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Overview

High-level perceptuomotor functioning is a fundamental requirement for dental
practitioners. The dental training process is a long and costly one and being
able to identify individuals with the necessary aptitude for the profession is
essential for the trainee and the training institutions. However, unlike academic
requirements, there are relatively few measures currently used to predict an
individual’s aptitude for the perceptuomotor abilities necessary for a career in
dentistry. In order to address this, this thesis employed the use of Virtual Reality
(VR) Simulation and objective, validated measures of motor functioning to
examine the utility of these tools in measuring and predicting real world dental
performance. Chapter 3 investigates the ability of a VR simulation system (the
Simodont) to identify differences between undergraduate dental students across
year groups. The results highlighted that as students gain more experience their
performance improves. Briefly, the results indicated that the Simodont has
sufficient sensitivity to detect differences between novice students and well
experienced students. Chapter 4 provides a formal examination of the factors
considered for assessment during the Dental school’s Multiple-Mini Interview
(MMI) undergraduate selection process. The results indicate that two
fundamental underlying traits are captured in this assessment approach-
‘sensorimotor’ and ‘soft skills’. Chapter 5 investigates the test-retest reliability of
a motor performance test deployed with dental students over a long time period.
Chapter 6 examines the predictive relationship between MMI scores and
performance in the degree programme through a longitudinal approach. The
role of Simulation in dental education (broadly construed and as identified
through an international workshop) is proposed in Appendix C. Results from this

thesis reveal that the sensorimotor assessments at selection did not predict
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subsequent academic performance. Unlike the sensorimotor stations, the soft
skills stations were able to predict academic performance in dental students.
Moreover, the Simodont and Kinematic Assessment Tool showed their potential
utility in monitoring and assessing motor performance in dental students over
time. And although the Multi mini interviews format still needs further refinement
and development, this thesis provide a new insight into its predictive ability in

predicting academic performance in undergraduate dental students.
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Chapter 1 Introduction

1.1 Context

Sensorimotor and cognitive abilities go hand-in-hand for successful dental
practise. However, the identification of individuals for entry into dental
programmes largely rests on academic requirements and very little attention is
paid to the individual's aptitude for the sensorimotor abilities necessary for a

career in dentistry.

The advent of virtual reality technology, allowing one to simulate the
demands of dental practise, presents an opportunity to address such
shortcomings. Today’s simulators now include haptic technology which includes
a force feedback mechanism that enables the user to interact with virtual
objects through realistic feel and touch. Thus, anecdotally at least, successful
performance on these tasks seems to require a combination of cognitive and
sensorimotor skills. However, experimental investigations into the types of
performance at the early stages of learning dentistry (and even prior to that)

have been very sparse.

This thesis aims to address these issues by systematically examining the
value of early assessment of skills on subsequent dental performance and the
utility of a Virtual Reality haptic simulator in this process, as implemented in the
School of Dentistry at the University of Leeds. Through this process, the aim is
to specifically ask whether current practices allow insights into subsequent
performance in dental students and whether existing admissions tools are

adequate for undergraduate dental student selection.



1.2 Outline

To address these questions this thesis, through a combination of cross-
sectional studies and one longitudinal project, focussed on three research
themes; first assessing the validity of the haptic Virtual Reality simulator
employed at Leeds, second, examining how sensorimotor performance in
undergraduate dental students is assessed and, finally, examining the role of

simulation in dental education.

The thesis is structured into seven chapters (see Figure 1-1) with four

empirical chapters presented in the style of manuscripts.

Chapter 2: Key literature relevant to the later empirical chapters in this
thesis is reviewed in this chapter. We focus on the general principles of motor
skills and simulation in dentistry. This is complemented by a focused review of
the literature as it relates to the empirical investigations in the following 4

chapters.

Chapter 3 investigates the sensitivity of a haptic dental surgery

simulator, the ‘Simodont’, to differences in dental skills training experiences.

Chapter 4 provides a formal examination of the factors considered for
assessment during the School of Dentistry’s multiple mini interview

undergraduate selection process.

In Chapter 5 we investigate the changes in motor performance in dental

students over time using a battery of sensorimotor tasks.

Chapter 6 examines the predictive relationship between performance on
selection interviews and performance on the degree programme through a

longitudinal approach.
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Finally, Chapter 7 provides a general discussion of the findings, explores
limitations, presents opportunities for future work and concludes with a
consideration of how this thesis has contributed to furthering the field of dental
education research. The role of Simulation in dental education broadly
construed, as identified through an international workshop is illustrated in
Appendix C. This work assimilates ideas from dental educators across Europe

to provide a framework for understanding the state-of-art in dental simulation.



Introduction Literature Review
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Figure 1-1 Thesis schematic outline detailing the structure and themes of each chapter



Chapter 2 Literature Review

The overarching goal of this thesis is to examine whether measures of a
student’s sensorimotor and academic aptitude are able to predict subsequent
performance through dental school. As highlighted in the introduction, this goal
is tackled through exploring the value of early assessment (e.g. at interview)
and the utility of virtual reality simulators in this process. The overarching aim is
to identify whether current practices predict real world performance and if

current admission tools are sufficient for dental student selection.

In order to have a comprehensive understanding of the key concepts
covered in this thesis, this chapter will explore three key concepts central to the
reported research. First, we will examine the literature on sensorimotor skills in
detail, then we will turn to the prediction of academic/sensorimotor performance
in medical and dental education, and finally we will take a look at the

contribution of simulation in this process.

The first section presents a brief introduction to the scientific literature on
sensorimotor skills. We ask what are the types of motor skills necessary for
dentistry? How do we learn them and what are the factors that modulate
performance? We also explore the neural processes underlying skill acquisition
and the coordination of skilled goal directed performance. The focus here is on
highlighting the fundamental processes that are directly relevant to the motor

skills that dentists must apply in the clinic for successful practise.

The second section covers current approaches to predicting
undergraduate dental performance. This section illustrates the different

measures (pre-admission measures such as aptitude tests or personality
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assessment tests) and manual dexterity tools/tests that have been used so far
in the literature to predict academic/motor performance in medical and dental

education and what were the outcomes of these studies.

The final section presents an overview of the concept of simulation and
simulation-based education in medical/dental education. It also introduces the
haptic virtual reality simulator used in the University of Leeds as it plays a key
role in subsequent chapters as we interrogate its construct validity (Chapter 3),
its utility in predicting dental performance (Chapter 6) and finally, lean on our
experience of this simulator to inform discussions on the role of simulation in

general in dental education (see Appendix C).



2.1 Motor skills

Motor skills are generally referred to as voluntarily actions that require
movement and co-ordination of muscle and body at the same time (Haibach,

Reid, & Collier, 2011).

The attainment of motor skills starts very early on in life: motor
development is also often referred to as “perceptual-motor development” and/or
“physical or motor coordination” in part because both the brain/nervous system
and the muscles interact in intricate ways to allow an individual to move the
body skilfully in manipulating objects and exploring the physical world around

him/her (Bracken, 2006; Williams & Monsma, 2006).

Motor skills are broadly classified into gross and fine motor skills. Gross
motor skills require the use of large muscles (e.g. crawling, running and
jumping) while fine motor skills require the use of small muscles (e.g. writing or
grasping using a finger and a thumb) to perform a task. Fine motor skills involve
the coordination of small muscle movements—usually requiring the
synchronization of hands and fingers—under control from visual information

provided by the eyes (Boyle & Santelli, 1986; Spratley, 1990).

In dentistry, fine motor skills are an essential attribute of any practising
dentist (Luck, Reitemeier, & Scheuch, 2000; Spratley, 1990). The acquisition of
fine motor skills forms an integral part of the education of dental students (Gilad
Ben-Gal, Katorza, Weiss, & Ziv, 2017; Suksudaj, Townsend, Kaidonis, Lekkas,
& Winning, 2012), a process which starts as early as the selection process to
gain entry to dental schools (Foley & Hijazi, 2013; Kothe, Hissbach, & Hampe,

2013, 2014).
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Practising dentistry is often considered an art, requiring continued
commitment by the practitioner to adopt fine motor skills to enable control of
hand pieces and the delicate oral tissue in a small and contained oral cavity.
The achievement and maintenance of fine motor skills in dentistry is referred to

as manual dexterity or perceptual motor skills.

2.1.1 Neural Processes Underpinning Fine Motor Control

The areas of the brain involved in fine motor movements include the primary
motor cortex, premotor cortex, presupplementary cortex and basal ganglia,
supplementary cortex, posterior parietal cortex and cerebellum (Duong,
Gardner, & Rucker, 2010). While these individual areas work together to fine-
tune motor movements, there is a degree of functional specialisation and it is

worth noting some of these key characteristics.

The primary motor cortex is involved in force generation, task-specific
muscle movements and automaticity of learned movements (Duong et al.,
2010). The premotor cortex is particularly important for movement planning,
execution and identification of limb movements at the early stages of learning

psychomotor skills (Duong et al., 2010).

During voluntary movements that are not automated the basal ganglia is
stimulated and the presupplementary motor area is recruited for the learning of
new sequences (Duong et al., 2010). The supplementary motor area permits
self-initiation of movements, sequencing of previously memorized movements,
2-handed coordination and planning of complex movements. From the posterior
parietal cortex (and the pre-motor cortex), visual feedback of limb movement is

directed to the primary motor cortex.
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The cerebellum is responsible for the coordination, timing and accuracy
of movements (Duong et al., 2010). The degree of activation of the different
areas of the brain depends on the learning stage and whether the individual is
in training or has expertise (Duong et al., 2010; Watson, 2006) see Figure 2-1

below.
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Figure 2-1 Location of the areas of the brain involved in fine motor movements. Right hand
movements are controlled by the left side of the brain, and vice versa. The corpus callosum
facilitates coordination and communication between the 2 sides of the brain (Watson, 2006).
This figure is reused with permission by Blackwell publishing and originally published in Watson
et al 2006.

2.1.2 Neural Correlates of Skilled Motor Behaviour

Recent knowledge about the acquisition of fine motor skill comes from the
accumulation of evidence from functional magnetic resonance imaging (fMRI)
studies. Acquisition of fine motor skills in the nonexpert level depends largely on
the limitations in controlling intricate finger movements. Planning of novel
movements using fine motor skills requires much activity and stimulation of the
central nervous system to complete a task successfully (Duong et al., 2010).
These areas of the brain that requires stimulation in order to perform fine motor
skills include the primary motor cortex, premotor cortex, presupplementary
cortex and basal ganglia, supplementary cortex, posterior parietal cortex and
cerebellum. When a fine motor sequence of hand movements are performed for
the first time, two areas in the brain are activated maximally the premotor and
presupplementary motor areas in order to plan extensively the attempted

movements that are perceived as a new experience. Activity in the primary
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motor cortex is maximal only in the first 7—14 minutes then it starts to decrease
(Duong et al., 2010; Karni et al., 1998; Watson, 2006). Other areas in the brain,
in contrast, show less activity such as the supplementary motor cortex, the
cerebellum and the basal ganglia (Duong et al., 2010; Schlaug, 2001; Watson,
2006). It has been thought that the initial increased activity in the premotor and
the presupplementary motor area reflects the concentration and planning
needed to activate and coordinate the different muscles specific to the task
(Duong et al., 2010). Thus, planning of novel movements requires much activity

and stimulation of the central nervous system.

Acquisition of fine motor skills from nonexpert to the expert level depends
largely on the ability of the brain to adapt in response to a stimulus (K Anders
Ericsson, Krampe, & Tesch-Romer, 1993). In well-practised professionals,
movement sequences, even complex ones, have become automated; the
expert employs previously established neuronal connections instead of creating
new connections with each motor sequence performed as would the nonexpert
(Kami et al., 1995; Schlaug, 2001; Watson, 2006) (For more details on neuronal
correlates of skill learning see section 2.1.6 Hierarchical Processing of this
chapter). Hence, the intensity and amount of activity stimulated in the brain of
an expert are less, more highly focused and much more rapid than in a

nonexpert (Duong et al., 2010).

At a neural level in well-practised professional (expert level), The centre
of activity is highly focused in the primary motor cortex, and this high level of
activity does not diminish over time during execution of movement sequences
which in contrast to the nonexpert, activity diminishes after 7-14 minutes (Kami
et al., 1995; Schlaug, 2001). For a movement that has become automated due

to practice in the expert, the constant high activity level in the primary motor
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cortex is mainly due to the automaticity of the movements (Kami et al., 1995;
Watson, 2006) .Automaticity is an important concept in skill learning and reflects
the imprinting of information within the brain’s circuitry (Duong et al., 2010;
Karni et al., 1998; Watson, 2006). Interestingly, in well-practised professionals
there is a relative absence of activity in the basal ganglia, with little activity in
the premotor and presupplementary cortices and greater activity in the
supplementary cortex. With regular practise, the information gets transferred
from the premotor cortex and imprinted in the primary motor cortex to develop
automaticity. As an indication of imprinting, an increase in finger representation
has been observed within the primary motor cortex on fMRI after only 30
minutes of practice; however, this activity diminishes within 1 week in the
absence of regular training. Thus, in order to develop automaticity regular
training is needed to maintain the neuronal activities and connections (Kami et

al., 1995).

Ericsson et al suggested that the duration for this transition from
nonexpert to expert is approximately 10 years (K. A. Ericsson & Lehmann,
1996), however, the duration and frequency of practice needed within these 10
years has not been studied. Thus, in an expert, brain stimulation is less intense,
more focused and rapid compared to non-expert, indicating the need for
repetition and practise to facilitate imprinting of lifelong neuronal connections

(Duong et al., 2010).

2.1.3 Goal-Directed Actions

Another important concept in the behavioural neuroscience of action is goal-
directed behaviour, first described by Ajzen and Fishbein in the 1980s
(Tresilian, 2012). For any goal-directed action or behaviour to be fulfilled it

should meet a couple of objectives. The first is adaptability; this means the
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outcome can be attained in different conditions using different motor
behaviours. The second objective is persistence in response to failure, when
possible. If a particular outcome was not achieved on the first attempt, further
attempts may be made until the desired outcome is reached. These principles

form the basis for learning new skills and behaviours (Tresilian, 2012).

Sensory perception plays a major role in goal directed behaviour.
Humans interact with their surroundings through a number of modalities
including: sight, sound, taste, smell and touch. The sense of touch helps us to
modify and manipulate what is happening around us (McLaughlin, Hespanha, &

Sukhatme, 2002).

2.1.4 Sensory Information

The sense of touch provides information through hand movement patterns or
exploratory procedures. Lederman and Klatzky et al (1987) identified these
exploratory procedures and their underlying attributes e.g. lateral motion was
associated with texture while pressure was used to gain information about

hardness (Susan J Lederman & Klatzky, 1987) see Figure 2-2.

Reves (1931) introduced the term “haptics” which originally comes from
the Greek word haptikos meaning “suitable for touch” and haptesthai meaning
“able to lay hold of” (Minogue & Jones, 2006). Now, the term ‘haptics’ generally
refers to the study of touch, and human interaction with the external
environment through the sense of touch. This field is growing rapidly especially
with the advancement of technology. Haptic devices can now provide force

feedback and/or tactile feedback.

Haptic perception is a complex ability requiring adequate cutaneous and

kinaesthetic information, hand-movement patterns or exploratory procedures
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through the sense of touch (Mudrsepp, Aibast, Gapeyeva, & Paasuke, 2012). It
is produced by manual exploration of an object as a result of stimulation of the
mechanoreceptors in the skin, muscle tendon and joints (Gibson, 1962). It
allows us to recognise object features such as size, shape, weight, the position
of certain elements within it or information about the material. One of the central
characteristics of the haptic system is that it depends on the tactile perceptual
field (the portion of the skin that comes in contact with the object ) e.g. obtaining
information of the shape of object by using one finger or squeezing the object to

get information about compliance (Gentaz, Baud-Bovy, & Luyat, 2008).

More interesting, perhaps, is the role of sensory perception and
particularly haptic perception in fine motor movement in goal-directed
behaviour. It is sensory perception that makes it possible for motor behaviour to
be goal-directed. The only way to obtain information about whether a goal has
been met or not is through sensory perception (e.g. visual feedback). Thus,
sensory perception is of paramount importance to the ‘goal-directedness’ of
behaviour. Therefore, goal-directed behaviour is sensorimotor in nature. Based
on the above, active haptic perception involves motor procedures according to
Lederman and Klatzky (S J Lederman & Klatzky, 1993; Susan J Lederman &
Klatzky, 1987).Thus, haptic perception normally involves manipulation by using
the hands as a perception instrument and engaging subtle activities to obtain
sensory information even without looking. The schematic representation below

describes the above-mentioned theory see Figure 2-2.
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Figure 2-2 Exploratory procedures (hand movement) for haptic perception , in order to extract
information related to object properties (Susan J Lederman & Klatzky, 1987). Based on
Lederman and Klatzy theory 1987.Used by permission of Springer Nature from S.J Lederman
and R.L. Klatzky 2009.

The above theory is relevant to the current and future skills-based
education of dental students- which requires them to develop their fine motor
skills along with sensory perception in order to identify different layers of teeth
through colour and textures. The importance of developing fine motor skills
cannot be overstated in a complex dental environment and the need for
students to learn and master intricate techniques with ever-evolving dental units

in this digital era.

One of the essential aspects of this multi-faceted skills acquisition
process is to ensure patient safety at all times. Hence the relevance of acquiring
fundamental fine motor skills, and continuing to refine them over time. Complex
modern dental practice needs delicate tissues to be managed in a small,

compact oral cavity and this requires great awareness and exceptional
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perceptual motor skill to ensure satisfactory outcomes for both the operator and

the patient.

2.1.5 Motor Skill Learning

What is skill learning? Motor skill learning is generally referred to as a neuronal
change that leads to the accomplishment of a motor task faster, better or more
accurately than before. However, for a more precise scientific definition there is
little agreement in the literature. Currently, it is defined by its demarcation from
other forms of learning (interestingly, most researchers can only agree on what

skill learning is not!) (Diedrichsen & Kornysheva, 2015).

