the two learning tools were so diverse from one another, these are

presented in Table 6-3 (VP case study) and Table 6-4 (NI case study). The tables display the themes
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derived from the comments, the number of times they were present across the comments (pre-

registration and NQP’s split) and an example quote relating to each theme.
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€LT

Theme

Number of participants expressing
theme

Pre-registration
Trainees

NQPs

Quote

Use of the case studies as learning tools

Novelty 2 3 “..different to any other learning format previously experienced by myself.” P1,
NQP

Realism 3 4 “I liked that there was a selection of answers to reply to the patient, more than just
a 'ves'and 'no'... | feel this is how | would communicate with a patient politely, and
it made the experience a lot more realistic.” P4, Pre-reg

Experiential Learning 4 4 “/It helps put learned knowledge into practice... in a safe and non-pressured
environment.” P2, Pre-reg

Feedback 4 2 “I especially liked the breakdown of what was 'good' and what | 'should have done'

at the end of the scenario.” P8, Pre-reg

Utilisation of the case st

udies in the pre-registration training yea

r

Revision Aid 2 4 “..useful for pre-registration students to have access to such case studies at home
to be used as a revision aid.” P1, NQP

Group Learning 3 1 “..pre-regs could discuss the case between themselves to share learning .... after a
regional day covering EHC for NHS pre-regs...” P5, NQP

OSCE Station 1 2 “This case study would fit well in an OSCE scenario...more realistic than a written
station and you wouldn’t need to bring in an SP!” P7, NQP

Limitations of the case studies

Free-Text sectionwas | 4 5 “At the end of the case study where | had to ask questions. | didn't realise that this

confusing section could also be used to counsel and give advice to the patient. | felt this wasn't
made clear.” P3, NQP

Recognition problems | 2 4 “It was difficult to enter information as the programme often didn't recognise these.

It became frustrating thinking how to reword things to make the programme
recognise them.” P5, NQP




VLT

Suggestions for improvements of the case studies

Example VP Case 2 1 “..an example of how to use the free-text section.” P8, pre-reg

‘Help’ Button 2 3 “The main improvement | would suggest is to have help ... someone to help with the
technical issues and guide the individual using it.” P2, pre-reg

Key Points 1 3 “Following the pre-test it might be useful to have a fact sheet highlighting key
points to provide some background information before commencing the case
study.” P6, NQP

Increase the question | 2 5 “Have a bigger question bank so the simulation can recognise what you are asking

bank and make it easier to progress through the case.” P9, Pre-reg

Table 6-3 Displays the themes, number of times commented upon and an example for the open-ended questions relating to the VP case study.
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Number of participants expressing
theme

Theme

Pre-registration
Trainees

NQPs

Quote

Use of the case studies as learning tools

Easy to complete

3

3

“Set out clearly and easy to follow.” P1, NQP

Calculation practice

4

4

“I liked that the calculations were real life, and were questions that are used in
practice.” P2, Pre-reg

Utilisation of the case studies in the pre-registration training yea

r

Revision Aid 3 2 “Easy to do at home and it was good to practice calculations because they are so
important for us...” P8, Pre-reg

Group Learning 2 3 “These types of cases could be done as a seminar every week...you could cover lots
of things and get trainees to feed back to each other.” P5, NQP

Limitations of the case studies

Quiz questions too 2 4 “Objectives relating to the treatment of an MI were not addressed by the case study

indirectly related ... if this is the case, need to provide extra resources or signposting.” P10, NQP

Not engaging 4 5 “The case study could have been presented in a more interesting way.” P9, Pre-reg

Suggestions for improve

ments of the case stu

dies

Key Points

1

2

“Information to be provided for the other objectives ... so equipped with the
knowledge needed to answer the post-case quiz.” P10, NQP

Table 6-4 Displays the themes, number of times commented upon and an example for the open-ended questions relating to the NI case study.




6.9 Evaluative Survey

From evaluating the wording of the MCQs and questionnaire it was found that 100% of participants
thought the multiple-choice questions were of suitable difficulty and 80% thought they would be able
to assess knowledge improvement. All participants thought the questions and Likert statements were

clearly written and were not ambiguous.
The main comments received regarding the MCQs related to the lack of answers provided:

“No marks were given for the pre- and post- quizzes and so it wasn't obvious as to whether

your knowledge had improved following completion of the case study.” P1, NQP

This is something which will be considered before the main study.