Skill learning falls under the broad umbrella of procedural knowledge. It
is measured in terms of what we can do rather than what we can verbalise
(Stanley & Krakauer, 2013). It is also important to differentiate skill learning from
motor adaptation which mainly relies on the integrity of the cerebellum. Motor
adaptation is defined as the act to remodify well-trained movements (such as
locomotion, eye or reaching movements) to changes in the environment
(Wolpert, Diedrichsen, & Flanagan, 2011). This method of learning necessitates
a parametric change driven by a sensory-prediction error on a trial-by-trial basis
(Diedrichsen, Verstynen, Lehman, & Ivry, 2005; Smith & Shadmehr, 2005;
Tseng, Diedrichsen, Krakauer, Shadmehr, & Bastian, 2007). Unlike adaptation,
skill learning includes the formation of a novel movement pattern and is featured
by shifts in the speed-accuracy relationship (Reis et al., 2009; Shmuelof,

Krakauer, & Mazzoni, 2012; Telgen, Parvin, & Diedrichsen, 2014).

2.1.6 Hierarchical Processing

One of the important features of skill learning is that it requires coordinated

activity at various levels of the motor hierarchy (see Figure 2-3). This hierarchy
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ranges from high level movement goals (at a “selection” level) down to the
specification of the actual muscle commands (an “execution” level) (Diedrichsen

& Kornysheva, 2015).

Selection versus
execution

recruitment versus

efficiency
Neuronal correlates
. . stabilization &
Hierarchical

specialization
framework of motor B

skill learning
Chunking

Modularity of skill
features

Figure 2-3 Schematic figure illustrating the hierarchical framework of motor skill learning which
reviews current behavioural and neural findings through selection versus execution, the
neuronal correlates, chunking and modularity of skill features. This figure is informed by
(Diedrichsen & Kornysheva, 2015).

2.1.6.1 Selection versus execution

Between the levels of action selection and action execution (where the outcome
of the execution level results in small muscle activity), skill learning can happen

(Shmuelof et al., 2012).

Recent studies in primary motor cortex (M1) suggest that motor
primitives (which are small movement elements) are encoded in the dynamics
of sub-networks of neurons, which produce replicable spatio-temporal patterns
of coordinated muscle activity (see Figure 2-4 A; Churchland et al., 2012;
Overduin, D’avella, Carmena, & Bizzi, 2012). The selection level (Cisek, 2012)
then stimulates the appropriate motor primitives in a task-specific manner (white

broken lines).
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This process is time-consuming as it needs to settle on the most
appropriate set of motor primitives after considering multiple alternatives. Skill
learning tasks involve learning at different levels. Some may start initially at the
selection level while others involve learning at the execution level (Shmuelof et
al., 2012). However, a lot of skill-learning tasks involve learning both at the
selection and the execution level, with learning possibly progressing gradually
to a more motor-oriented representation (Hikosaka, Nakamura, Sakai, &

Nakahara, 2002) see Figure 2-4 (B).

The formation of skill representations reduces the load at the selection
level, as less motor planning or preparation time by the learner should be able
to produce movements. Shifts in time—accuracy trade-offs are one of the

hallmarks of skill learning (Reis et al., 2009; Shmuelof et al., 2012).

While skill improvements can occur through the formation of a new motor
primitive at the execution level, there other studies that show that such
representations are formed in a hierarchical fashion, with encoding also
occurring at an intermediate level between selection and execution (purple,

Figure 2-4 (B).
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Figure 2-4 Levels of skill learning. (A) Early in learning, the appropriate primitives are activated
(white broken lines) from the selection level (blue), and this involves explicit processing of task
instruction. (B) Skill learning may involve the formation of association between the selected
elements at an intermediate level (purple), which enables easier recall and production of
complex sequences or movement combinations (Diedrichsen & Kornysheva, 2015). Used by
permission of Elsevier from Dierdrichsen and Kornysheva et al (2015).

2.1.6.2 Neuronal correlates of Skill Learning: recruitment versus

efficiency

What are the neural correlates of skill learning? Learning leads to neuronal
recruitment meaning neurons not previously stimulated by the task becomes
involved. However, studies show that after prolonged training activity decreases
with learning (Jenkins, Brooks, Nixon, Frackowiak, & Passingham, 1994; Ma et
al., 2010; Toni, Krams, Turner, & Passingham, 1998; Ungerleider, Doyon, &
Karni, 2002; Wymbs & Grafton, 2015). Often these signal decreases are
explained as a sign the region has stopped to play a part in the production of

the movement, and that the skill is now represented elsewhere (Laforce &
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Doyon, 2001), or that the region remains to perform the same role but does so
using less pre-synaptic activity — meaning it has augmented its efficiency
(Poldrack, 2015). However, there is evidence for both increases or decreases in
motor and premotor areas depending on the phase of learning. The early phase
of learning is often associated with an increase in overall activity, followed by
reduction in later phases (Costa, Cohen, & Nicolelis, 2004). This has led to the
idea that skill learning develops in discrete stages with different learning rules

and plasticity mechanisms (Dayan & Cohen, 2011; Karni et al., 1998).

2.1.6.3 Neural correlates of skill learning: stabilization and specialization

A different idea in the exploration for neural correlates of skill learning is that
training leads to the stabilisation of the underlying neural network (Costa, 2011).
In several different systems reductions in neural variability during the production
of the skill with learning has been observed (Costa et al., 2004; Ganguly &
Carmena, 2009; Hahnloser, Kozhevnikov, & Fee, 2002; Komiyama et al., 2010).
This reduction can be taken as a mark for the emergence of a new, specialised
skill representation that can stably reproduce the same spatio-temporal output
(Diedrichsen, Wiestler, & Krakauer, 2013; Gallivan, McLean, Flanagan, &

Culham, 2013) see Figure 2-4(B).

2.1.6.4 Chunking

One of the key arguments for a hierarchical representation of motor skill is
motor chunking. The concept of motor chunking as proposed by Lashley in
1951 (David A Rosenbaum, Cohen, Jax, Weiss, & Van Der Wel, 2007) has
come back to prominence over recent years. Chunking is the process where
multiple control sequences become idiosyncratically grouped, leading to a more
fluent production of a complex series of movement patterns that are retrieved

faster and performed more smoothly than the recall and execution of an
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individual elementary movement (D A Rosenbaum, Kenny, & Derr, 1983; Sakai
et al., 2003). This process of chunking can also readily be applied to producing
new movement patterns in a more flexible manner (grouping chunks of

movements, rather than selecting individual elements), thus leading to faster

and more efficient generalisation of a motor skill.

(A) (B)
S1 before training

F1---F2---F3---F3---F4---F5

Selection

S1 after training
F1-F2-F3---F3-F4-F5
C1 Cc2

(-----“-

S2 (shuffle chunks)

F3-F4-F5---F1-F2-F3
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S3 (shuffle presses)
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T
Time

Execution
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Figure 2-5 Hierarchical representation enables movement chunking. (A) Sequence units at the
selection level can trigger chunks (C1, C2) at the intermediate level (purple), which then in turn
trigger individual movement elements (F1-F5). The chunk representations are efficiently shared
across sequences S1 and S2. (B) Training on sequence S1 can lead to behavioral savings
(faster and more accurate production) in novel sequences. Savings occur when the acquired
chunks (C1 and C2) are preserved (S2), but not when they are broken up (S3) (Diedrichsen &
Kornysheva, 2015). Used by permission of Elsevier from Dierdrichsen and Kornysheva et al

(2015).

As shown above, the process of motor skill learning includes several

stages and could start from different levels. Applying the motor hierarchy

framework of motor skill learning to dental students at their early years and
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experienced dentists might give us better understanding of what could be the

difference between both performances.

In students in their early years, the cognitive processing of task
instructions occurs at the selection level. Then the most appropriate set of
motor elements is mapped to task requirements in the execution level.
However, in experienced dentists, the skill elements become encoded at an
intermediate level within the dynamic neural network rather than in the selection
level. As a result, the motor elements require little explicit or cognitive control to
adapt to the new tasks (Sadnicka, Kornysheva, Rothwell, & Edwards, 2017;

Sakai et al., 2003).

One of the main approaches described in research in medical education
related to learning curves is to measure the number of trials required to reach
competence (where performance is automated, rapid and skilled) in certain
procedures (Pusic, Pecaric, & Boutis, 2011; S T Ward et al., 2017; Stephen
Thomas Ward et al., 2014). In dentistry, this is particularly important as
understanding the nature of the motor learning will provide proper planning of
teaching as well as an insight into teaching strategies and modalities and thus
help determine course length and the timing of performance measurement.
Furthermore, identifying differences in learning between individuals may also
have an impact on teaching and help educators in dentistry (Gilad Ben-Gal et

al., 2017).

2.1.7 Motor Performance

Motor performance is often confused with motor learning. Motor performance is
the act of executing a motor skill that results in a temporary, non-permanent

change. In contrast, motor learning, is defined as a relatively permanent change
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in a person’s capability to perform a skill (Waras, 2016). Motor performance is a
fundamental component in many health professions and in order to investigate
motor performance it is essential to have a good understanding of the factors

that can influence it.

Examination of the factors that impact motor performance is one of the
initiatives of the National Clinical Assessment Service (NCAS) which works
throughout the UK with health organisations and individual practitioners to
advise on handling concerns about the performance of dentists, doctors and

pharmacists (Patel et al., 2011). Identifying these factors is essential.

A previous review of factors underpinning poor performance in doctors
suggested that there are several factors which have the potential to influence
performance (Cox , King , Hutchinson , McAvoy, 2006). A recent dental review
considered these factors and suggested a list relevant to dentistry. These
factors included; demographic factors; the impact of health on performance;
stress burnout and other work place related illness; smoking and the misuse of
drugs and alcohol; psychological factors; the role of education and training; the
impact of work-related factors; leadership in the National Health Service. The
results showed that there a number of factors that have the potential to
influence the performance of a dental practitioner, these include gender,
ethnicity and skill-mix of the dental workforce. Other factors included health,

changing working patterns, workload and the environment (Patel et al., 2011).

Other studies included factors that influence motor performance in dental
students. Several significant factors have been identified including student
related factors e.g. level of innate ability (P L Ackerman & Cianciolo, 2000;
Phillip L. Ackerman, 1988), motivation (Kanfer & Ackerman, 1989; Yeo & Neal,

2004) and non-student related factors (Brydges, Carnahan, Backstein, &
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Dubrowski, 2007; Dubrowski, Backstein, Abughaduma, Leidl, & Carnahan,
2005) e.g. learning environment. Suksudaj et al (2012) investigated if student
related factors (such as innate ability and motivation) affected motor
performance (Suksudaj et al., 2012). The finding showed that both innate
psychomotor ability and motivation showed weak positive correlation with dental
performance in a cavity preparation exercise (Suksudaj et al., 2012). Identifying
these factors could help to generate an understanding of poor motor

performance and what can be done to remediate this.

2.2 Predicting Academic Performance

To predict academic performance, it is vital to ensure that the selection methods
used are robust, as selection is the first assessment for entry into
medical/dental education. In the high-stakes nature of the profession and its
relation to the health and wellbeing of individuals (together with societal and
individual financial costs), there is also an ethical and economic responsibility
for medical/dental education and training to produce competent clinicians. Thus,
over the last 50 years admissions strategies have gradually moved away from
subjective measures (such as personal statements and references) towards a

more evidence-based models of selection (Patterson et al., 2016).

2.2.1 Predicting Performance in Medical Education

In the medical profession there have been numerous attempts to predict
academic performance in medical education. The majority of these attempts
have focused on using standardised aptitude tests. These include the Medical
College Admission test (MCAT) (Callahan, Hojat, Veloski, Erdmann, &
Gonnella, 2010; Dunleavy, Kroopnick, Dowd, Searcy, & Zhao, 2013), the

Graduate Australian Medical School Admission Test (GAM-SAT) (Mercer,
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Crotty, Alldridge, Le, & Vele, 2015; Puddey & Mercer, 2014), the Undergraduate
Medicine and Health Sciences Admission Test (UMAT) (D. Edwards, Friedman,
& Pearce, 2013; Poole, Shulruf, Rudland, & Wilkinson, 2012), the Health
Professions Aptitude Test (HPAT) (Halpenny, Cadoo, Halpenny, Burke, &
Torreggiani, 2010), the UK Clinical Aptitude Test (UKCAT) (Husbands,
Mathieson, Dowell, Cleland, & MacKenzie, 2014; McManus, Dewberry,
Nicholson, & Dowell, 2013), the Biomedical Admission Test (BMAT) (Emery,

Bell, & Vidal Rodeiro, 2011).

In addition to this, educators have relied on academic performance
records (Bhatti & Anwar, 2012; Cohen-Schotanus et al., 2006; D. Edwards et
al., 2013; Lumb & Vail, 2004; Lugman, 2013; Puddey & Mercer, 2014), personal
statements (E. Ferguson, James, O’Hehir, Sanders, & McManus, 2003;
Eamonn Ferguson, Sanders, O’Hehir, & James, 2000; Wouters, Bakker, van
Wijk, Croiset, & Kusurkar, 2014), references, situation judgement tests (SJTs)
(Cabrera & Nguyen, 2001; Hansel, Klupp, Graupner, Dieter, & Koch, 2010;
Lievens, 2013; Lievens, Peeters, & Schollaert, 2008; Simon, Walsh, Paterson-
Brown, & Cabhill, 2015), personality and emotional intelligence (El), interviews
and multiple mini interviews (Trost, Nauels and Klieme, 1998; Benbassat and
Baumal, 2007; Rosenfeld et al., 2008; Hofmeister, Lockyer and Crutcher, 2009;
Husbands and Dowell, 2013) and employed the use of selection centres (Gafni,
Moshinsky, Eisenberg, Zeigler, & Ziv, 2012; Gale et al., 2010; R Randall,
Davies, Patterson, & Farrell, 2006; Ray Randall, Stewart, Farrell, & Patterson,

2006; Ziv et al., 2008).

In surgical training, predictors have included visuospatial perception
(VSP) (Van Herzeele et al., 2010; Wanzel et al., 2003), psychomotor aptitude

(McClusky, Ritter, Lederman, Gallagher, & Smith, 2005; Ritter, McClusky,
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Gallagher, Enochsson, & Smith, 2006; Van Herzeele et al., 2010; Wanzel et al.,
2003), academic achievements (Brothers & Wetherholt, 2007; Goldberg,
Neifeld, Wolfe, & Goldberg, 2008; Kron et al., 1985; Papp, Polk, & Richardson,
1997; Turner, Shaughnessy, Berg, Larson, & Hanssen, 2006) included Alpha
Omega Alpha Honor Medical Society (AOA), Medical school performance
(MSP), United States Medical Licensing Examination®(USMLE®) and
research/publication experience) and video games (Miskry, Magos, & Magos,

2002; Rosenberg, Grantcharov, Bardram, & Funch-Jensen, 2003).

The predictive validity of these tests is examined in Table 2-1.



Table 2-1 Predictors of undergraduate medical and surgical training

Predictors of Undergraduate medical training

Predictors/Tests

Findings

Aptitude test (e.g. MCAT, GAM-
SAT, UMAT, HPAT, UKCAT,

BMAT)

Mixed evidence exists among researchers on the usefulness of the aptitude tests (M.
E. Kelly, Patterson, O’'Flynn, Mulligan, & Murphy, 2018; Patterson et al., 2016). Some
studies support the reliability and predictive validity for aptitude tests (Elam, Stratton,
Scott, Wilson, & Lieber, 2002; Emery et al., 2011; Halpenny et al., 2010; Poole et al.,
2012; Puddey & Mercer, 2014; Wright & Bradley, 2010) while others were sceptical of
its effectiveness (Donnon, Paolucci, & Violato, 2007; Griffin, Yeomans, & Wilson, 2013;

Laurence, Zajac, Lorimer, Turnbull, & Sumner, 2013; Yates & James, 2010).

Academic Records (e.g. A-level)

There is a high level of consensus among researchers that support the predictive
validity of academic records (Bhatti & Anwar, 2012; Cohen-Schotanus et al., 2006; D.
Edwards et al., 2013; Lumb & Vail, 2004; Lugman, 2013; Puddey & Mercer, 2014).
One paper described a small but significant incremental validity of academic records
alongside aptitude test (McManus et al., 2013). A small number of studies reported that

they were not predictive of medical school performance (Al-Rukban, Munshi,
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Abdulghani, & Al-Hoqail, 2010; Husbands et al., 2014; Tektas, Fiessler, Mayr,
Neuhuber, & Paulsen, 2013). Although academic performance is suggested to have a
high predictive power but there is concerns this power may be diminishing with
increasing number of applicants having top grades and that it may be neglecting
important non-academic factors required for success in medical schools (Patterson et

al., 2016).

Personal Statements

Evidence of the predictive validity of the personal statements varied (Patterson et al.,
2016). Performance on internal medicine (Peskun, Detsky, & Shandling, 2007), clinical
aspects of training (E. Ferguson et al., 2003) and the number of dropouts (Urlings-
Strop, Stegers-Jager, Stijnen, & Themmen, 2013) were found to be predicted by
personal statements. However, a large number of researches suggested that it lacks
reliability and validity (Eamonn Ferguson et al., 2000; Husbands & Dowell, 2013;
Kreiter & Axelson, 2013; Oosterveld & ten Cate, 2004; Wouters et al., 2014) but still
personal statements remains widely used worldwide. Some authors suggested that

personal statements may have some value by helping applicants to make a more
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informed decision to application through awareness of the characteristics of the

medical degree (Wouters et al., 2014).

References

References were of limited use in predicting performance at a medical school and
there is a general agreement that they are neither a reliable nor a valid tool for
selecting medical students (DeZee et al., 2014; E. Ferguson et al., 2003; Patterson et

al., 2016). However, it still remains a common feature of medical school selection.

Situational judgement tests (SJTS)

SJTs tests are usually complex to develop and there is a variety of options available in
terms of item format, instructions and scoring (Patterson et al., 2016). Although there
were some concerns about the impact of coaching (Cullen, Sackett, & Lievens, 2006;
Lievens et al., 2008; Rostom, Watson, & Leaver, 2013) but there is general agreement
among researchers that SJTs when properly constructed can form a reliable and valid
selection method not only in medical students but across a range of occupations
(Lievens et al. 2008; Cabrera & Nguyen 2001; Christian et al. 2010; Hansel et al.

2010).