6.10 Chapter Discussion

As previously stated, the aim of the pilot study was not to asses any knowledge improvement of
participants from completing the case studies. It was to test whether the case studies and MCQs were
of an appropriate level for pre-registration trainees, determine if the questionnaires were
appropriate to evaluate the learning tools and identify any changes or improvements to the study
components before the main study. The objectives set out in section 6.2 were successfully met
through this pilot study. The design of the VP itself was reviewed and comments were received
regarding improvements for the ease of use of the technology. The wording of the NI case study,
MCQs and questionnaire were reviewed using the evaluative survey, with no changes required for the
main study, and the questionnaires themselves were reliable (good Cronbach a scores) and able to

collect and compare thoughts on the two learning tools.

The demographics of participants illustrated an equal number of participants from the hospital and
community sectors which lent itself well to the different (clinical vs non-clinical) case studies that
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were created. Four participants reported previous VP experience, whereas six participants reported
no previous VP experience. This may have resulted from a number of the participants being Keele
University alumni and thus they may have used the VP technology in their undergraduate education.
However, results from the pilot study were not designed to be generalisable to a wider population

and this previous VP experience was accounted for in the analysis.

The quantitative results obtained from this pilot study identified differences in perspectives between
the VP case and the NI case, and differences in perspectives between pre-registration trainees and
NQPs. Median scores on the Likert ranking scales indicated that both the pre-registration trainees and
NQPs believed the VP case gave a more realistic patient experience. This may be due to the
interactivity of the system and the ability of the VP to respond to individual user inputs; which was
expressed by participants on the open-ended questions. The median scores also indicated that the VP
case was more interesting and enjoyable than the NI case, with pre-registration trainees reporting
stronger agreement than NQPs. This, again, could result from the interactivity of the system but may
also be attributed to the novelty of the learning tool. A greater number of the NQPs were from Keele
University which may imply previous use of VP technology and explain the reduced interest.
However, the comments received on the questionnaire regarding the different topics chosen for the
two case studies may be more likely to account for these differences, as NQPs reported that

calculations were of particular importance for pre-registration trainees.

There was little difference in median agreement scores regarding the development of skills and
knowledge for the two learning tools; although NQP’s reported the NI case study was more effective
at this. This, again, may have been as a result of the different case study topics. Many of the NQP’s
worked primarily in the hospital sector and they may have felt this case study was more appropriate
for their area of work. Additionally, the integration of calculations into the NI case study (and not into

the VP case study) may have led to the increased agreement scores from NQPs as they may
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understand to a greater extent the importance of effective calculation skills in practice. It is likely that
pre-registration trainees had lower levels of knowledge and skills related to both of the case study
topics (than NQPs) which may explain their increased development from both case studies without

assuming greater importance of one over the other.

When looking at specific skills, there appeared to be no difference between the two case studies in
aiding development of problem-solving or decision-making skills, but differences between the
learning tools were found for the development of clinical reasoning skills. Pre-registration trainees
reported that the VP case study was better at improving their clinical reasoning skills than the NI case
study, but no difference between the two was found for the NQPs. Pre-registration trainees also
reported that the VP allowed them to put theory into practice to a greater extent than NQPs. These
differences could be attributed to the level of training. Qualified pharmacists will probably have more
experience, may have carried out both EHC consultations and infusion rate calculations in real life and
thus may feel their skills to be at a high level already. Whereas pre-registration trainees are only able
to observe consultations and should not make patient-care related decisions (such as EHC supply or
infusion rate calculations). Additionally, VPs have been shown to provide experiential learning which
may have promoted a greater development of clinical reasoning skills than was able from the NI case

study (Ker and Bradley, 2010; Hussainy et al., 2012; Foronda, Godsall, et al., 2013).

The final statement on the Likert scale was a measure of agreement on user’s overall enhancement of
learning from completing the two case studies. The overall median score illustrated no difference
between the learning tools, however upon further inspection it was identified that pre-registration
trainees reported that the VP case study enhanced their learning to a greater extent whereas NQPs
reported that the NI case study did. The differences in agreement for this statement may also be due
to the case study topics chosen. Although the NI case study was focused around calculations, an

essential component of the pre-registration exam, pre-registration trainees may have felt simulating
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an EHC consultation to be of greater value. There are many different learning tools available which
can be used to practice calculations, whereas an EHC simulation may provide a unique opportunity to

practice conducting a consultation before qualification.