Personality and Emotional

intelligence (EI)

The association between personality domains and medical school performance are

often complex see below. Studies investigated the association between the big five
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personality traits which includes (openness, conscientiousness, extroversion,
agreeableness and neuroticism) (Haight, Chibnall, Schindler, & Slavin, 2012; Hojat,
Erdmann, & Gonnella, 2013; Lievens, Coetsier, De Fruyt, & De Maeseneer, 2002).
Despite some studies showed no evidence between personality trait and performance
(Haight et al., 2012), a number of studies found conscientiousness to be a predictor of
pre-clinical knowledge and examination results (E. Ferguson et al., 2003; Eamonn
Ferguson et al., 2000; Lievens et al., 2002). On the other hand, conscientiousness was
found to be a significant negative indicator of clinical performance (Eamonn Ferguson
et al., 2000, 2014). Predictive validity of El is still on its early stages. Some studies
found no correlation between EIl and performance of medical students (Carr, 2009; Lin,
Kannappan, & Lau, 2013). However, two studies provided a tentative evidence for its
use in medical students (Carrothers, Gregory, & Gallagher, 2000; J. C. Edwards, Elam,
& Wagoner, 2001) and that the ability-based measure of EI the Mayor Salovery-Caraso
Emotional Intelligence Test (MSCEIT) correlates with measure of success in medical

schools(Brannick, Grichanik, Nazian, Wahi, & Goldin, 2013).
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Traditional Interviews and Multiple

mini interviews (MMI’s)

Traditional interviews are among the widely used tool in selection for medical school
admission. Despite it being widely used there are some evidence that suggests it lacks
reliability and predictive validity (Basco, Gilbert, Chessman, & Blue, 2000; Benbassat &
Baumal, 2007; Trost et al., 1998). On the other hand, Structured Multiple mini
interviews have been found to have adequate psychometric properties (Dore et al.,
2010; Eva, Rosenfeld, Reiter, & Norman, 2004; Hofmeister, Lockyer, & Crutcher, 2008;
M. Kelly et al., 2014), its construct validity remains exploratory and largely
inconclusive. Evidence with regards the predictive validity of the Multiple Mini
Interviews is emerging from exploration of the correlation between performance on
MMTI’s and subsequent performance (Hofmeister et al., 2009; Hopson et al., 2014; Pau

et al., 2013; Reiter, Eva, Rosenfeld, & Norman, 2007; Rosenfeld et al., 2008).

Selection centres

Provisional evidence suggest that selection centres may have the potential for
assessing applicants’ aptitude in medicine through developing assessment tools such
as behavioural stations, autobiographical questionnaire, and a judgement and
decision-making questionnaire. (Gafni et al., 2012; Ziv et al., 2008) and in post

graduate training it is thought to have a predictive validity for performance through
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creation of stations such as structured interview, portfolio review, reflective written
exercise and simulation consultation).that aims to assess competency domains based
on an expert consensus or a job analysis (Gale et al., 2010; R Randall et al., 2006;

Ray Randall et al., 2006).

Predictors of Surgical training

Visuospatial perception (VSP)

Three levels of the visuospatial perception test were used as predictors, low level
(referred edge and surface extraction), intermediate level (referred to whole object
recognition and mental visualisation of spatial relation of objects parts in two dimensions)
and high level (referred to mental visualisation involving two and three-dimensional
spatial rotations and translation) (Maan, Maan, Darzi, & Aggarwal, 2012). Two studies
showed a correlation between intermediate level VSP and efficiency in performing
surgical tasks (Van Herzeele et al., 2010; Wanzel et al., 2003). One study showed a
correlation between high level VSP and improved efficiency but no significant correlation

between low level VSP and efficiency in performing surgical tasks (Wanzel et al., 2003).

Psychomotor aptitude

The psychomotor aptitude included testing for fine motor dexterity (FMD), gross motor

dexterity (GMD) and hand steadiness and coordination (HSD).The FMD were tested
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using grooved pegboard, Crowford small parts dexterity, or finger tapping while the GMD
were mainly tested using the Purdue pegboard. The HSD were tested using Gibson
Spiral Maze, ADTRACK 2 a joystick-controlled game or Tremor test. A Minimally
Invasive Surgical Trainer VR (MIST-VR) was used to test both FMD and GMD. One
study reported GMD using Purdue pegboard predicted performance in surgical task (Van
Herzeele et al., 2010). However, other studies reported no correlation between FMD
using grooved pegboard and CSPD and surgical task performance (Van Herzeele et al.,
2010; Wanzel et al., 2003).The MIST-VR on the other hand was able to predict the
number of trials required to reach performance goal (McClusky et al., 2005; Ritter et al.,

2006).

Academic achievement (e.g. AOA,

MSP and USMLE®)

Predictors of academic achievement were tested mainly to predict Training programmes
outcomes (TPO), In-training examinations (ITE), Faculty assessment, Board

examinations and dexterity.

With TPO a significant positive correlation was found between AOA, MSP and success
of training completion (Kron et al., 1985; Turner et al., 2006). One study reported no

correlation between USMLE® and successful completion of training (Turner et al., 2006).

€e



ITE was found to be correlating to AOA, MSP and USMLE® step 1 score (Brothers &
Wetherholt, 2007; Turner et al., 2006). However, a negative correlation was found

between research experience and performance on ITE (Brothers & Wetherholt, 2007).

The faculty assessment showed conflicting results AOA and research experience
showed no correlation to faculty assessment (Brothers & Wetherholt, 2007; Kron et al.,
1985). The MSP (Andriole, Jeffe, & Whelan, 2004; Brothers & Wetherholt, 2007) and
USMLE®(Andriole et al., 2004) showed a significant correlation in some studies and no
correlation in another study (Papp et al.,, 1997). In one study USMLE® showed a

significant negative correlation with faculty assessment (Brothers & Wetherholt, 2007).

Performance in Board examination showed a significant positive correlation with AOA,
MSP and USMLE® (Brothers & Wetherholt, 2007; de Virgilio, 2010; Dougherty, Walter,
Schilling, Najibi, & Herkowitz, 2010; Shellito, Osland, Helmer, & Chang, 2010; Swanson
et al.,, 2009; Turner et al.,, 2006) A negative correlation was found with research
experience and performance in board examinations in one study (Brothers & Wetherholt,

2007).

ve



Dexterity reported no correlation with research experience (Salgado, Grantcharov,
Papasavas, Gagne, & Caushaj, 2009) and in one study and MSP predicted reduced time

to complete dexterity test (Goldberg et al., 2008).

Video games

A significant positive correlation was found between time to complete a surgical task and
time to complete a lap in a racing video game in one study (Miskry et al., 2002). Another
study found video game experience predicted a lower number of errors in surgical tasks
while no correlation with the number of unnecessary movement in a surgical task

(Rosenberg et al., 2003).

GE
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2.2.2 Prediction of Academic/motor performance dental education

The process of undergraduate dental education in the UK is both lengthy and
expensive. For the student and institutions, it is essential to identify individuals
with the necessary aptitude for the profession. The selection of the best suited
students at the outset will help in many ways, recognition of low performance
can occur at an early stage and early support will lead to a more beneficial
learning environment and boost student course performance. It will also help in
reducing the number of dropouts (by identifying those who do not have the
basic skills for the profession) and obtain suitable and well-motivated
candidates able to excel in their studies (Polyzois, Claffey, McDonald, Hussey,
& Quinn, 2011). Moreover, dentistry is a profession that requires superior hand
eye coordination- a dentist is required to work with precision on an extremely
small scale in order to perform dental procedure, and this is vital to ensure the
integrity of the profession and patient safety (ADEA House of Delegates, 2011;
Boyle & Santelli, 1986; Lugassy et al., 2018). Thus, identification of the domains
that are needed for potential dentist and testing it at the selection process is
crucial (ADEA House of Delegates, 2011; Cowpe, Plasschaert, Harzer, Vinkka-
Puhakka, & Walmsley, 2010).For these reasons, prediction of dental
performance is of great interest for educators. However, thus far, prediction of
dental performance has largely centred on prior academic performance,
psychological assessment-based tests, interview scores and manual dexterity

measures (see Table 2-2 Examples of predictors of dental performance).



Table 2-2 Examples of predictors of dental performance

Predictors of dental | Example Description
performance
Prior academic e GPA College grade point average is a standard way of measuring academic
performance achievement. All grades from all current classes are averaged for the
making period.
e DAT Dental Admission/Aptitude Test is a multiple-choice standard exam

taken by potential dental students in US and Canada. It's a
computerised based test. It has four sections:
e Survey of natural sciences (Biology and Chemistry).
e Perceptual ability test (PAT) Which includes a 3D manipulation
and spatial reasoning.
e Reading comprehension.
e Quantitative reasoning.

Manual dexterity and
perceptual ability

e Chalk carving, Fabrication of
wax teeth, Wire bending and

Cavity prep: Cavity preparation

test. Cavity prep
Personality e MBTI Meyers-Briggs Type Indicator is a psychometric questionnaire designed
assessment to measure psychological preference in how people perceive the world
and make decision.
e MMPI Minesto Multiphasic Personality Inventory is a psychometric test of adult
personality and psychopathology.
e CPI California Personality Inventory: is a self-report inventory which was

created to assess the everyday “folks-concept” that ordinary people use
to describe the behaviour of the people around them.

LE
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Prior academic performance includes the United Kingdom’s Clinical
Aptitude test (UKCAT) which was the aptitude test taken to apply for most of the
dental and medical schools in the UK, but it has now been replaced by
Biomedical Admissions Test (BMAT). The main goal of having the UKCAT was
to widen university participation from lower socioeconomic groups and ethnic
minorities and to help choose the best future health professionals. Previous
research on UKCAT was performed on early years and later years of medical

schools and the results were found to be equivocal.

In the early years, one study demonstrated that UKCAT could not predict
performance in year 1 medical students but it is thought that its subtests maybe
of value, as an association was found between the decision making analysis
with re-sits of examinations in medical schools (Lynch, MacKenzie, Dowell,
Cleland, & Prescott, 2009; Yates & James, 2010). One study found a predictive
ability between UKCAT and exam performance in years 1 and year 2 (Wright &
Bradley, 2010), but others found poor predictive value between UKCAT and
year 1 (McManus et al., 2013) or during the first 2 years of medical school

(Yates & James, 2010).

In later years of medical school, one study found that UKCAT predicted
performance of medical students in later years (Husbands, Mathieson, Dowell,
Cleland, & MacKenzie, 2014; Lynch et al., 2009), but Yates and James (2013)
found no parts of the UKCAT proved to be an independent predictor of clinical
course marks (Yates & James, 2013). In dentistry, one study found the UKCAT
could not predict dental exam performance during the first year of the
programme. However, it predicted the likelihood of the candidate being offered
a place (Lala, Wood, & Baker, 2013). These results questioned the use of

UKCAT as a sole method in the dental and medical applicant selection process
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(Lala et al., 2013). Another study linked poor UKCAT score to poor academic

performance (McAndrew, Ellis, & Valentine, 2017).

Other prior academic performances include high school grade point
average (GPA), the GPA is the average value of the accumulated final grades
obtained by the student in various courses over time. It reflects the academic
achievement level of the student and their scholastic abilities. Another test is the
dental admission/aptitude tests (DAT), which are commonly used in US and
Canada. The DAT is a multiple-choice test that has been in operation since the
1950’s. The DAT compromises four sections: survey of the natural sciences
which consist of questions in biology, general chemistry and organic chemistry
and a perceptual ability test, which examines ‘perceptual abilities’ (specifically
areas of 3 dimensional manipulation and spatial reasoning), Reading
comprehension and Quantitative reasoning which test basic mathematical skills
and critical thinking (Ada, 2017). Extensive studies have been reviewed to

determine the effectiveness of these tests.

Some studies have shown that the DAT and GPA were able to predict
performance while others had a negative result. (Wood, 1979; Sandow et al.,
2002; Bergman et al., 2006; Beier et al., 2010; Allareddy, Howell and Karimbux,
2012; Carroll and Schuster, 2015). However, a recent review concluded that
pre-admission GPA is the best predictors of academic success (Salvatori, 2001)
but it is worth noting that in order to excel in a health profession non-cognitive
traits such as communication, ethics and ability to show empathy are essential
and needs to be tested (ADEA House of Delegates, 2011; Cowpe et al., 2010).
These are typically not tested in these pre-admission measures. These tests

also fail to assess candidates’ personal attributes or potential clinical ability.
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Some papers looked into the factors that help success in the health
profession, and these studies found that academic abilities are not the only
factors which are deemed essential for the health profession. Factors such as
general intelligence, positive attitude, noncognitive skills, spatial ability and
manual ability all are necessary for a health professional (Heintze, Radeborg,

Bengtsson, & Stenlaas, 2004; Powis, 2015; Schmidt & Hunter, 1998).

Psychological assessment tests used to predict dental ability include
NEO-PI-R: Form S (Revised Neuroticism Extraversion Openness Personality
Inventory, self-report form) to test personality, Embedded Figure Test (EFT) to
test Field dependence-independence, Revised Minnesota Paper Form Board
Test (RMPFBT) and Dimension and block test of the IPI (Inwald Personality
Inventory) Job Test to test spatial ability. NEO-PI-R: Form S was used to
measure 5 personality domains (neuroticism, extroversion, openness,
agreeableness, conscientiousness) and six facets of each domain. The
Embedded Figure Test (EFT) is a ‘visual perception’ test that measures an
individual’s ability in ‘disembedding’. This is an individually administered test
that requires the subject to find simple geometrical figures that are embedded in
more complex geometrical fields (Evans & Dirks, 2001). These tests have
shown varying results; some have showed strong prediction in preclinical and
clinical performance (Evans & Dirks, 2001; Suddick, Yancey, Devine, & Wilson,
1982) , however, other studies found no correlation (M. K. Chen, Podshadley, &
Shrock, 1967; Westerman, Grandy, Combs, & Turner, 1989; Wilson, Suddick,

Shay, & Hustmyer, 1981).

Interview scores, which are based on first impressions and gaining
information from the interviewees such as motivation, learning styles,

knowledge of the profession, communication skills, decision making, academic
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competency and sense of responsibility (Al-Nasir & Robertson, 2001; Evans &
Dirks, 2001; Sandow et al., 2002) have a high face validity and acceptable
interrater reliability. However, they have been identified as being amongst the
most subjective and variable measures with studies showing high variability in
content validity and susceptibility to bias (Cleland, Dowell, McLachlan,

Nicholson, & Patterson, 2012).

Manual dexterity tests (MDT) have been conducted in order to assess
these psychomotor skills using different instruments see Table 2-3 such as O-
Conner tweezer (Lundergan, Soderstrom, & Chambers, 2007; Waldman,
Macdonald, & Wilson, 1995), paper and pencil (Coy, McDougall, & Sneed,
2003; Freeberg, 1966), chalk carving (Gansky et al., 2004; Peterson, 1974),
plastic typodont (Polyzois et al., 2011), wire bending test (Kao, Ngan, Wilson, &
Kunovich, 1990; Kothe et al., 2014), basic manual dexterity tests (Giuliani et al.,
2007) and Crawford Small Parts Dexterity test (Boyle & Santelli, 1986). These
manual dexterity tests mainly assess manual dexterity abilities. However, most
of these tests found no correlation with preclinical success (Gansky et al., 2004;
Luck et al., 2000; Oudshoorn, 2003; Polyzois et al., 2011). Haptic virtual reality

systems have promise but are still at an early stage (Mirghani et al., 2018)

Furthermore, there are a wide range of outcome measures used as
indicators of student performance in dental schools such as the National Board
of Dental Examination (NBDE) part 1 and 2 scores in the United States;
performance in a problem based learning approach (PBL) curriculum; grades
obtained in clinical course; clinical productivity and performance; scores in
license exams; and dental school GPA. Although these approaches have been
interesting, unfortunately most of the results have often been either inconclusive

or conflicting (Kirby, 1979; Suddick et al., 1982; Raybould, Raggard and Norton,
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1983; Walcott, Knight and Charlick, 1986; Kramer, 1986; Luck, Reitemeier and
Scheuch, 2000; Al-Nasir and Robertson, 2001; Gray, Deem and Straja, 2002;
Gansky et al., 2004; Giuliani et al., 2007; Allareddy, Howell and Karimbux,

2012; Carroll and Schuster, 2015).

All of the tests reported above have aimed to test a specific domain of
competency (the ability of a dental practitioner to start independent
unsupervised dental practice, the term competence involves knowledge, ethical
values, professionalism, critical thinking, experience, problem solving skills and
technical and procedural skills (ADEA House of Delegates, 2011)) required for a
potential dental student to become a competent dental practitioner. In fact, for
beginning general dentists there are more domains of competency that are
deemed necessary. According to the American Dental Education Association
(ADEA) the domain of competencies for the entry-level of general dentist
include critical thinking, professionalism, communication and interpersonal
skills, health promotion, practice management, informatics and patient care
(ADEA House of Delegates, 2011). Cowpe et al (2009) identified seven
domains in Profile and Competence for the graduate European dentist. These
included: Professionalism; Interpersonal; communication and social skills;
Knowledge Base, Information and Information Literacy; Clinical Information
Gathering; Diagnosis and treatment planning; Therapy: Establishing and
Maintaining Oral Health; Prevention and Health Promotion (Cowpe et al., 2010).
Therefore, what we need is an assessment that covers most of the core skills
that are required for potential dental students at the entry level (to help them
deliver appropriate oral care, consistent with patient wellbeing) and also able to
predict future performance. Although those domains of competency are very

useful in providing dental teaching institutions with a benchmark that can
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enhance their curriculum, evaluate students and assess the effectiveness of
their undergraduate programme (Cowpe et al., 2010) but may also aid in the
selection process of potential dental students. Identifying those fundamental
competencies will allow us to identify those students who can acquire rapidly
the skills which are needed throughout the undergraduate programme and thus
provide those potential students with a good start and a smooth learning
journey. For this purpose, now teaching dental institutes are shifting from
traditional interviews to Multiple Mini-Interviews (MMIs) as a new tool for
selection. MMIs assess several domains of competency required for beginning
dentists (unlike traditional interviews). Recently, several studies on admission
criteria concluded that two or more admission criteria were more reliable in
predicting dental performance (Sandow et al., 2002). Thus, it is important that
each element of the interview should be valid and reliable with an objective
scale and has an evidence base to predict those who has the best chance of
developing excellence or vice versa. Chapter 4 and Chapter 5 of this thesis
elaborates more on the Multi Mini Interviews and their ability to predict dental

performance



Table 2-3 Examples of Motor Predictor tools

predictor variables and the preclinical

GPA, Sessional

Predictor tool Outcome Predictors Outcome
variables variables
Carving test (Gansky et al., 2004) No correlation were found between Carving test, Preclinical

restorative score

simulator (SIM) (Gray, Deem, Sisson,

score and lab 1 scores and DAT sub-

scores, DAT sub

score except with the PAT (part of the GPA, DAT
DAT).
Computerised dental treatment Correlation were found between SIM Lab 1 and 2 SIM scores

& Hammrich, 2003) tests. test (AA, PAT and

TS) BCP and

GPA
Wire bending test (HAM-Man (Kothe et | Positive correlation was found between GPA and HAM- Pre-clinical lab
al., 2014)) the HAM-Man score and Pre-clinical lab Man score performance

14%



performance. No correlation was found
between GPA and pre-clinical lab

performance.

Interview scores which includes:

Positive correlation where found between

Interview scores,

3 lab score and

Embedded figure test (EFT), Revised | all predictor variables and the lab score. GPA, College combined
Minnesota Paper form Board Test hours average score.
(RMPFBT), Dimension Test, NEOPI-R

forms for personality, Block

test.(Evans & Dirks, 2001)

Wooden tablet, fabric, box (geometric | BMDS scores revealed some differences | BMDS (Basic Academic level at

forms inserted in holes, Needle and
thread, Wooden boards, Wooden
grate, paper and pen, graph paper,
playing cards and box with double

opening .(Giuliani et al., 2007)

between those having university degree
or scientific high school degree than
those who studied a classical or
vocational high school curriculum.

However, no correlation was found

manual dexterity

score)

time of entry,
preclinical and
clinical

performance.

1%



between BMDS scores and preclinical

and clinical performance

Individual Dental Education Assistant

(IDEA Simulator) (Alice Urbankova,

There was a correlation between Manual

dexterity test and the preclinical

Manual dexterity

test (D-circle) and

Preclinical

operative dentistry

Eber, & Engebretson, 2013) performance. No correlation was found PAT performance
between PAT and the preclinical scores.
No association was found between the
MDT and the PAT scores.
Plastic typodont (prepare class 1 Conventional cavity preparation had Conventional Preclinical
cavity preparation.(Polyzois et al., limited predictive value for later class 1 cavity performance.

2011)

performance at preclinical level.

preparation.

Crawford small parts dexterity test

(CSPDT).(Boyle & Santelli, 1986)

CSPDT may improve when used with

current measures

CSPDT scores

and current dental

Preclinical lab

scores and overall

ov



school admission

Sscores.

dental school

performance

HAM-Nat test(Kothe et al., 2013)

A correlation was found between HAM-

Nat test and preclinical scores.

HAM-Nat score

Preclinical scores.

Speeded tweezer dexterity test

(Lundergan et al., 2007)

No correlation was found between scores
of speeded tweezer dexterity test with

clinical performance

Tweezer score

and PAT.

First year clinical
score.

Final year clinical

score.
Waxing test (Walcott et al., 1986) Waxing test was a better predictor Waxing test score | Preclinical
compared to PAT. and PAT. performance

score

LY
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2.3 Simulation

Simulation 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), while a simulator has been defined as a “device that
uses simulation to replace a real-world system or apparatus, allowing users to
gain experience and to observe and interact with the simulation via realistic

visual, auditory or tactile cues” (Rosen, Long, McGrath, & Greer, 2009).

The principles of simulation were first established in the training of
civilian and military pilots and astronauts, but the use of simulation in the health
care field became more universal in the early 1990’s in the form of digital and
mannequin-based, speciality specific simulated scenarios (Buchanan, 2001;
Gorman, Meier, & Krummel, 1999; Maliha, Diaz-Siso, Plana, Torroni, & Flores,
2018). Currently, simulators are used in the health field for training emergency
room skills (Small et al., 1999), laparoscopic surgery (A. G. Gallagher, McClure,
McGuigan, Crothers, & Browning, 1999) and cardiovascular emergency

procedures (R. W. Morris & Pybus, 2007).

2.3.1 Simulation based medical education

Mainly in surgery, the traditional method of teaching of “See one, Do one,
Teach one” involves the learner observing a particular procedure once, being
expected to be capable of performing that procedure followed by being able to
teach another to conduct the procedure. It has been argued that this method
should be considered passé , after receiving a lot of criticism (Qayumi &
Vancouver, 2010; Rohrich, 2006; Vozenilek, Huff, Reznek, & Gordon, 2004),

considering that patient safety is at risk with this type of approach. Thus, the
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concept of “learning by doing” has become less satisfactory particularly when
invasive procedures and high risk care are required. Restrictions on medical
educators have prompted them to seek alternative methods to teach medical

knowledge and gain procedural experience (Vozenilek et al., 2004).

From there, simulation based education has re-emerged to bridge the
educational gap between theory and practise on real patients and thus acting as
an intermediate stage between “see one and do one” and hopefully leading to
the transformation to “see one, simulate many, do one competently and teach

everyone” (Vozenilek et al., 2004).

It is important to highlight that simulation-based education is not new.
The recorded history of simulation in the health professional education stretches
over 150 years. In 1974, the London Evening Post advertised for a course on
Midwifery that explained that students taking this course would learn on “a
contrivance made on the bones or skeleton of a women, with an artificial matrix.
The advertisement explained why and how simulation was important in
obstetrics education. Students would learn to deliver a baby on the simulator
before attending a real labour (the simulator was referred to as the ‘machine’).
A simulator would also be used to show what could go wrong and how such
problems were best managed and then practise these interventions on a
simulator (Owen, 2016). Simulation in health care has a long history but as the
twentieth century progressed the use of simulators in health care education with
the exception of dentistry and to lesser extend midwifery, seems to have
declined so much that when it was re discovered at the end of the twentieth
century it was thought to be new. However, it is thought that this re-emergence

of simulation has regained interest by educators especially with the
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advancement of technology aiming to improve performance of the healthcare

professionals and the emphasis in patient safety.

In fact over the past decade there have been significant advances in
medical visualisation technologies such as Magnetic Resonance Imaging (MRI)
and X-ray Computed Tomography (CT scanning). These technologies enabled
surgeons to see the internal structure of the human body in a high resolution 3-
D. In addition, conventional visualisation methods have been advanced in
surgery with an increased utilisation of minimally invasive surgical modalities
and shifting away from open surgery where possible. The benefits of minimally
invasive surgery include less tissue injury and scarring, quicker recovery time
and shorter hospital stays. However, these technologies enhanced surgical
techniques introduced a new interface between the surgeon and tissues which
requires intensive preparation. This demand led to the adoption of virtual reality
simulators along with other simulation modalities in medical training programs.
Currently, VR simulators play an important role in the acquisition of
sensorimotor skills in surgical education and so far its application in the
educational field included: Preclinical skills; General surgery; Laparoscopy
surgery; Endoscopic procedures; Neurosurgery; Interventional cardiology and
cardiothoracic surgery; Urology; Orthopaedics; Endovascular surgery;
Obstetrics and Gynaecology; ENT and Ophthalmology. The advancement of
technologies in terms of visualisation technologies and VR simulators are
leading the way to a promising and sophisticated highly realistic VR simulators
such as Patient Specific Virtual Reality simulators (PSVR) that allow VR
simulators to perform patient specific surgical rehearsal based on real patient

imaging data (e.g. MRI). These promising PSVR will not only impact
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performance level but will also minimise complications (Willaert, Aggarwal, Van

Herzeele, Cheshire, & Vermassen, 2012).
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2.3.2 Simulation-based Dental Education

2.3.2.1 History of Simulation in Dentistry

In 1894 Oswald Fergus presented the first phantom head simulators by using
one metal rod with two brass jaws to aid in an effort to improve realism. Oswald

Fergus said:

“it was expected, and rightly expected, that students should not be let
loose to work their will on their suffering fellow creatures without first

having acquired a proper efficiency”.

Within recent years, the education of dental students has undergone
several modifications, some of which have had relatively little impact, while
others have had a fundamental effect on course content and the overall
approach towards delivery of information and dissemination of skills. Figure 2-6

summarises the timeline of simulations in dental education.
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1723 Pierre 1830 — Amalgam 1894 - First Late 1990's -
Fauchard publishes introduced in Phantom head Development of
‘The surgeon France simulator from virtual reality
dentist, a treatise Oswald Fergus (VR) simulators
on teeth'. First real for use in
dental text dentistry

1720 1760 1800 1840 1880 1920 1960 2000

1970 - John ‘ ‘ 2003 - Virtual
Greenwood 1840 - First 1957 — High reality(VR)

adapts his collage of dental speed air simulators with
mothers surgery in handpiece haptics used in

Baltimore, Ohio invented by dental schools
John Borden

spinning wheel
to rotate a drill

Figure 2-6 Timeline of simulations in dental education. Used by permission of Lippincott
Williams and Wilkins from Perry et al 2015.

2.3.2.2 Classification of simulation in Dentistry

2.3.2.2.1 Traditional and contemporary non-computer-assisted simulation

The first college of dental surgery was founded in 1840 in Baltimore, Ohio, United
States. At that time, the restorative techniques practiced were using extracted
teeth and bench-top simulation. However, a major problem was the availability of
natural human teeth for practicing on simulators. In the late 20" century dental
education was advanced rapidly as “resin teeth” became much more
commonplace. In 1894 Oswald Fergus’s introduced the first phantom head, its
design has undertaken many refinements and modifications (Fugill, 2013;
Suzanne Perry, Bridges, & Burrow, 2015) to improve and expand its utility. These
changes have included simulated maxillary and mandibular jaws becoming more
realistic, simulating various dental conditions such as periodontitis and caries.
Moreover, a full set of individual anterior and posterior plastic teeth that resemble
permanent and primary dentition can be modified as required (removed, replaced

and adjusted). Simulated clear resin blocks also took part in enhancing dental
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education through direct visualisation and comparisons of dental procedures
(Weine, Kelly, & Lio, 1975). The incorporation of water spray to the phantom head
system has also added to the realism of the device (although concerns were
raised for possible water line contamination and infection control). Other benefits
of these devices include proper handling of dental hand piece and mirror at the
same time, the use of finger rest during instrumentation which is an important
concept that dental students need to acquire before proceeding into more

complex skills (Suzanne Perry et al., 2015).

Currently, phantom head simulators with artificial teeth are considered the
gold standard for dental education (particularly undergraduate preclinical
teaching) as well as for postgraduate skill training in most dental schools around
the world (Gottlieb et al., 2013). The phantom head simulator is a partial task
trainer, with simulated torso, that facilitates the learning of sensorimotor skills and
tooth preparation and restoration procedures in a safe environment (Fugill, 2013).
They are versatile and reliable educational tools of relatively low initial cost that
have been in use for a long time (Ben Gal et al., 2011). However, the plastic teeth
used in these mannequins lack the real tactile sensation of natural layers of tooth
structure (i.e. enamel and dentine) and there is a constant need for unit and
handpiece technical maintenance as well as constant availability of disposable

training resources (plastic teeth, burs, etc.).

2.3.2.2.2 Computer Assisted Simulation (Augmented Reality)

Augmented reality refers to superimposition of computer-generated graphics
over a real-world scene. It aims to add synthetic additives to the real world
instead of engaging a person in a world, which is completely generated by a
computer (Al-Mussawi & Farid, 2016). These systems are based on computer

assisted technology, in the sense that a phantom head with plastic teeth and
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handpiece is still used (real tools) augmented with special computerised 3D
graphics and optical sensors that provide auditory and visual feedback based
on GPS (global positioning system) technology which tracks the position of the

manikin jaws and handpiece via LED sensors.

In the majority of these systems, a computer screen is attached to the
unit and it shows a 3D representation of the preparation with real-time
guantitative feedback and detailed evaluation of performance (compared to an
ideal preparation in the database) (LeBlanc, Urbankova, Hadavi, & Lichtenthal,
2004; Levine, DeMaria Jr., Schwartz, & Sim, 2013). The first computer assisted
simulator for dental education was developed in the late 1990’s (Duté et al.,

2011; Rose, Buchanan, & Sarrett, 1999).

In one study, Jasinevicius et al. (2004) compared computer assisted
simulators to the non-computerised phantom head simulator in terms of student-
faculty interaction (time, and type of feedback requested) and preparation related
factors (number of preparations, time spent and the quality of the preparations).
Although the quality of the preparations done by both groups were comparable,
the students trained with computer assisted simulators needed significantly less
instructional time from the faculty than the other group. Therefore, it has been
suggested that these simulators may provide a self-directed learning approach of
sensorimotor skills (Jasinevicius et al., 2004). Similarly, Buchanan (2004)
reported that students who were trained with these systems learned faster,
performed equally well, and carried out more procedures than students who were
trained in traditional laboratories (Buchanan, 2004). This is therefore, considered
an effective approach for skill development especially in operative dentistry
compared to traditional simulation (LeBlanc et al. 2004); and training sessions in

both laboratories can be effectively alternated for manual dexterity training, with
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the provision of appropriate feedback (Wierinck et al. 2006). Urbankova (2010)
highlighted the importance of immediate feedback gained from the simulator
especially at the early stages of dental skill acquisition; and advocated the
integration of simulation technology at the beginning of the preclinical experience

(A. Urbankova, 2010).

Computerized assisted simulation also include 3D printing which involves
printing a 3D teeth which simulate biological tissues and caries from digital scans
and CT scans that allows the development of anatomically realistic models
(Kroger, Dekiff, & Dirksen, 2017; Werz, Zeichner, Berg, Zeilhofer, & Thieringer,

2018).

2.3.2.3 Virtual Reality-based Simulation

Virtual reality technology is described as a system that gives the user a sense
of being inside, controlling, and personally interacting with an environment that
is three dimensionally simulated or replicated (Schultheis & Rizzo, 2001). Virtual
reality depends on two basic features namely, immersion (the act or the sense
of being present in a non-real environment) and interaction (the power of the
user to interact with the virtual environment). According to these features, virtual
reality systems have been classified into three types: non-immersive, semi-

immersive, and immersive (Al-Mussawi & Farid, 2016).

Immersive VR simulation is a technology that uses hardware, software
and interaction devices to give the operator the psychophysical experience of
being surrounded completely by a virtual computer-generated environment.
This is the highest level of immersion and is typically produced by a head
mounted device. Semi-immersive VR simulation is a system in which the

operator wears goggles and sees everything three dimensionally with the help
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of rear projection walls, down projection floor, speakers at different angles,
tracking sensors in the walls and sound /music devices. Non-immersive VR
simulation is the least immersive, it allows the operator to be involved with a 3D
environment by incorporating a stereo display monitor and glasses (Al-Mussawi

& Farid, 2016).

In dentistry, most virtual reality simulators are non-immersive. For a long
time, the phantom head simulator was the main simulator in dental schools but
due to some of the inherited limitations, new computer-based tools and system
have been developed to create virtual reality environments based on
mathematical models that allow users to interact and navigate through the virtual
world (similar to real life). The unique feature of VR simulators is the availability
of objective real-time feedback on student performance, in addition to the
feasibility of iterative practice without the need for additional resources (plastic
teeth, burs, etc.). Therefore, VR simulators were reported to be particularly
effective for formative assessment and evaluation that is facilitated by immediate
and post practice feedback (e.g. video recordings), as well as in enhancing fine
motor skill acquisition rate (Buchanan, 2001; Shahriari-Rad, 2013; Vervoorn,

Wesselink, Cox, Quinn, & Shahriari-Rad, 2015).

2.3.2.3.1 High Fidelity haptic simulation

A step-change in the virtual reality world has been produced with advancement
of haptic technology and specifically dental simulator development. The haptic
system consists of a user, haptic interface (device) and virtual environment. The
haptic interface or devices are electromechanical devices with handles that
permit the user to experience both the sense of touch and sight when coupled
with virtual reality simulators. The touch sensation in the haptic environment can

be achieved by machines, humans or both, while the objects and /or environment
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can be real, virtual or both. These haptic devices present with several features
including degree of freedom (DoF), degree of inertia, residential inner friction and
resolution. The degree of freedom is determined on the amount of directions the
haptic devices can move most commonly; the haptic device has 3-degrees of

freedom.

Haptic devices have a certain degree of inertia which usually occurs if the
haptic device moves quickly. The residential inner friction is presented as noise.
The resolution mainly depends on the amount of feedback per unit distance and
the movement area. The amount of feedback needs to be high to enable sufficient
detailed textures in the virtual environment, and the movement area needs to be
large enough to simulate the actual workspace. At the present, to control
interactions, haptic devices use two basic variations: impedance control and
admittance control. With Impedance control, the user moves the device and then
the details are sent to the computer (measure movement and display force e.g
Phantom® and Falcon®). In contrast, in admittance control the device reacts by
displacing the force in a proportional distance when the user applies a force
(measure force and display movement e.g. Haptic Master ®) (Escobar-Castillejos,

Noguez, Neri, Magana, & Benes, 2016).

Through these haptic interface/devices, the user feels, touches and
interacts with virtual objects. This ability is known as haptic rendering. Haptic
rendering has three types: point based, ray based and 3D object based (made
by a group of points, lines and polygons). In medical procedures, rendering of
deformable objects is often needed. According to one study, rendering
techniques of deformable objects can be divided into two types: geometry based

and physics based (Basdogan & Srinivasan, 2002).
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Geometry-based technique are rapid and easy to apply and the technique
deforms the object based on geometric manipulations. However, it mainly
concentrates on visual representations which is not mandatory to represent the
underlying mechanical deformation. Physics-based algorithms add physics
simulation to the modification of geometry by modelling the physics law involved
in object movement and the dynamics of the interaction within it (Escobar-
Castillejos et al., 2016). In contrast to geometry-based technique, physics based
simulate a realistic performance of deformable objects, thus, they are more
expensive compared to geometry based techniques (Escobar-Castillejos et al.,

2016).

Dental simulators that incorporate haptic technology that provides realistic
feel and touch sensation has changed the way one interacts with virtual objects
(Gottlieb et al. 2013). Haptic VR simulators made the simulation experience,
almost entirely virtual (with no phantom head, plastic teeth, or real handpiece).
These devices have main two benefits over the computer assisted simulator
mainly related to the teeth used. The first is that the tooth is virtual which means
there is no need to replace the teeth. The second advantage is the manipulation
of the teeth density. However, there are of course limitations and some key points
needs to be addressed in relation to these devices such as cost benefit ratios,
maintenance, how students and staff receive advanced teeth compared to a more
traditional typodont, the role of the tutor, how much access students should be
given to the simulation and how real simulation systems need to be for effective

education.

The speed of development in the design and features of various haptic
dental simulators were not always matched by empirical research into their

pedagogical effectiveness, especially large-scale longitudinal investigations.
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However, cumulative evidence of their utility in dental education is currently
emerging in the literature, and VR simulators are gaining momentum in the dental
community and increasingly being implemented by dental schools around the
world that support this type of pedagogical innovation (Eaton, Reynolds,

Grayden, & Wilson, 2008; Vervoorn et al., 2015).