Differences relating to the quality of feedback provided by the cases was also identified. Previous
literature has established that immediate and adequate feedback is a large factor in the utility of
educational applications (Ende, 1983; Issenberg et al., 2005; Jungnickel et al., 2009; Botezatu, Hult
and Fors, 2010). Feedback provided by the VP was interactive and more individualised than that from
the NI case; due to the VP mapping progress through the decision tree and providing feedback
specific to user inputs. Whereas the NI case feedback consisted of ‘textbook’ answers, explanations
and signposting to useful resources. Both pre-registration trainees and NQPs agreed that the
feedback from the VP case was more useful; NQPs reported greater agreement which may be due to
the training requirements once qualified. Pre-registration trainees have a designated pre-registration
tutor to support them throughout the year and they will be more likely to receive feedback for the
activities which they undertake throughout the year. However, once qualified, learning is more of an
independent activity, and receiving immediate, individualised feedback may have been especially

beneficial to the NQPs.

The open-ended questions identified a number of limitations of the VP case. The first was related to
the recognition of the VP system. The VP was pre-populated with specific questions and keywords
related to the case study, however it was hard to estimate all ways in which a question may be asked
or advice may be given and it was therefore difficult to pre-populate the system fully. The software
does have the ability to ‘learn” and be manually updated based on user inputs, thus the more the
simulation is the completed, the fuller the question bank will become. As such, this problem was

expected to lessen with greater usage in the main study as the question bank was enhanced.
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A second limitation of the VP case was difficulty with understanding how to complete the simulation.
Both pre-registration trainees and NQPs reported that the objectives of the VP case were harder to
understand than those of the NI case due to insufficient instructions. As a result, instructions at the
beginning of the case were made more explanatory, a web-link to a demonstration of the technology
was added and an explanation of how to use and complete the free-text part of the simulation was
included. A “frequently asked questions’ section was also included with a ‘help’ email address to

encourage users to contact the lead researcher (JT) with any technical problems.

The case study MCQs were reported to be of suitable difficulty for the level of pre-registration
training. They were also reported to be written unambiguously, therefore the wording of the
guestions was not changed for the main study. Comments were received regarding the answers to
the questions not being provided, therefore the answers with explanations (where required) and
signposting to other resources was subsequently added to the post-MCQs so users were able to

understand how well they performed and what resources may further aid their learning.

6.11 Chapter Summary

This pilot study evaluated the research components which identified suggestions for improvements

before use in the main study. These were implemented and can be found in Table 6-5.
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Suggestion Changes made to VP case for main study

Increase the size of the question bank User inputs which did not receive a VP response
in the pilot study were matched to an
appropriate VP response by the lead researcher
(JT) and animation team.

More explanatory instructions A pop-up screen was created and would be

displayed to users when they loaded the VP

case. This included:

e clearer learning objectives for each case
study

® instructions on how to complete the case
study (i.e. MCQs, free-text input)

¢ information on any additional elements in
the case study (i.e. Consultation Record
Form in the EHC simulation to guide
guestioning)

® resources to use whilst completing the case

study
Demonstration of VP technology A link was provided to a ‘Virtual Patient
Demonstration’ video.
Inclusion of a ‘Help’ button A list of frequently asked questions (FAQ’s) was

included in the VP case study which included
answers to common questions (i.e. saving
progress in VP case, computer crashing).
Within the FAQ’s a help email address was
provided for users to get technical help.

Table 6-5 List of changes made to the VP case study before use in the main study based on
suggestions from the pilot study.

The different topics chosen for the VP and NI case studies may have impacted on participants’
thoughts, thus, to make responses more comparable, the same case study topics were decided to be
used for the VP and NI cases in the main study. This would ensure individuals were asked to work

through three case studies which differed only in their presentation (i.e. VP or NlI).