Currently, there are a number of commercially available haptic dental
simulators that have been utilised and investigated in the literature. Compared to
traditional simulators, haptic VR simulators were also reported to enhance the
student learning via improved hand-eye coordination and self-reflection (Cox et
al., 2015). Table 2-4 and Table 2-5 shows the categories of dental simulation with

examples and applications in dentistry, respectively.



Table 2-4 Categories of dental simulation with examples.

Simulation Examples Manufacturer/ Description

category developer

Traditional Bench top simulator Mannequin head (with typodont and plastic teeth)

simulation mounted on the laboratory bench, with limited
ergonomic features.

Contemporary Kavo unit Kavo Dental GmbH Simulated patient or manikin with workstation, a

non-computer- Kavo Dental Corp fully adjustable manikin, electric handpieces and

assisted simulation ' suction.

Computer Assisted | DentSim DenX Ltd. Phantom head, a set of dental instruments,

Simulation (CAS)

infrared sensors, overhead infrared camera with a
monitor and two computers.

Virtual Reality-

Virtual reality Dental

Novint Technologies in

A virtual system consisting of desktop workstation,

based simulation Training System | collaboration with Harvard | a phantom Desktop haptic interface, and dental
(VRDTS) School of Dental | simulation software.
Medicine.
High fidelity haptic | Simodont NISSIN Amsterdam The simodont system provide a complete virtual
simulation oral environment (teeth, instruments) Several
dental procedures can be practiced in a virtual
environment.

IDSS A collaboration between | It consists of a computer, monitor and force
the University of Ilowa |feedback device that focuses on tactile skill
college of Dentistry and | development more than psychomotor skill
Engineering. development.

Voxel Man Voxel-Man group | A 3D virtual training device for surgical procedures

University Medical Center
Hamburg-Eppendorf
(Germany)

it includes all teeth and instrument displayed on a
3D screen.

T9



IDEA

SensAble Technologies

It offers a stylus with six degree freedom attached
to a stand that provides the holder with feedback.
The unit provides also a 3D animated image on the
screen that allows the trainee to practice with tools
while providing haptic feedback.

HapTel

A collaboration between
Kings College London
Dental Institute and
Reading University, UK.

It is based on a haptic unit, adapted from a
computer gaming device. Itincludes 2 screens, the
software gives flexibility to the drilling position,
lightness of touch and foot pedal to control speed
of the bur.

PerioSim

Joined work between
College of Dentistry and
Engineering at University
of lllinios at Chicago

Offers 3D, VR graphics and tactile sensation
allowing visualisation, detecting and evaluating
caries or periodontal diseases in a haptic
environment.

29



Table 2-5 Applications of Simulation in dental aspects

Speciality Type of procedure Reference
Prosthodontics | Diagnosis and treatment planning for implant placement. (Al-Mussawi & Farid, 2016; X.
Chen, Sun, & Liao, 2018; Kinoshita
et al., 2016)
Maxillofacial Perform virtual surgery and generates templates and cutting guides | (Sohmura et al., 2004; Wu et al.,
Surgery that allow for the precise and expedient recreation of the plan in the | 2014; Yu, Cheng, Cheng, & Shen,
operating room. 2011)
Orthognathic surgery.
Le Fort 1 osteotomy.
Removal of mandibular molars.
Planning and training in paranasal surgery.
Orthodontics Treatment planning and movement of teeth (Alcafiiz et al., 1999; Rodrigues et
al., 2004)

€9



Periodontics

Training on scaling
Diagnosis and treatment of periodontal disease.

Differentiation between pathological and normal conditions.

(Mallikarjun, Tiwari,

Sathyanarayana, & Devi, 2014)

Restorative Dental hand skill (Buchanan, 2001)
dentistry Dental instrument handling (drilling, exploring, carving and packing)
Drilling into enamel, healthy dentin, and carious dentin.
Training tooth preparation.
Pain control Delivery of local anaesthesia. (Arane, Behboudi, & Goldman,

Distraction.

2017; Corréa, Machado, Ranzini,
Tori, & Nunes, 2017; Furman et al.,

2009; Won et al., 2017)

9
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2.4 Summary

This literature review has covered the key areas of research that will be
explored throughout this thesis in the experimental chapters that follow.
Specifically, we have covered the processes underlying motor skill acquisition,
the extant literature on predicting clinical performance and finally, advances in
simulation technology. We now turn to addressing discrete research questions
by making use of a state-of-art haptic VR simulator and our background
knowledge on motor skills. The overarching objective across these experiments
is to generate a body of work that can be used to inform dental educators on the

factors that can predict dental performance.
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Chapter 3 Construct Validity of the ‘Simodont’® Haptic Virtual

Reality Simulator

3.1 Introduction

Virtual reality (VR) technology is becoming ubiquitous in dental training. The
dental discipline has a substantial history of using simulation to facilitate the
acquisition of the skills necessary for safe practise (Gottlieb et al., 2013).
Mannequin-based phantom head simulators with artificial teeth have long been
considered as standard pedagogical tools in preclinical teaching (Gottlieb et al.,
2013). More recently, with advances in computing power, VR dental simulators
are increasingly adopted (Rose et al.1999) to supplement and, potentially,
replace these traditional methods (Duté et al., 2011; Suzanne Perry et al.,

2015).

A step-change in VR simulation has come from the integration of haptic
technology into simulators as these systems have the potential to provide
several advantages over conventional approaches. Advantages include the
ability to interact with virtual objects through realistic feel and touch - i.e. known
as haptics (Fager & von Wowern, 2004; Gottlieb et al., 2013; Kapoor, Arora,

Kapoor, Jayachandran, & Tiwari, 2014).

As highlighted in the introduction, the term “haptics” originally comes from
the Greek word haptikos meaning “suitable for touch” and haptesthai meaning
“able to lay hold of” (Minogue & Jones, 2006). The term was first introduced by
Reves in 1931. Currently, the term haptics generally refers the study of touch
and human interaction with the external environment through the sense of
touch. Haptic technology also provides students with the ability to feel the
various tooth surfaces through force feedback mechanisms and distinguish

between soft and hard tissues; potentially useful pedagogical information
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(Buchanan, 2001; Duta et al., 2011; Suzanne Perry et al., 2015). These haptic
systems automatically produce kinematic data (performance production
measures) that could be used for objective assessment of task performance -
information that is not available in conventional training environments
(Suebnukarn, Phatthanasathiankul, Sombatweroje, Rhienmora, & Haddawy,

2009).

Whilst there is obvious promise for haptic VR systems, a number of
guestions regarding the utility of these systems remain (Singapogu, Burg, Burg,
Smith, & Eckenrode, 2014). Central to these issues is whether the systems
relate to real world dentistry, as training on these systems needs to ultimately
translate to the clinic (Issenberg, Mcgaghie, Petrusa, Lee Gordon, & Scalese,
2005; Schaefer et al., 2011). Thus, it is incumbent on those responsible for
education in the dental profession to be able to establish the construct validity of
a system (Gallagher, Ritter, & Satava, 2003; McDougall, 2007) before it is fully
integrated into a dental school’s curriculum. Validity is referred to as the ability
of a device to measure what it is intended to measure meaning that what a
simulator is teaching or evaluating is what it is intended to teach or measure

(McDougall, 2007).

Construct validity is specifically defined as “a set of procedures for
evaluating a testing instrument based on the degree to which the test items
identify the quality, ability, or trait it was designed to measure”( a. G. Gallagher
et al., 2003). Construct validity of a simulator refers to its ability to differentiate
between technical performances of different groups of learners based on their
level of experience (McDougall, 2007). Indeed, this issue (the ability to establish
the construct validity of a system before curriculum integration) has recently

been identified as a research priority for healthcare simulation (Khera, 2011,
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Milburn, Khera, Hornby, Malone, & Fitzgerald, 2012; Motola, Devine, Chung,

Sullivan, & Issenberg, 2013).

The ‘Simodont’ (NISSIN, Amsterdam) is one such current state-of-the-art
haptic VR simulator and it has been used in the School of Dentistry at the
University of Leeds since 2012. The Simodont provides a virtual environment to
practise various dental skills in a 3D-oral cavity using virtual teeth, virtual burs
and virtual hand instruments. The system has clear face validity as it produces
convincing visual and auditory effects during performance (e.g. the sound of the
handpiece) to enhance the simulation experience and make it more “realistic”
(Cutler et al., 2013; Lyons et al., 2013). However, its construct validity - the
ability to which it captures the ability and traits it was designed for (Gallagher et
al. 2003), has not yet been established. To this end, the construct validity of the
‘Simodont’ using participants with no previous exposure to the simulator to
control for a potentially confounding factor of practise effects has been
examined. Here we operationalized construct validity as the ability to be able to

differentiate between different levels of real-world dental experience.
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3.2 Materials and methods

3.2.1 Participants

Undergraduate dental students (N=377) enrolled on the dentistry programme at
the School of Dentistry at the University of Leeds attended an induction training
session on the ‘Simodont’. Data were recorded for Years 1 (n =92), 3 (n =79),
4 (n=57) and 5 (n = 61) and retrieved retrospectively and anonymised (Year 2
data were not recorded as the data was not saved in the main server due to
technical problems; final sample size of 289). The study was approved by the
ethics committees based in the School of Dentistry and School of Psychology at

the University of Leeds United Kingdom reference number EDREC/12/030.

3.2.2 ‘Simodont’ ®haptic dental simulator

The ‘Simodont’ is a virtual reality dental simulator (NISSIN, Nieuw Vennep, the
Netherlands and ACTA, Academic Centre of Dentistry Amsterdam, Amsterdam,
The Netherlands) that consists of a panel PC user interface, 3D display, haptic
display, and foot pedal. The haptic display includes a drill gimbal, hand support,
space mouse and mirror gimbal. A realistic experience of the true clinical dental
environment is simulated through the visual and audio rendering. This includes
a true size display of the instrument and tooth rendered on the 3D display. The
‘Simodont’ courseware (developed by the Academic Centre for Dentistry
Amsterdam (ACTA), Amsterdam, Netherlands) provides multiple procedures
such as manual dexterity exercises with instant evaluation, operative

procedures and crown and bridge preparations for students to practise.
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3.2.3 Procedure

As part of their induction training on the ‘Simodont’, students were provided with
an instruction sheet and verbal instructions from a tutor on how to turn on the
system, log in and select tasks. Students were asked to adjust the height of the
chair and the unit to a position that felt comfortable and wear stereoscopic
spectacles. Participants were given an opportunity to ask any questions at any
point during the training. Students were then provided with six manual dexterity
exercises (displayed on the screen), from which the task—relevant instruments

were then selected.

All participants engaged in a manual dexterity exercise which approximated
the basic requirements of most dental procedures. The task involved use of a
dental handpiece to remove a target “red zone”, presented as a cross-shape in
the middle of a block, whilst attempting to minimise removal of leeway zones
(the ‘safe’ outer areas of the block) as much as possible (see Figure 3-1 for

further details).
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Container Side

N Container Bottom

Figure 3-1.Schematic drawing of the task. (A) Schematic drawing of one of the abstract shapes
available in the manual dexterity training section of the ‘Simodont’ courseware. (B) Cross-
section of the exercise illustrating the location of a Target, the area of the Leeway (sides and
bottom) and Container (sides and bottom).

Real-time feedback on performance was presented on a computer monitor
attached to the device throughout the task. The feedback information included a
percentage score for each of the following: target (task completion percentage),
error scores (leeway bottom, leeway sides, container bottom and container
sides), and drill time (in seconds). Participants were instructed that the aim of
the task was to remove a minimum of sixty percent of the red zone without
touching the beige zone. Once this had been achieved, the students could stop
the drilling and end the task. The students were free to take as many attempts
as they felt necessary to reach the target score. All students were able to
remove 60% of the target, however only the best performance (target > 60%,
not touching the container zone with shorter time to perform the task) for each

participant was used for data analysis.



72

3.2.4 Data Analysis

For statistical analysis, performance on outcome variables: Time (in seconds),
Leeway bottom, Leeway sides (quantified as percentages) and finally, a
Composite Score that captured speed-accuracy trade-offs in performance were

measured.

The composite measure was calculated by multiplying the log of the sum
of the leeway errors (sides + bottom) by the log of the amount of time taken to
complete the task so that lower scores indicate better performance. All variables
were tested for normality to ensure the data met requirements for valid analysis
of variance (ANOVA). Where data were not normally distributed, a

transformation of the outcome variable was performed.

When a significant difference of ANOVA (p < .05) was found between the
groups, Bonferroni corrected post hoc comparisons were performed. Partial eta
squared values (ny?) are reported to indicate effect size. ANOVAs were
conducted using IBM SPSS version 20 (IBM, Armonk, NY, USA), and the linear
regression was performed using R version 3.1.3 (R Development Core Team,

2015)
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3.3 Results
A one-way ANOVA was conducted to compare student performance according
to their year of progression for all outcome variables .A significant main effect of

the year of study on the Composite Score was found [F(3285) = 6.36, p < .001,
n,0.06],Time [F(3285) = 7.08, p < .001, 7,0.07], Leeway Bottom [F(3284) =
8.95, p <.001, 7,0.09], Leeway Sides [F(3284) = 7.51, p <.001, 7, 0.07]. For

brevity, only the statistically significant comparisons for each variable are

described and the data are plotted in Figure 3-2.

AB- B10-
| | 5
1] | S |
< £ ol |
° o]
%4- § |
= & a4
24 |
2_
0

Year 1 Year 3 Year 4 Year 5 Year 1 Year 3 Year 4 Year 5

104

60- | 8 |

40+

Time (s)
Composite Score

20

Year 1 Year 3 Year 4 Year 5 Year 1 Year3  Year4  Year5

Figure 3-2 Performance measures as a function of Training Year are plotted separately for (A)

Leeway Sides, (B) Leeway Bottom, (C) Time and (D) the Composite Score. Error bars represent
95% confidence intervals.
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For the Composite Score, post hoc analysis revealed that Year 1
performance was significantly different to Year 4 (p = 0.05) and Year 5 (p <
0.001) and Year 3 was significantly different to Year 5 (p = 0. 008). For Time,
the Year 3 students took significantly longer to complete the task relative to
Year 1 (p <0.001). In the error measures, the Leeway Side variable, Year 1
performance was significantly different to Year 4 (p = 0.006) and 5 (p < 0.001).
Year 3 also made more Leeway Side drilling relative to Year 5 (p = 0.027). This
pattern of results was similar in the Leeway Bottom variable, with Year 1 making
more drilling in this area relative to Years 4 (p = 0.001) and 5 (p < 0.001). In
addition to this, Year 3 performance on this outcome variable compared to Year
5 approached the significant threshold (p = 0.056). meaning that it did not meet

the predetermined level of significance which was 0.05 but was close.

Finally, to examine whether real-world dental experience could predict
performance on simulator, the Composite Score described above was used and
this value was regressed against the year of the programme of study (r = -
0.229, p < 0.001). The results showed that the year of the programme of study
was a statistically significant predictor of performance, although it explained
only a small amount of the variance in this measure (see Table 3-1). The
regression analysis indicated that for every 1-unit increase in the year of the
programme of study, the performance on the Composite Score decreased by

the unstandardised beta coefficient value of 0.519.
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Table 3-1 Predicting VR performance from the year of programme of study

Variable B SE B t Sig. Adjusted

RZ

Constant 9.88 0.13 22.65 <0.001

Year -0.519 0.04 -0.229  3.99 <0.001 0.049
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3.4 Discussion
This study investigated the ability of the ‘Simodont’ VR system to detect
differences in motor performance between dental students with different levels
of experience. As far as we are aware, this is the first investigation on the
construct validity of this virtual reality simulator. The results showed that Year 3,
4 and 5 students scored better than Year 1 students in the composite measure
of performance. The difference in performance between Years 3, 4 and 5 was
not significantly different, although the mean value grew linearly as dental
experience increased. For the time taken to complete the task, a significant
difference was only found between Year 1 and 3. Specifically, Year 3 took the
longest time to complete the task, whilst Year 1 took the shortest time. Years 4
and 5 took less time to complete the task compared to Year 3. The overall
scores and the task duration showed convergent validity. The performance of
dental students improved as their level of experience increased. Likewise, the
time taken to complete the task decreased as their level of experience

increased- as shown by the differences between Years 3, 4 and 5.

These data align well with the current understanding of the stages involved
in motor skill acquisition (Diedrichsen and Kornysheva, 2015). Early learning,
which could last from minutes to months, is achieved by the students as they
become able to produce movements using less motor planning or preparation
time. This shift in the time-accuracy trade-off is a hallmark of motor skill
learning, followed by subsequent automatization (skill learning) which can occur
at an execution level (through the formation of a new motor primitive) or at an
intermediate level (allowing generation of novel behaviour, hierarchical
chunking of actions, sequences and modular representation) (Diedrichsen &

Kornysheva, 2015).
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The current data show that students take less time to perform a task, but are
less accurate in their attempts to do so when they are at the beginning of dental
education. They then start to sacrifice time for accuracy (performing the task
takes longer) as demonstrated by the Year 3 results, displaying a speed-
accuracy trade-off. This is considered the first phase of learning whereby
students try to understand the activity and concentrate on avoiding mistakes
(Reis et al., 2009; Shmuelof et al., 2012; Telgen et al., 2014; Yarrow, Brown, &
Krakauer, 2009). The time taken to perform the task decreases and accuracy
improves as the students gain more experience in years 4 and 5. This could be
related to the middle phase of learning; gross mistakes decrease, performance
appears smoother, and learners no longer need to concentrate as hard to
perform at an acceptable level (Reis et al., 2009; Shmuelof et al., 2012; Telgen
et al., 2014; Yarrow et al., 2009). This is in agreement with previous work which
reports that performance improves with the amount of practice and is an index
of expertise, whereas duration tends to decrease as the performer gains more

experience (Diedrichsen & Kornysheva, 2015; K Anders Ericsson, 2004).

Overall, these findings show that the ‘Simodont’ is able to capture
performance between novice and experienced dental students (such as
between Year 1 and Year 4 or between Year 1 and Year 5), but not between
performance of experienced trainees with varying levels of experience (e.g.
comparisons between Year 1 and Year 3 or Year 3 and Year 4). It is however,
unlikely that there is no real difference between these years as Year 4 and Year
5 receive substantial clinical experience. Moreover, other studies have shown
that, in terms of manual dexterity at least, there should be a clear difference
between year groups (Wierinck, Puttemans, Swinnen, & van Steenberghe,

2007).
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In future work, it may be useful to increase task demands and examine
whether the ‘Simodont’ is sensitive to this manipulation. For example, future
studies could ask participants to obtain a higher percentage of target removal
and/or lower error rates, introduce visual transformations such as mirror tasks,
restrict the amount of time available to complete the task or include the number

of attempts to reach the target score.

Previous studies have also attempted to capture motor performance
using simulators (G Ben-Gal, Weiss, Gafni, & Ziv, 2013; E. R. Wierinck et al.,
2007), but have mainly concentrated on broader differences between
experience (such as dental students, dentists and non-dentists), whereas in this
study the main aim was to capture finer differences in motor performance
(between dental student year groups). This approach will allow to start the

process of establishing the convergent validity of ‘Simodont’.
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3.5 Conclusion
The ‘Simodont’ has shown sensitivity to performance differences between
novice and experienced students. Thus, the ‘Simodont’ has the potential in
stratifying different levels of dental students’ performance (with the performance
metrics that it automatically generates). The ‘Simodont’ has shown convergent
validity, suggesting it has good potential for measuring dental performance,
educating students, as a tool for the dental selection process, prediction and
monitoring of dental performance. Nevertheless, a variety of tasks of differing
difficulty are likely to be required for fine graded discrimination (where easier
tasks may have discriminatory ability at the novice end of the spectrum and vice
versa). The present study suggests that research on this topic is highly justified

and could lead to a step change in dental education practice.
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Chapter 4 Assessment of the Multiple-Mini-Interview (MMI)

selection process

4.1 Introduction

The process of undergraduate dental education is both lengthy (typically 5
years) and expensive. The identification of students with the necessary aptitude
for the profession is essential (Polyzois et al., 2011) . The selection of the best
suited students will ultimately ensure that the best educated graduates will be
entering the dental profession, and thereby benefit patient care for the public in
the future (see Mon-Williams et al., 2015; Mushtaq et al., 2016 for recent

commentaries on these issues).

Some dental educationalists have developed lists of domains required for
prospective students to demonstrate as they become competent dental
practitioners. The purpose of these lists is to guide processes aimed at
identifying those students with the most potential. For example, the American
Dental Education Association (ADEA) has identified the following skills as
essential for a dental student: critical thinking, professionalism, communication,
interpersonal skill, health promotion, practice management, informatics and

patient care (ADEA House of Delegates, 2011).

Similarly, Cowpe et al (2010) dentified seven domains in the Profile and
Competence for the graduating European dentist (2010), comprising:
professionalism; interpersonal skills; communication and social skills;
knowledge base, information and information literacy; clinical information
gathering; diagnosis and treatment planning; therapy: establishing and
maintaining oral health; prevention and health promotion (Cowpe et al., 2010), a

list that has subsequently been approved by the General Assembly of the
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Association for Dental Education in Europe (ADEE). Both associations share
similar domain values but with some differences in the terminologies or

subdivisions.

The General Dental Council of the UK (GDC) has also set up learning
outcomes for potential registrants which are grouped in four domains: clinical,
communication, professionalism and management and leadership , with nine
key principles of Standards for the Dental team (GDC 2012). The issue is then
how to best evaluate the core traits that will allow a student to take advantage of

opportunities to acquire these skills over their educational journey.

The traditional approach to undergraduate selection in UK dental schools
has been through unstructured interviews. This method has strong face validity
(J. G. Morris, 1999) but has many failings including a lack of standardisation,
poor predictive value and potential for interviewer and social bias (Kreiter, Yin,
Solow, & Brennan, 2004; Razack et al., 2009). Moreover, unstructured
interviews fail to systematically capture the wide-ranging skills required for
dentistry. These problems have led many dental schools to switch to
standardised selection processes designed to map to the specific set of skills

and aptitudes that are believed to be required for dentistry.

Structured interviews have been gaining traction in recent years (Eva &
Macala, 2014; Kay, Bennett, Allison, & Coombes, 2010). Perhaps the most
popular form of structured interview is the ‘Multiple Mini Interview’ (MMI). MMIs
involve short independent assessments, typically in timed circuits. These
assessments are designed to resemble the Objective Structured Clinical
Examination (OSCE) and are rated by one or two assessors (Eva et al., 2004).

MMIs have been successfully introduced by several health disciplines across
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the world as well as within a number of dental schools (Alaki, Yamany, Shinawi,
Hassan, & Tekian, 2016; Dowell, Lynch, Till, Kumwenda, & Husbands, 2012; C.

Roberts, Zoanetti, & Rothnie, 2009).

Importantly, MMIs have been found to be fair and acceptable to students,
with many students reporting they enjoyed this interview format, and stating that
the process allowed them to be competitive. Students also reported that MMIs
helped them present their strengths free from any social bias (Dowell et al.,
2012; Lemay, Lockyer, Collin, & Brownell, 2007; Pau et al., 2013; Razack et al.,
2009). The MMIs are also perceived positively by assessors who have reported
that MMIs are effective and provide a format that allow them to evaluate soft
skills, candidate abilities and thought processes. The assessors suggested that
overall MMIs evaluate a better range of competencies when compared to
traditional interviews (Campagna-Vaillancourt, Manoukian, Razack, & Nguyen,
2014; Oyler, Smith, Elson, Bush, & Cook, 2014). In terms of reliability, recent
reviews for student selection in health profession training have suggested that
MMiIs have moderate to high reliability and have the added benefit of allowing
additional analyses to be conducted (Cleland et al., 2012; Pau et al., 2013). The
effectiveness of MMIs in predicting future undergraduate and postgraduate
performance has also been reported to be good (Eva et al., 2012; Lee et al.,

2016).

In dentistry, a number of studies focusing on the perception of applicants
and interviewers (McAndrew & Ellis, 2012, 2013) have suggested that MMIs are
potentially a better predictor of ultimate dental performance than traditional
interviews (Foley & Hijazi, 2013; McAndrew et al., 2017) and indicate that MMIs
are particularly useful in testing cognitive reasoning skills (C. Roberts et al.,

2009). The potential advantages of MMIs have meant this selection approach



83
has been adopted by a number of dental schools within the UK. Nevertheless,
no studies have been conducted to establish exactly what these stations are
assessing (i.e. what are the skills and abilities that these stations are capturing).
Nor have any studies ventured into the related issue of whether the purported
assessment at a given station corresponds to the appropriate underlying
construct. From here, it would be possible to take an important step in
promoting an evidence-based approach to prospective student assessment by
providing a systematic examination of the underlying factors being assessed in

a current MMI.

The main aim of this study is to identify the factors and traits that is being
captured by this assessment approach and how they map on to the
competencies required for dentistry and the implications for the efficiency and

efficacy of this interview process.
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4.2 Materials and methods
4.2.1 Admission process
Applicants were selected for interview based on their UCAS (Universities and
Colleges Admissions Service) form. The UCAS form assigns numerical scores
for each of its components, which include academic performance, medical
experience, work experience, activities and reference report and each
application was ranked. The marking was performed by experienced members

of the admission team and marked twice to ensure there were no discrepancies.

4.2.2 Participants

From a total of 1,409 applicants, 245 candidates were invited to compete via
MMs for a place on the five-year Master and Bachelor of Dental Surgery and
Bachelor of Science (MChD/ BChD, BSc) programme at the University of
Leeds, UK for 2013/14 entry. Two hundred and thirty-nine students attended
and eighty-seven were successful in their application. The data were
retrospectively retrieved (anonymised) for all 239 applicants for the purpose of
this study (approved by the School of Dentistry Research Ethics Committee at

the University of Leeds, Reference: 271016/IM/216).

423 MMI

The MMI scenarios were developed to assess different domains of competency
with a focus on non-cognitive skills. The scenarios were determined by
academics, the admissions teams and professional/specialist staff within the
dental school. Retrospective probing of the members of the team involved in
scenario selection revealed that the decisions were based largely on clinical
experience of the requirements for successful dental practice. A list of the ten
stations, the skills these stations were purported to assess, and the tasks

employed to assess these skills is presented in Table 4-1 .



Table 4-1 Details of skills and the procedure being assessed by each station.

Station Name

Purported skills assessed

Procedure

Observation

Observation skills and ability
to accurately describe
objects from memory

Candidates were asked to look at a collection of objects for 1 %2 minutes.
They were able to touch/rearrange/pick items if they wish. At the end of 1
Y5 minutes, the objects were hidden and they had 2 minutes to list all the
objects they remembered seeing. Of the items which they remembered,
the examiner asked them to describe some of them in greater details.

Ethics

Ethical awareness and
reasoning

Candidates were given an article to read carefully and asked to discuss
any issues which arise from the situation. They were expected to identify
the ethical dilemmas posed and discuss the pros and cons of any
possible suggestions or solutions.

Presentation

Communication skills

Candidates were required to give a 5-minute presentation. The remaining
2 minutes were for the examiner to ask questions to the candidate in
relation to their presentation.

Origami Ability to follow instructions Candidates were given a sheet of origami paper and a workbook with
and manual dexterity pictures and instructions showing how to create an origami shape.
Insight Insight into issues Candidates were provided with a picture or a scenario and asked to

discuss barriers or issues that they might have if they had to access/get
healthcare.

Communication

Communication skills and
empathy

Candidates were required to communicate and explain to a disbelieving
and upset mother that her child had several decayed teeth.

Interpretation

Analytical and data
interpretation skills

Candidates were given 2 minutes to read through the study information
after which the examiner asked to discuss the study and data to probe
their understanding.

G8



Tangram

Communicate complexed
instructions

Candidates were provided with a photograph of an object made of
wooden blocks of various shapes. Their task was to explain to the student
examiner how to construct the object using the same shaped wooden
pieces (not coloured) that they had in front of them.

CKAT

Manual dexterity

Candidates needed to complete the Kinematic Assessment Tool (KAT)- a
standardised motor test battery on a tablet PC (using a stylus) to assess
fundamental sensorimotor skills. The task involved: (1) tracking a moving
dot; (2) aiming at a series of dots that appeared serially in different
locations; and finally; (3) carefully tracing a shape that appeared on the
screen.

Simodont

Manual dexterity

The candidates were required to complete a manual dexterity exercise on
a virtual reality (VR) haptic simulator. An abstract task was designed to
simulate the requirements of dental surgery. The task involved using the
dental instruments on the VR system to remove as much of the red
coloured zone as possible on a virtual object, whilst trying to avoid the
green and beige zones as much as possible.

98
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The stations were run by dental school staff (including clinical academics
and researchers) and current undergraduate dental students from the fourth
and fifth year. All staff members and students who took part in the MMIs
received extensive training beforehand. The staff had multiple practise runs with
simulated students to practise the scoring system (the purpose of this
simulation run was to ensure smooth running of the stations and examiners
could familiarize themselves with the scoring system) and received a briefing on

the days of the interviews.

424 Procedure

Each circuit took eight students and there were four circuits per session (half
day). Each station lasted between 7-8 minutes. At each station, one minute was
given for applicants to make themselves comfortable, be greeted by the
examiner and presented with the scenario. The applicants were given five
minutes to perform the task. Candidates had one minute to move between
stations. Each station was rated by one or two assessors. The interactive digital
stations took around 20 minutes each to complete (10 minutes to explain the
task and 10 minutes to perform the task). The total MMI time was 104 minutes
with approximately 64 candidates being examined per day. The marking criteria

for each station are described in Appendix Al.
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4.2.5 Data Analysis

For statistical analysis, we measured performance on all ten items. All the items
were tested for normality and sampling adequacy to ensure the data met the
requirements for factor analysis. Where data were not normally distributed, a
transformation of the outcome variable was performed. A correlation matrix was
created to determine the relationship between the variables. A parallel analysis
method along with a scree plot were selected to be the extraction methods for
determining the number of factors to extract over the eigenvalue rule (Ruscio &
Roche, 2012). The parallel analysis was followed by factor rotation to determine
the loadings of each item on the factors. All data were analysed using R version

3.3.1.
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4.3 Results

A factor analysis was conducted on ten items with orthogonal rotation (varimax).
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy verified the
sampling adequacy for the analysis (KMO= 0.69, and all KMO values for
individual items were > 0.5). This demonstrated that it was acceptable to
proceed with the analysis. Bartlett’s test of sphericity (which tests the overall
significance of all the correlations within the correlation matrix) was significant
(x?2=189.09, df = 45, p <.001), indicating that it was appropriate to use a factor

analytic model on this dataset.

All ten items entered the factor analysis together. Using the parameters
of this study the parallel analysis method suggested that two factors be
retained. Inspection of the scree plot supported the results of the parallel
analysis suggesting that two factors gave the most interpretable solution. An
orthogonal rotation (varimax) was then performed since the factors were
expected to have low correlation to determine the loading strength of each item
to the factor. Inspection of the factor correlation matrix showed non-zero
correlation between the proposed factors. For the interpretation of the factors,
the pattern matrix was used following the analysis. This analysis revealed that
all items loaded significantly on one of the factors Figure 4-1 demonstrates the

loading strength of each item to the factor.

The results of the factor analysis of the ten items used in the current
study revealed two factors were sufficient to explain the underlying structure of
the MMIs. The first factor had an eigenvalue of 1.37 and accounted for 14.6% of
the variance in the data. The second factor had an eigenvalue of 0.52 and

accounted for a further 6.3% of the variance.
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The first factor seems to reflect soft skills as all six items (presentation,
memory, ethics, interpretation, and insight) related to the ability to communicate
(with the ability to show empathy), analyse and interpret data, describe things,
show ethical awareness and reasoning and give their personal insight into
issues. Thus, factor 1 was labelled as “soft skill”. The second factor appeared to
represent visuomotor skills as the four items origami, simulator performance,
CKAT and tangram loaded most highly on it. All four items related to manual
dexterity performance with the ability to follow complexed instructions, thus,

factor 2 was labelled as “visuomotor”.
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Figure 4-1 Factor loadings of the ten items Memory, Ethics, Presentation, Origami, Insight,
Communication, Interpretation, Tangram, ‘Simodont’ and CKAT (Clinical Kinematic Assessment
Test) across the 2 factors of ‘soft skills” and ‘visuomotor skills’. Factor Loadings represents the

variance explained by each item on the particular factor.
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4.4 Discussion

The present study was based at the School of Dentistry at the University of
Leeds, where ten selected scenarios were deemed to be useful tasks for
identifying the most suitable students for admission to the Dental Surgery
programme. This reflects an approach that has been adopted by many dental
schools throughout the UK. While there is a degree of sharing good
practice/approaches used across different dental schools, ultimately each
dental school has its own MMI structure (i.e. each school will use different types
and numbers of scenarios and the scoring of performance will differ across
institutions (Dowell et al., 2012; Lemay et al., 2007). This situation suggests that
there is a need to evaluate the scenarios used and conduct formal statistical
tests to ensure that dental schools are using the best possible assessment
procedures, with the ultimate goal of establishing an optimal assessment

procedure that could be used by all.

An evaluation of the research literature to date suggests that there has
been little formal evaluation of MMIs within dental schools to allow a formal
evaluation of the individual tests and their psychometric properties and enable
evidence-based improvements in the selection process despite the nature of
MMis (and the wealth of data collected on an annual basis). For example, only
one study was found on this topic (that investigated the influence of gender and
starting station in the MMI used for dental school entry (Barbour & Sandy,

2014)).

In medicine, there have been studies that have investigated the MMI test
characteristics when station type was manipulated (Eva & Macala, 2014) and
the effect of examiners’ systematic differences in the rating pattern for

candidates’ scores and selection (Till, Myford, & Dowell, 2013). Eva et al noted
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that changes to the structure of the stations can yield better outcomes (e.g.
behavioural interview stations were found to be better than unstructured
situational judgement and free-form stations Eva and Macala, 2014). These
types of studies indicate the potential for statistical evaluation of the
assessment process, with the data then enabling improvements to be
implemented on the basis of objective findings. Nevertheless, there is a lack of
reported research into the properties of individual tests and the underlying

factors (traits) that are captured by the MMI stations.

The present study investigated the number of factors that underpinned
performance across the MMI stations and examined the statistical relationship
between the stations. The correlation analyses showed low correlations, but the
factor analysis revealed two distinct factors that could explain the underlying
structure of the MMIs. The factors were labelled as ‘soft skills’ and
‘sensorimotor’ ability. If the design of the MMI is accepted to have a good face
validity for the experienced admissions team, then it is possible to conclude that
these are two fundamental factors that are essential in prospective dental
students (along with academic capability which is typically assessed via
standardised national examinations within the UK). This result tallies well with
the general consensus across the dental discipline regarding the critical
attributes that are required by dental student. For example, a review paper
highlighted the importance of these skills in dental practice and suggested that
‘soft skills’ increase confidence, professionalism, co-ordination, friendliness and
optimism in an individual (Dalaya, Ishaquddin, Ghadage, & Hatte, 2015). The
review also suggested that a combination of soft and motor skills are important

for patient management, dental practice and business management.
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The identification of these two fundamental traits is important because it
provides an evidence-based rationale for the factors that MMIs need to capture.
In turn, this allows greater efficiencies within MMI design. For example, the data
suggest that fewer stations may be required to capture ‘soft skills’ (given that six
stations load onto this factor). There are advantages to some redundancy in the
stations (e.g. a student may perform poorly on an initial station because of
nerves) but there are clear economic advantages to having the lowest possible
number of tests for each domain of competence as this will help in covering
more traits. This will be further decided when mapping these stations with
eventual student performance and thereby a clear view on how these stations
could be redesigned by either refining or combining better stations and rejecting
poorer ones will be achieved. This mechanism can provide a tool for
assessment of these MMI stations to robustly measure broader competency
traits and identify the tests that have the best construct validity for these
domains. MMis typically include some form of assessment of motor skills as
manual dexterity is an integral part of dental practice (L. M. S. Al-Saud et al.,
2016; Gansky et al., 2004). Unfortunately, a number of motor skill assessments
rely on poorly validated instruments that require subjective evaluations of

performance and that are intrinsically unreliable.