The results from the main study will be presented and discussed in the next three chapters (Chapters

7,8and9).
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7. Quasi-Experimental Results

7.1 Introduction

One of the study objectives was to determine if use of either learning tool improved knowledge
(Chapter 5, section 5.2). To achieve this, participants were asked to complete a set of pre- and post-
MCQs for each case study. It was hypothesised that pre-registration trainees in the VP group would
show a greater improvement in knowledge than those in the NI group. This chapter presents the

guantitative results from each case study and their statistical analyses.

Section 7.2 reports the response rates for each stage of the study. Participant demographics are

presented in section 7.3. The quantitative results for case study one, two and three are reported in
sections 7.4, 7.5 and 7.6, respectively. Section 7.7 illustrates the pre-registration examination pass
rates and their relation to the participants in this study. Key points are discussed in section 7.8 and

then summarised in section 7.9.

7.2 Response Rates

The quasi-experimental evaluation took place over a three month period; three case studies were
created and distributed to participants one month at a time. Response rates (RRs) were calculated to

compare any differences between the intervention and control group (see Table 7-1).
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No. of participants (% RR)
VP Group NI Group Overall
Consented 83 82 165
Case 1 Completion 60 (72% RR) 66 (80% RR) 126 (76% RR)
Case 2 Completion 42 (51% RR) 47 (57% RR) 89 (54% RR)
Case 3 Completion 27 (33% RR) 36 (44% RR) 63 (38% RR)
Qé’:::z:::e 24 (29% RR) 32 (39% RR) 56 (34% RR)

Table 7-1 lllustrates the overall response rates for each part of the study as well as the response
rates for the VP and NI groups individually.

A steady decline in the response rate for each case was observed; similar declines in RR were found
for both groups. The NI group showed higher completion rates throughout the study with 44% of
trainees completing all of three case studies compared to 33% in the VP group. The overall response
rate for the questionnaire was 34% but, as only those individuals who completed the third case study

were invited to complete the questionnaire, an actual response rate of 89% was obtained.

7.3 Participant Demographics

Demographics of the participants who consented to participate were obtained prior to

commencement of the research study and are summarised in Table 7-2 below.

Table 7-2 illustrates that the majority of participants were female (71.5%) and in their early twenties,
(mean age of 23). Participants were from a range of ethnic backgrounds but the most common were
White British (43%) and Asian Indian (14%). Participants had studied their MPharm degree at one of

the 26 UK-based Universities accredited by the GPhC to offer an MPharm degree. A

further three Universities have since been accredited by the GPhC, but they had no graduates at the

time of the research and thus there are no participants from these Schools of Pharmacy. The majority
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of participants (69%) reported no previous VP experience. More than half of the participants (56.4%)
were undertaking their training in community pharmacy. Three pre-registration trainees reported
themselves as training in more than one sector; two participants were completing

community:hospital split training and one participant was completing industry:hospital split training.
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S8T

N (%) N (%)
Gender Female 118 (71.5%) School of Pharmacy Aston 13 (7.9%)
Male 47 (28.5%) Bath 11 (6.7%)
Bradford 4 (2.4%)
Age 20-25 145 (87.9%) Brighton 3 (1.8%)
26-30 17 (10.3%) Cardiff 4 (2.4%)
31-35 0 De Montfort 4(2.4%)
>36 3 (1.8%) Hertfordshire 1(0.6%)
Huddersfield 5(3%)
Ethnicity White British 71 (43%) Keele 22 (13.3%)
White Scottish 13 (7.9%) King's College London 3 (1.8%)
White Irish 5(3%) Kingston 4 (2.4%)
White Other 3(1.8%) Liverpool John Moores 5 (3%)
Black British 1 (0.6%) Manchester 4(2.4%)
Black Caribbean 1(0.6%) Medway 2 (1.2%)
Black African 2 (1.2%) Nottingham 10 (6.1%)
Asian British 8 (4.8%) Portsmouth 10 (6.1%)
Asian Indian 23 (13.9%) Queens University 3 (1.8%)
Asian Pakistani 14 (8.5%) Reading 4 (2.4%)
Asian Other 1 (0.6%) Robert Gordon 16 (9.7%)
Asian Other 1(0.6%) Strathclyde 14 (8.5)
Chinese 12 (7.3%) Sunderland 6 (3.6%)
Other 10 (6.1%) UCLAN 4 (2.4%)
UEA 8 (4.8%)
Previous VP Use Yes 51 (30.9%) Ulster 1(0.6%)
No 114 (69.1%) ucL 1(0.6%)
Wolverhampton 3(1.8%)
Sector of Training Community 93 (56.4%)
Hospital 69 (41.8%)
Split 3(1.8%)

Table 7-2 Displays the demographics of pre-registration trainees who consented for the research study (total no. 165).




7.4 Case Study One Results

7.4.1 Descriptive Statistics

Knowledge scores from the pre- and post-MCQs for case study one (EHC) were measured for the VP
and NI groups and are presented in Table 7-3. Pre-registration trainees in the VP group had slightly
lower mean baseline knowledge scores of EHC compared with the NI group (10.1 vs 10.2), and their
knowledge improved a greater amount on the post-MCQs (11.6 vs 11.5). The range of knowledge
scores varied dramatically, with participants in the VP group answering a maximum of 18 questions
correctly and a minimum of 5 questions correctly, compared with a maximum of 18 and a minimum
of 7 in the NI group. The median and mode scores for both groups were 10 on the pre-MCQs and 12
on the post-MCQs indicating no difference between the groups in the most common number of

guestions being answered correctly by trainees.

No. of Correct Questions
Mean (SD) Median Mode Range
VP Group Pre-MCQs 10.1 (2.35) 10 10 5-15
Post- MCQs 11.6 (2.25) 12 12 5-17
NI Group Pre- MCQs 10.2 (2.42) 10 10 5-15
Post- MCQs 11.5 (2.25) 12 12 7-18

Table 7-3 Displays the descriptive statistics relating to the number of correctly answered questions
on the pre- and post-MCQs for the VP and NI groups.

7.4.2 Dependent and Independent T-Tests

Dependent t-tests found that pre-registration trainees performed significantly better on the post-
MCQs, after using the VP (t(sq) = 4.973, p<0.001) or completing the NI case studies (t(s) = 4.132,
p<0.001). The experimental hypothesis was accepted and it was determined that completing either
type of case study improved pre-registration trainee’s knowledge of EHC by something other than

chance.
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Independent t-tests found no significant difference in knowledge improvement between the VP and
NI case study groups (t00) = 0.183, p>0.05) or between genders (o0 = 1.152, p>0.05). A statistically
significant result was obtained for sector of training, in which hospital-based trainees knowledge
improved more than community-based trainees from baseline (t72) = 1.898, p<0.05). These results
imply that sector of training had a significant impact on knowledge improvement but the intervention
(learning tool) participants received or their gender did not. Thus, the experimental hypothesis that
the VP would be superior at improving knowledge compared to NI case was rejected for the EHC case

study.

7.4.3 Correlation and Regression
Results were controlled for knowledge improvement over 0, as some trainees answered more
questions incorrectly on the post-MCQs which produced negative results. For the regression and

correlation to be calculated appropriately, only positive results were included.

Pearson’s correlation coefficients were calculated to test for correlations between knowledge
improvement and the independent variables: intervention group, sector of training and gender. Non-
significant correlations were found for the intervention group (r00) = 0.18, p>0.05) or trainee’s
gender on knowledge improvement (r(100) = 0.11, p>0.05). The sector which trainees were completing
their training in found a small and statistically significant correlation with their knowledge

improvement (r(o0) = 0.2, p=0.02).

Medium to high strength correlations were also found regarding the number of questions answered
correctly at baseline (pre-MCQs) and knowledge improvement (see Table 7-4). Correlations between
the independent variables and knowledge improvement were negative and statistically significant,

indicating that those with a lower baseline knowledge had a greater knowledge improvement.
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R2 r
VP Group 0.29 -0.54*
NI Group 0.27 -0.52%*
Hospital 0.5 -0.71*
Community 0.12 -0.34*
Female 0.38 -0.62*
Male 0.15 -0.38*

Table 7-4 Results are based on a 2-tailed Pearson’s correlation test, *p<0.01.

The goal of determining the effects of the intervention group, training sector or gender on knowledge

improvement scores was explored by performing multiple regression. Table 7-5 illustrates these

results. A non-significant regression equation was calculated (Fs, 05) = 0.099, p>0.05, R2 0.003).