The results of the current study suggest that it would be highly beneficial
for dental schools to adopt and evaluate precise and objective measures of
sensorimotor ability. It may also be useful to develop tests that combine the
skilled control of the hands together with higher-order cognitive abilities (such
as decision making), as this reflects the reality of how motor control is
implemented within dental clinics. The MMIs within the present study included a

virtual reality simulator that required a naturalistic combination of sensorimotor
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and decision making skills and this may be a particularly useful station
(Mirghani et al., 2018). In the future, it will be of interest to determine which of
the existing stations provides the best prediction of undergraduate performance
(as indexed by performance on the myriad of tests conducted throughout the
undergraduate degree). The great advantage of the MMI system is that the
usefulness of the stations can be evaluated over time and assessments altered
on the basis of this evidence. The present study provides a small, but important,

first step in the statistical evaluation of dentistry MMI stations.
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45 Conclusion

A well-established interview technique for entry to a UK dental school was
subjected to factor analysis. The results showed that the interview process
captured two fundamental traits across ten assessment stations. Further studies
involving these stations and their ability to predict undergraduate performance
will allow the iterative and methodical improvement of station design. Thus,
such data and analyses will have important implications for the design and

refinement of the entry processes for dental schools across the world.
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Chapter 5 Changes in sensorimotor skill over the course of

Undergraduate programme of Dental Surgery

5.1 Introduction

There are numerous advantages to creating objective measures of an
individual’s underlying motor ability. The difficulty with creating such measures
is that motor skills can be trained. There is no doubt that dentists get a lot of
practise over a lifetime of clinical work given their working in small confined
spaces (e.g. the oral cavity) and manipulating instruments with millimetres of
precision. But does a dentist’s fundamental manual dexterity change as a result
of this practise? In other words, through practising a specific fine motor skill on
a weekly basis, are there changes to the systems that measure the execution of

fine motor skills?

A key feature of human learning is that the largest changes occur in the
early stages of the process (as can be visualised on learning curves). Thus, it
holds to reason that the first few years of clinical practise will see the greatest
changes (if any) in measures of manual dexterity over the course of a dental

undergraduate programme.

Previous investigations into the motor learning curve for dentistry have
only focussed on small durations of time. For example, a recent study
demonstrated statistically reliable improvements observed after only 2-3 weeks
of training and, after 12 weeks of observation, there was no plateau in
performance (Gilad Ben-Gal et al., 2017). Moreover, the students who
performed better at the outset performed better and needed less time to reach
targets, whilst the lowest performing students remained low throughout the

entire study (Gilad Ben-Gal et al., 2017). Given that an undergraduate degree
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typically involves five years of study, there is a clear gap in our knowledge of

the characteristics of the remainder of this learning curve.

In general, studies have stressed the importance of assessing manual
dexterity over time through valid manual dexterity tests (de Andrés, Sanchez,
Hidalgo, & Diaz, 2004; Luck et al., 2000). These studies have also typically
concluded that manual dexterity tests are useful in monitoring and assessing
improvement or detriment in manual dexterity over a period of time (de Andrés
et al., 2004; Luck et al., 2000). This is particularly vital in dentistry as dental
students need to acquire fine motor skills during their dental programme in
order to excel. This begs the question of how we might reliably assess changes

in manual dexterity over time?

Human motor control is classically inspected by measuring movements
in response to the presentation of some visual stimuli in a controlled task. The
majority of laboratory-based techniques designed to capture the movement of
the hands are categorised based on the sensory technology employed:
mechanical, optical, magnetic, inertial and graphical. One major drawback
common to these hand movement recording devices is the fact that they are not
fully integrated with visual display systems. The Kinematic Assessment Tool
(KAT) provides an integrated system for human movement measurement and
analysis through the controlled presentation of interactive visual stimuli (Culmer,
Levesley, Mon-Williams, & Williams, 2009). This test was specifically designed
as a solution that would allow the integration of the visual display software with
accurate measures of end-point hand control and is completed on a touch-

screen tablet PC using a hand-held stylus.

Validation studies have shown that KAT provides a detailed kinematic

feedback on performance comparable to laboratory motion capture systems
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(Shire et al., 2016). The task battery (comprising three different tasks - tracking,
aiming and tracing) is designed to measure core manual dexterity skills and
taps into sensorimotor processes central to the control required for other ‘real-
life’ tasks such as handwriting. The system has been tested on thousands of
children and adults since its development in 2009 and has shown itself to be
capable of distinguishing between different level of motor coordination on the
basis of functional ability (Flatters, Hill, Williams, Barber, & Mon-Williams, 2014;
Flatters, Mushtagq, et al., 2014). As such, it makes an ideal assessment for
testing manual dexterity development in dental students across their dental

programme.

The aim of this study was to investigate whether there were any changes
in the performance of dental students as measured by the KAT by comparing
the manual dexterity scores of dental students at the University of Leeds School
of Dentistry at the Multiple-Mini-Interview stage (Year 0, i.e. prior to enrolling on
the dental undergraduate programme) and in the fifth year of their study. In

other words, we investigated the test-retest reliability of the KAT system.
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5.2 Material and methods

5.2.1 Participants
Undergraduate dental students (N=30) enrolled on the dentistry MChD/BChD,

BSc programme at the School of Dentistry at the University of Leeds 2013/2014
entry participated in this study. After gaining approval from participants, data for
the KAT MMI scores (recorded in December 2013) were retrospectively
retrieved. Data for KAT at fifth year performance were recorded in December
2018 and then subsequently anonymised. The study was approved by the
ethics committees based in the School of Dentistry and School of Psychology at

the University of Leeds, United Kingdom DREC ref: 271016/IM/216.

5.2.2 The Kinematic Assessment Tool

The KAT is an experimentally validated system capable of providing accurate
and repeatable measures of kinematic performance in a package that is
portable, rugged, and operable. KAT consists of a laptop screen that rotates
and folds back to provide a horizontal display and ‘writing’ surface using

integrated sensors that measure the planar position of a custom stylus.

The test battery was designed and presented using the KAT, a custom
software package specialised for presenting interactive visual stimuli on a tablet
laptop computer screen, whilst simultaneously recording participants’ kinematic
responses to these stimuli via interactions with the screen using a handheld
stylus (Culmer et al., 2009). The KAT software has been implemented using a
software development environment: LabVIEW (Version 8.2.1, National
Instruments™). The KAT battery was implemented on Toshiba tablet portable

computers (Portege M700-13P, screen size: 303x190 mm, 1280x800 pixels,
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32-bit colour, 60 Hz refresh rate) with a pen-shaped stylus (1409 mm

diameter) used as an input device.

The KAT framework is constructed around the delivery of
interactive kinematic assessment trials in which visual stimuli are coordinated
with respect to movement of the input device. All the tasks in the KAT require

the use of a stylus pen and these sub-tests are detailed next.

5.2.2.1 KAT Sub-Tests

The KAT test battery consisted of three tasks (tracking a moving dot, aiming
between a series of dots and tracing along a path), all performed with a pen
stylus on a tablet computer (during every subtest the position of the stylus is
recorded at a rate of 120 Hz, with a 10 Hz dual-pass Butterworth filter applied to

the raw positional data at the end of each testing session).

5.2.3 Tracking

This sub-test comprised of two trials, the first trial was without guidelines while
the second trial included guidelines (3mm wide). Initially, participants started by
placing the stylus tip on a motionless dot (10 mm diameter) presented in the
centre of the tablet's screen. After a second's delay the dot started moving
across the screen in a figure of eight motion (height = 55mm and width =
110mm) for 84 seconds for a total of nine ‘Figure of 8 motions transitioning
from slow to medium to fast each consisting of 3 revolutions. At this stage the
participants were instructed to keep the tip of the stylus as close as possible to

the dot's centre for the remainder of the trial see Figure 5-1a.
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5.2.4 Aiming

The aiming sub-test required 75 consecutive aiming movements through
repetition of 15 star shape, each star shape comprised of five, aiming
movements. The task required was to target dots on the tablet's screen, which
eventually form a star shape. This task does not include any guideline.
Participants were instructed that once the sub-test started, they should not lift
the stylus off the screen. The sub-test was started by placing their stylus on the
start position (a circle with the letter ‘S’ within it), prompting a target-dot which
was 5 mm in diameter to appear at location 1 see Figure 5-1b. Participants
were asked to respond as quickly and accurately as possible to this
presentation by sliding their stylus across. Once they reached the target dot the
dot disappeared and a new target-dot concurrently appeared at location 2.
Participants had to respond to this second target in the same manner as the
first, in turn causing it to disappear and the next target-dot to appear at location
3. Participants repeated this pattern of response until the 75" target, after which
the finish position (a circle with the letter ‘F’ within it) appeared on screen see

Figure 5-1b.

5.2.5 Tracing

The Tracing sub-test included six trials. In each trial the participant was
required to place their stylus on the start position on an otherwise blank screen.
After one second, a 4 mm-wide tracing path appeared, connecting the start

position to a finish position marked at the other end of the path see Figure 5-1c

The participants were instructed not to lift the stylus off the screen at any
point, to move the stylus along the tracing path to the finish position and trying
their best to stay within the path's guide-lines whilst doing this. Once they

started moving down the path the stylus produced an on-screen ‘ink trail’ (like a
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real pen), providing feedback to participants on their progress. Each trial
demonstrated either path A or B, which had identical geometry but were

mirrored vertically see Figure 5-1c.

Paths A and B were presented alternately, meaning each was traced
three times. In each trial, a black transparent box appeared on the screen next
to the start position surrounding approximately one seventh of the length of the
tracing path. After the participant had begun tracing, this box shifted
sequentially along the path every 5 seconds and the box would have a total of
seven shifts (totalling 35 seconds) by the time it reached the finish position.
While Participants were tracing along the path they were clearly instructed to try
to remain within this box with their stylus. The presence of this ‘pacing’ box was
for the purpose to standardise the speed (approximately), to prevent
participants' prioritisation of ‘speed’ and ‘accuracy’ with respect to their

performance from confounding results.
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Figure 5-1 Demonstration of the three manual control battery tasks Reproduced from Flatters
et al (2014) under the Creative Common License. (a) Schematic of Tracking trial, the left
Tracking trial is without guidelines, the right included the additional guidelines. (b) Schematic of
the Aiming subtest, annotated with dotted arrows implying the movements participants would
make with their stylus to move off the start position, between target locations and to reach the
finish position. On the 4th panel further annotations indicate the locations in which targets
sequentially appeared, with numbers indicating the sequence in which they were cued. (c)
Schematic of Tracing, Left is a schematic depicting tracing path A and right is a schematic
depicting tracing path B. The black shaky lines are an example of the ‘ink trails’ a participant
would produce with their stylus in the course of tracing.
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5.2.6 Procedure

This experiment involved two phases of data collection. The first session was
conducted at the Multiple-Mini-Interviews at the school of Dentistry, University
of Leeds. The KAT was one of the stations and it was used to assess motor
performance in dental students. The second session was conducted when the
students reached their 5" year of the dental programme. The students were
then invited to take part in the experiment and their participation in the
experiment was entirely voluntary. Participating students were made aware of
what the study involved and their right to withdraw at any time they wished to do
so. Prior to completing the KAT, participants were asked to complete a consent

form.

At both time points, students were provided with the instruction sheet
followed by verbal instructions on how to perform three tasks. A tablet computer
in landscape orientation was placed in front of them with its screen folded flat.
The edge of the tablet nearest the participant was 15 cm from the table's edge.
Participants were instructed to hold the stylus in their dominant hand and were
explicitly asked not to switch the stylus between hands or lift it during testing or
use both hands to bimanually manipulate the stylus. They were instructed to, as
much as possible, keep their non-dominant hand stationary, on the table top, off

to the side of where the tablet had been placed.

Students were then given an opportunity to ask any questions before
they started the practise trials. Once the students finished the practise trial, they
were then asked to start the testing. The task lasted around 12 minutes and
performance was measured on speed and accuracy of the movement as

detailed in the data analysis section reported next.
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5.2.7 Data analysis

Scores on each KAT sub-test were generated and matched across the two

sessions and then anonymised for analysis.

The Tracking task performance by the participants was measured
through the Root mean square error (RMSE), which is a measure of the spatio-
temporal accuracy of the participants. The RMSE for each Tracking trial with or
without guidelines was calculated with respect to each speed condition slow,

medium and fast.

The Aiming task performance by participants was measured through the
Movement time (MT) which is the time between arrival at one target location

and arrival at the next one in seconds.

The Tracing task performance by participants was measured through
path accuracy (PA) which represents the arithmetic mean (in mm) across all
samples within each trial for the distance from the stylus to an idealised

reference path (path A or B).

The scores on each assessment tracking, aiming and tracing for Year 0
and Year 5 were then calculated, based on each performance metric. Each
assessment score from year 0 and year 5 were then converted into z-scores.
The assessment scores for each year group were then averaged across to give

one score. Each year group scores were then rescaled into percentiles.

A paired-sample t-test was used to analyse the results and to determine
statistical significance (with an alpha threshold of .05). followed by a Pearson’s
correlation to examine whether there was a relationship between the variables.

Data were analysed using R version 3.3.1.
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5.3 Results

A paired-sample t test was conducted to compare if student performance at the
KAT changed over time (see Figure 5-2). It was found that the difference, 5.54,
95 % CI [-3.60, 14.67], was not statistically significant, t (29) = 1.240, p = 0.225

and represented a small size effect, d = 0.23.
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Figure 5-2 Student performance on the KAT at Year 0 and Year 5 of undergraduate Dental
training. Each black circle represents an individual participant and the error bars show standard
error of the mean.

Next, an important part of the investigation was to examine whether
individual participant scores at the two different time points bore any
relationship with one another. To this end, a Pearson’s correlation was
performed and a statistically significant moderate positive correlation was found
between the two groups (r = .460, p = 0.011; see Figure 5-3), thus indicating a

reliable relationship between assessments at Year O and Year 5.



108

1004 (]
]
d 0 5
80+ [ |
[ ]
- (]
= [ ]
[ ] [ ] ]
60 .
To) a® g
@ = C]
L - =
40
B
20
(]
0 : : a ‘ ‘
0 20 40 60 80 100
Year 0

Figure 5-3: The correlation between dental students’ performance. Scatterplot illustrates there
was a positive correlation between dental student performance in year 0O (i.e. at selection) and in
year 5 of undergraduate dentistry. One possibility for the outliers presented in the scatterplot
was students experiencing technical problems with the KAT.
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5.4 Discussion
There have been a few studies exploring the test-retest validity of manual
dexterity tests designed to measure the sensorimotor abilities of dental

students.

Here, we examined whether there would be any performance differences
on a manual dexterity test conducted during the interview selection stage and
five years into dental education. The results showed no statistically reliable

change in dental student motor performance.

The majority of studies that have examined changes in manual dexterity
over time have commented on the value of these tools as continual assessment
devices rather than use as initial screening tools (Gansky et al., 2004; Giuliani
et al., 2007; Luck et al., 2000). However, the present data offer an alternative
take- suggesting that the kinematic assessment tool provides a stable and
reliable measure of performance over a long period of time. Thus, there seems
to be an opportunity to use such a device as a screening tool at the outset of

training.

It is worth comparing this study’s results with other studies reporting that
manual dexterity can be educated and improved over time provided the ‘correct’
training is received (Gilad Ben-Gal et al., 2017; Giuliani et al., 2007; Luck et al.,
2000). However, it is important to note that the majority of tasks used to
examine sensorimotor performance in previous work have not been “pure”
measures of sensorimotor capability — often involving cognitive elements that
can be improved through repetition or have some applied relevance to dental
training and thus have the potential to be ‘contaminated’ by knowledge acquired

during dental training. Here, | implemented a task that was designed to capture
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the fundamental characteristics of sensorimotor performance outside of any

dentistry specific training and with minimal cognitive demands.

The findings are particularly compelling given that there are other factors
that could have contributed to observing differences in these data. This study
used the KAT results recorded at the MMI's year 0 and the KAT in year 5.
Inevitably, the stakes of an individual performance were much higher at the
interview stage as they were being assessed and competing against each
other- and this motivator would be expected to impact on performance (Kirby,
1979). In contrast, in year 5, participants took part on a voluntary basis and

there were no consequences of poor performance on educational outcomes.

We also note that the ability to recruit participants was impacted by the
study timeframe- which coincided close to the fifth-year final exams and busy
scheduled university activity/timetables which involved the dental students to be
out of campus. A longer timeframe would have led to more participation which
in turn a larger sample size would have improved the reliability of this study.
However, it is worth noting that even with a relatively small sample, there was a
significant moderate positive correlation between the performance of the KAT at

the MMI's year O and in year 5.

For future work, it would be useful to compare dental performance of the

students after completing their preclinical training and across different cohorts.
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5.5 Conclusion
There was no change in the dental students’ motor performance in KAT over
time. However, a significant moderate positive correlation was found between
the KAT scores at the interview process and at the year 5 indicating its potential
usefulness as an assessment tool in the selection process. In the next chapter
we examine the relationship between performance on the KAT and dental

educational performance.
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Chapter 6 MMIs as a Predictor of Undergraduate Dental

Performance

6.1 Introduction

Face-to-face interviews to assess prospective applicants were the norm for both
medical (Anderson, Hughes, & Wakeford, 1980; Fruen, 1980; Litton-Hawes,
MacLean, & Hines, 1976) and dental schools (Killip, Fuller, & Kerber, 1979;
Walker, Killip, & Fuller, 1985) for a long period of time. Whilst these approaches
have strong face validity (i.e. the subjective assessment of whether a test
measures or captures the construct that it purports to index; Morris, 1999)), they
have shown poor predictive value, failure to capture the wide-ranging number of
skills required for dentistry and potential for interviewer and social bias. These
factors have led to many dental institutions seeking alternative methods
(Albanese, Snow, Skochelak, Huggett, & Farrell, 2003; Kreiter et al., 2004;
Mann, 1979; Razack et al., 2009; G. D. Roberts & Porter, 1989) for assessing

prospective applicants.

In a previous chapter in this thesis, we described a common approach
adopted by many dental schools across the world today (Alaki, Yamany, et al.,
2016; Brownell, Lockyer, Collin, & Lemay, 2007; Dowell et al., 2012; C. Roberts
et al., 2008, 2009) - the multiple mini interview (MMI) format. Briefly, MMI’s use
short independent assessments, typically in timed circuits designed to resemble
the Objective Structured Clinical Examination (OSCE) rated by one or two

aSSessors.

In general, applicants and interviewers have reported MMIs to be positive
(Barbour & Sandy, 2014; McAndrew & Ellis, 2012, 2013). However, a thematic

analysis of student feedback reported a number of emergent theme such as
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lack of control, anxiety, nervousness, comparisons and preparedness
(McAndrew & Ellis, 2012, 2013). In terms of reliability, the intra-station reliability
(the internal consistency for each station), inter-item reliability (the internal
consistency of the scores assigned within any one station) and the inter-rater
reliability (interviewers giving similar scores to similar interview performance)
within MMI stations range from moderate to high (Dore et al., 2010; Lemay et

al., 2007; Pau et al., 2013; C. Roberts et al., 2008).