Unstandardised Beta Unstandardised Beta Standardised Beta
Standard Error
Constant 1.962 1.102
Group 0.139 0.442 0.031*
Sector -0.223 0.528 -0.041*
Gender -0.089 0.441 -0.019*

Table 7-5 Multiple regression results. R2 0.003, *p=n.s

7.4.4 Performance on Individual Questions

The pre- and post-MCQs for case study one can be found in Appendix 8. Individual questions were
analysed for correctness on the pre- and post-MCQs for the VP and NI groups (see Table 7-6).
Trainees’ knowledge in both groups generally improved on the post-MCQs suggesting that completing

either style of case study aided their learning related to the supply of EHC.

Analysis found 210% improvement on the post-MCQs for the following question topics in both
groups: EllaOne® licensing (question 2 (Q2)), EllaOne® effectiveness (Q7), IUD licensing (Q10) and
vomiting after Levonelle® or EllaOne® (Q’s 13 and 14). The NI group showed >10% improvement on
Q9 regarding IUD as emergency contraception. The VP group showed 210% for questions relating to

EHC counselling (Q11) and the use of EHC in a cycle (Q’s 16 and 17).
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Analysis also illustrated areas where trainees in the VP and NI groups did not perform better after
completing the case study (pre- and post-MCQ scores were the same). Trainees in the NI group
showed no improvement on Q1 (Levonelle® licensing) and Q16 (use of EllaOne® in a cycle) from
baseline. Although, at baseline 65 of the 66 pre-registration trainees in the NI group correctly
answered Q1; thus there was only one trainee from the NI group who could not answer this question
correctly after completion of the case. Pre-registration trainees who completed the VP simulation
study showed no improvement on Q12 (side effects of Levonelle®), Q18 (EHC before UPSI) and Q6
(contraindications for EllaOne® supply). A 100% fail rate was found for Q6 (contraindications of
EllaOne®) in the VP group (pre- and post) and a 100% fail rate (pre-) and 92% fail rate (post) was

found in the NI group.

For both groups, there were areas where trainees’ knowledge did not improve 210% and areas where
it worsened after completion of the case studies. The main area of poor knowledge retention was
with questions relating to interactions with EHC; questions 3, 5 and 6 were all associated with >90%
of trainees incorrectly answering. Questions 3 and 5 had more trainees in the VP group answer
incorrectly on the post-MCQs than at baseline. A second area where trainees struggled were
questions regarding the effectiveness of EHC (questions 7 and 8); >50% of trainees in each group
incorrectly answered these on the post-MCQs. Pre-registration trainees in both groups also had
difficulty with question 12 (side effects of Levonelle®) with 78% of trainees in the VP group and 68%

in the NI group incorrectly answering this question on the post-MCQs.
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Knowledge Change Pre—Post

Question
Number Question Description No. of trainees (%)
(Q VP Group NI Group
1 Levonelle® licensing
1(1.7%) 0 (0%)
2 EllaOne® licensing 8 (13.3%) 12 (18.2%)
3 Medicines affecting absorption of Levonelle® -1 (-1.7%) 3 (4.5%)
4 Sale of Levonelle® 5(8.3%) 1(1.5%)
5 Contraindications of Levonelle® -1 (-1.7%) 4 (6.1%)
6 Contraindications of EllaOne® 0.00 (0) 5(7.6%)
7 Effectiveness of EllaOne® 8 (13.3%) 8 (12.1%)
8 Effectiveness of Levonelle® 5(8.3%) 4 (6.1%)
9 Type of intrauterine deyice (IUD) available as 5 (8.3%) 8 (12.1%)
emergency contraception
10 Emergency contraceptive IUD licensing 14 (23.9%) 15 (22.7%)
11 Counselling points for EHC 9 (15%) 6 (9.1%)
12 Side effects of Levonelle® 0 (0%) 3(4.5)
13 Vomiting when taken Levonelle® 7 (11.7%) 9 (13.6%)
14 Vomiting when taken EllaOne® 9 (15%) 12 (18.2%)
15 Levonelle® use per cycle -3 (-5%) 1(1.5%)
16 EllaOne® use per cycle 8 (13.3%) 0 (0%)
17 Levonelle® and EllaOne®