Recent work has examined the relationship between performance on the
MMils, alternative admission measures such as the UKCAT and high school
GPA scores and examined whether they have any power to predict academic
performance (Alaki, Yamany, et al., 2016; Foley & Hijazi, 2013; Husbands &
Dowell, 2013; McAndrew et al., 2017) For example, one study investigated the
correlation between interview scores in two universities (Cardiff - which uses
multiple mini interviews, and Newcastle - which uses semi structured interviews)
with subsequent examination scores. The results showed that there was no
correlation between examination scores and interview scores (MMI and
traditional interviews) in either university. However, the UKCAT was linked to
poor academic performance in primary Bachelor Dental Surgery part 1 which is
the summative examination results for anatomy, physiology and biochemistry
(P=0.06) and primary Bachelor Dental Surgery part 2 which is the summative
examination results for oral ecosystems and clinical dentistry (P=0.03) in
Cardiff, and a borderline fail at Newcastle (P=0.001) (McAndrew, Ellis and

Valentine, 2017).

Another study showed a positive correlation between MMI scores and
GPA performance in Year 1 and Year 2 of dental training (Alaki, Yamany, et al.,

2016). Specifically, these researchers found a significant positive relationship
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between a global MMI score and semester GPA (r = .434, p <.0001) and
cumulative GPA (r =0.424, p < 0.0001) in Year 1. This relationship persisted in
the second year for both semester’'s GPA (r = 0.411, p <0.0001) and cumulative
GPA (r =0.393, p< 0.001). Similarly, Foley & Hijazi (2013) found a correlation
between performance at the MMIs and Common Assessment Score (CAS), a
performance measure which took into consideration scores of all end of term
and end of year examinations (r = 0.180, p = 0.001, df = 538). Interestingly
however, pre-admission scores (r = 0.050, p = 0.248, df = 538) and Universities
and Colleges Admissions Services UCAS scores (r =-0.059, p = 0.169, df =

538) did not correlate with the CAS.

In a previous chapter, we examined the MMIs employed at the University
of Leeds and showed that this interview process captured two fundamental
traits across ten assessment stations - soft skills and visuomotor skills. Building
on this work, in this study we will use these results as a platform from which we
will conduct an exploratory analysis which will investigate the predictive validity
of these specific traits on academic performance that was designed to assess
such abilities. For completeness all intra year (and intra-module/assessment)

performance will be included in the data analysis section of this chapter.

The majority of studies in dentistry examining this topic have focussed on
the ability of the MMIs to predict overall academic or examination performance
and have been retrospective in nature. The following study adopted a
longitudinal approach, providing more detailed examination into the ability of
each construct measured by the MMiIs in predicting soft skills and motor

performance (in pre-clinical and clinical settings) across the curriculum.

The aim of this study was to examine the predictive relationship between

performance on MMI stations in the School of Dentistry and the undergraduate
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dental student performance over the dental degree. Our specific objectives
were to explore the relationship between students’ MMI performance (visuo-
motor stations and soft skills stations) and their subsequent performance in

selected motor and soft skills tasks.
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6.2 Material and methods

6.2.1 Participants

A self-selecting sample of the 2014-2015 Dental Surgery programme’s cohort of
undergraduate students (N= 60, 47 females,13 males) were recruited from the
School of Dentistry, University of Leeds. This was an opt out study, so any
student who wished to withdraw simply clicked on a link and their data were
removed. All data collected from students were anonymised and were
identifiable by a unique participant identification number (UPN) to protect
student identity and to further secure anonymity individual UPNs were replaced
with a subject ID. Ethical approval was gained by Dentistry Research Ethics
Committee (DREC) at the University of Leeds and the School of Psychology

(DREC ref: 271016/IM/216).

6.2.2 The Dental Curriculum Measures

The Dental curriculum at the University of Leeds consists of 24 modules. There
are six modules for year 1 (Professional Development 1, Health Promotion, Oral
Environment, Oral Disease, Pain Management and Clinical Practicel), 5
modules for year 2 (Clinical Skills A, Social Sciences, Biomedical Sciences,
Professional Development 2, Clinical Practice 2), 6 modules for year 3 (lliness &
Wellbeing, Undergraduate Project, Clinical Skills B, Child Dentistry,
Professional development 3, Clinical Practice 3) and 6 modules for year 4
(Clinical Sciences, Adult Dentistry, Child Dentistry Clinical Practice 4,

Professional Development 4 and the first part of the ‘Final Year’ Project.

A total of 23 modules taught up to the fourth year of dentistry were
correlated with scores obtained on the MMiIs in this chapter. Year 5 data were

not included in this study since their examinations results would appear after the
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submission of this thesis. For assessment details for each module please see

Appendix B2.

In addition to these global module marks, we also selected extracted
measures on tasks from across the dental curriculum most closely mapped to
the skills assessed at interview (i.e. soft skills and visuomotor skills). We

describe the extracted measures next.

6.2.3 Selected Soft Skills Tasks

From each year group a “soft skill” assessment task was selected from a
module formal assessment (see Figure 6-1). We note that whilst these
assessments often involved elements beyond soft skills (e.g. OSCEs are
designed to capture more than soft skills and relate to specific knowledge), they
involved elements that provided the closest approximate mapping with the skills

assessed at the MMIs.

The six assessment soft skills tasks included Group work presentation
from year 1 (which accounts for 25% of the Personal and Professional
Development 1 module formal assessment) and Poster presentation from year
2 (accounting for 60% of the Personal and Professional Development 2 module

formal assessment).

Scores from Year 3 included OSCE performance (which accounted for
40% of the Clinical Practice 3 module formal assessment) and a presentation
(which accounted for 40% of the Personal and Professional Development 3

module formal assessment).

For Year 4, we included OSCE performance on the Clinical Practice 4

module formal assessment and a presentation (which accounts for 10% of the
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Personal and Professional Development 4 module formal assessment). See

Appendix B2 for more details of the soft skills tasks used for analysis.

VR

( Soft Tasks )

\____/
(@) O (@
Year 1 ‘ Year 2 ‘ ‘ Year 3 ‘ ‘ Year 4 ‘
- Group Work Poster OSCE Presentation OSCE Presentation

‘ Presentation Presentation

Figure 6-1 The six tasks extracted from each year group with the closest mapping to the soft

skills assessed during the MMls.
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Selected motor skills tasks

From each year group a motor skill assessment task was selected from a formal
module assessment (see Figure 6-2). The seven motor tasks included: (i) the
Simodont induction - Year 1, (ii) a Spotter test - Year 2, (iii) a Pre-clinical crown
test - Year 3; and (iv) OSCE - Year 3 (v) a Clinical crown test Year 4 (vi) a
Spotter test Year 4 (vii) OSCE Year 4. The OSCE tasks assessed in the Soft
Skills analysis was included as these tasks involve elements of soft and motor

skills.

The Virtual Reality Haptic dental simulator (Simodont) induction
performance from year 1 (the results of student practice trials on the manual
dexterity exercise available in the Simodont courseware) were downloaded from
the Simodont server, filtered, arranged in excel sheets, calculated and exported
to SPSS for analysis. We standardised the selection criteria as follows: the
minimum task completion level 60% and container damage equals zero. The
average best attempts for each student were calculated (Score = target —

((Leeway Sides + Leeway Base)/2)).

The Year 2 Spotter test accounts for 50% of the Clinical Skills A module
formal assessment. It is performed in the phantom head using typodont with
mounted plastic teeth. In this laboratory test, the students were asked to spot
the wrong/defective part of a preparation or restoration. Afterwards, the dental
instructors assign a final mark out of 100 to each student based on their

performance.

The Year 3 Preclinical crown test accounts for 50% of the clinical skills B
module formal assessment. It involves a Full crown preparation on typodont

with mounted plastic teeth in the phantom head simulator,40% of the grade of
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this test is assigned to the student critical self-evaluation (the ability to critically

evaluate his/her work e.g. identification of preparation errors).

Year 3 OSCE It accounts for 40% of the Clinical Practice 3 module

formal assessment.

Year 4 Spotter test accounts for 50% of the Complex Adult Dentistry
module formal assessment. The test required the students to identify problems
and how to rectify them from topics taught in this module (e.g. denture model on
an articulator and having to identify problems such as wrong or defective
restoration or preparation). The dental instructor then assigned a mark out of

100 based on their performance.

The Year 4 OSCE accounts for 50% of the Clinical Practice 4 module
formal assessment. The Year 4 Clinical crown test is a progressional
assessment test which is part of the Clinical practice 4 module formal
assessment. Each student was assigned a pass or fail. Details of the
assessment scores were gained through the Operative department. This test

involves a clinical crown preparation on real patients.

VR

( Motor Tasks

Yeor-l Year 2 Yeoir 3 ' Year 4

simodont | | Spofter fest | | OSCE | | Preclinical | | OSCE | | spotter || Crown |
Induction | P { | crownfest i | Clotest [ test
Pre-Clinical Do Clinical

Figure 6-2 The 7 tasks extracted from each year group with the closest mapping to the

visuomotor skills assessed during the MMls
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Data Analysis

The result of the factor analysis from the previous study for the MMI stations
revealed two factors that explained the underlying structure of the MMIs (which
were the soft skills and the visuomotor skills). The first factor which represented
the soft skills had six stations associated with it (presentation, memory, ethics,
interpretation and insight). The second factor which represented the visuomotor
skills had four stations associated with it (origami, simulator performance -
Simodont, CKAT, and Tangram). For statistical analysis, a “soft skills” score and
a “visuomotor score” was calculated for each student based on the loading

strength of each station to the factor.

A correlation matrix with Pearson’s correlation coefficient was computed
to assess the relationship between the dental student performance in the MMI
on visuomotor and soft skills and module performances across the dental
training programme (from Year 1 up to year 4) and specifically in the selected

motor and soft skills task performance measures.

Given the focus of this chapter, the analysis and reporting will focus only
on relationships between the MMIs and our extracted performance measures.
For completeness, all intra year (and intra-module/assessment) correlations are
presented on the heatmaps. The heat map introduced in the result section will
show the degree of correlation of the MMI station score (soft skills/visuomotor
score) to the modules/task performance. The task performance will include soft
skills and motor skills tasks. A significant correlation will be marked in orange
while a no significant correlation will be marked white. All data were analysed

using R version 3.3.1.
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6.3 Results

6.3.1 MMI soft skills stations and module performance

A Pearson’s correlation coefficient was computed to assess the relationship
between the MMI soft skills stations and module performance. A significant
positive correlation was found between the MMI soft skills stations and 12
modules across the four-year dental programme. This indicates that as the
students’ performance in the MMI soft skills stations increased, performances in
the modules also increased. Those modules included: Oral disease (r =.35,
p=.039, df=51), Oral environment (r = .30, p=.031, df = 51) and Clinical Practice
(r=.20, p =.039, df = 51) from year 1. From year 2, Clinical Skills A (r = .22, p =
.029, df = 51), Social sciences (r = .45, p <.001 df=51) and Biomedical Sciences
(r=.35, p =.021, df = 51). From year 3, Professional Development (r = .28, p =
.018, df = 51), Clinical Practice (r =.62, p < .001, df = 51) and Clinical Skills B (r
=.28, p =.011, df = 51). From year 4, Clinical Practice (r = .51, p <.001, df =
51), Complex Adult Dentistry (r = .42, p = .001, df = 51) and Child-Centred

Dentistry 2 (r = .30, p = .007, df = 51) see Figure 6-3 below.
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6.3.2 MMI Soft Skills Stations and Selected Soft Skills Tasks

There was a significant positive correlation between the MMI soft skills stations
and OSCE year 3 (r = .57, p =.028, df =52) and OSCE year 4 (r =.52, p = .050,
df =52). However, no correlation was found between MMI soft skills stations and
Group presentations year 1, Poster presentation year 2, presentation year 3

and presentation year 4 Figure 6-4.

From the MMI soft skills stations, the stations that had a significant
positive correlation with OSCE year 3 scores were the Communication station (r
=.48, p <.001, df =52), the Interpretation station (r = .49, p = .002 df = 52) and
the presentation station (r = .36, p = .005, df = 52). The Year 4 OSCE scores
had a significant positive correlation to the Insight station (r = .48, p =.003, df =
52) and the Communication station (r =.48, p < .001, df = 52) and interpretation
station (r = .40, p = .008, df = 52; see Figure 6-5). There was also a significant
correlation between the Communication station and Ethics (r= .31, p =.030, df

= 52) and Memory scores (r=.39, p =.016, df = 52).

Details of the MMI soft skills stations and the soft skills tasks correlation
are reported next. There was no statistically significant correlation between
students’ performance at the MMI soft skills stations and the group work
presentation in Year 1 (r = -.09, p = .341, df = 52). There was also no
statistically significant correlation between students’ performance at the MMI
soft skills stations and poster presentation scores in Year 2 (r = .00, p =.789, df
= 52). Similarly, there was no statistically significant correlation between
students’ performance at the MMI soft skills stations and the presentation year 3
(r=-.11, p =.239, df = 52). Nor was there a statistically significant correlation
between students’ performance at the MMI soft skills stations and poster

presentation scores in year 4 (r = .05, p = .607, df = 52).
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We did however, observe a significant positive correlation between
students’ performance at the MMI soft skills station and the OSCE year 3 (r =

.57, p =.028, df =52) and OSCE scores in year 4 (r = .52, p =.050, df = 52).
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6.3.3 MMI visuomotor stations and module performance

Unlike the soft skills stations the MMI visuomotor stations only correlated with
one module across the dental module programme, with a significant positive
correlation between the MMI visuomotor stations and the health promotion

Module in Year 1 (r = .33, df =51, p =.012) see Figure 6-6
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6.3.4 MMI visuomotor stations and selected motor tasks

A correlation analysis between the MMI visuomotor stations and the selected
motor tasks were performed. The motor tasks included Simodont induction from
year 1, Spotter test from year 2, Pre-clinical crown test from year 3, Spotter test

from year 4, Clinical crown test year 4.

No significant correlation was found between students’ performance in
the MMI visuomotor stations and these five motor tasks. However, a significant
positive correlation was found between the Spotter test from year 2 and the
Spotter test from year 4 (r =.32, p =.005, df = 45) indicating that as the students’
performance increased on Spotter test year 2 it also increased in Spotter test
year 4. Similarly, the Clinical crown test from year 4 had a significant correlation
with Pre-clinical crown test from year 3 (r = .19, p =.023, df = 45) and spotter

test year 4 (r = .28, p = .037, df = 45), see Figure 6-7.

Of the MMI visuomotor stations, although none of the visuomotor stations
had a significant correlation with the motor tasks, the Simodont station and the
Origami station had positive correlations compared to the Tangram station and
CKAT station see Figure 6-8. Details of the MMI visuomotor stations and motor

tasks correlation are reported next.

There was no significant correlation between the students’ performance
in the MMI visuomotor stations and the Simodont induction data year 1 (r = .15,
p =.972, df = 45). There was also no significant correlation between students’
performance in the MMI visuomotor stations and Spotter test year 2 (r = .02, p =
.549, df = 45). Similarly, we found no relationship between students’

performance in the MMI visuomotor stations and Pre-clinical crown test year 3 (r
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=-.06, p =.700, df = 45) or the Spotter test in Year 4 (r = .23, p =.208, df = 45)

or the Clinical crown testin Year 4 (r = .08, p = .484, df = 45).
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6.4 Discussion

Today, MMIs are seen as a reliable and reputable admission tool to assess
non-cognitive attributes in the medical field (Knorr & Hissbach, 2014) and are
increasingly used for dentistry (Dowell et al., 2012; McAndrew & Ellis, 2012).
However, there have only been a few studies reporting the validity of this
assessment approach for predicting subsequent academic success and these
studies have generated mixed results. For example while some studies have
showed positive finding between the MMI scores and examination scores
(Alaki, Shinawi, et al., 2016; Alaki, Yamany, et al., 2016; Foley & Hijazi, 2013),
others have reported no correlation between examination scores and MMI
performance (McAndrew, Ellis and Valentine, 2017). These previous
approaches have also only focussed on general academic performance
measures (e.g. overall module or semester grade). Here, we set out to perform
a detailed examination between performance on the MMIs and specific, as well
as general, performance across the undergraduate dental training programme
at the University of Leeds. We specifically focussed on the relationship between
visuomotor and soft skills, as assessed in the MMI and mapped this to relevant

assessments across the course.

The results showed that the MMI soft skills scores correlated with some
of the dental modules but, in contrast, the MMI visuomotor scores correlated to
only one dental module. Similarly, the MMI soft skills scores correlated with
some of the soft skills tasks, but the MMI visuomotor skills scores did not

correlate to any of the motor specific tasks in the dental modules.

Surprisingly, the MMI soft skills scores (Memory, Ethics, Presentation,
Insight, Communication and Interpretations station scores) were able to predict

12 out of 24 assessment modules. The modules predicted included 3 modules
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out of 6 modules from year 1 (Oral Environment, Oral Disease and Clinical
practice 1), 3 modules out of 5 modules from year 2 (Social Sciences,
Biomedical Science and Clinical skills A), 3 modules out of 6 modules from year
3 (Professional and Development 3, Clinical skills B and Clinical Practice 3) and
3 modules out of 6 modules from year 4 (Adult Dentistry, Child Dentistry and
Clinical Practice 4). This is a highly promising result - showing how
assessments at MMI map on to relevant training across the dental training
programme. Similar positive findings have been reported between MMI scores
and academic examination scores, however, these studies included GPA
performance score up to year 1 (Alaki, Shinawi, et al., 2016; Foley & Hijazi,

2013) or year 2 only (Alaki, Yamany, et al., 2016).

In our secondary analysis, exploring the relationship with selected soft
skill tasks from across the dental programme (i.e. Group work presentation year
1, Poster presentation year 2, Presentation year 3, OSCE year 3, Presentation
year 4 and OSCE year 4) we found that the MMI soft skills scores correlated
with 2 the OSCE in year 3 (which had a significant correlation with the
communication, presentation and the interpretation station) and the OSCE year
4 (which had a significant correlation with the insight, interpretation and the
communication station). Notable is the overlap between the communication and
the interpretation stations and OSCE performances in year 3 and 4. This
observed relationship between soft skills stations and OSCE performance could
be driven by the presence of core skills that are needed by the dental students
in order to perform well in the OSCE which, in part, requires students to
communicate with patients effectively, showing empathy and sympathy and
engaging with the patient (ADEA House of Delegates, 2011; Cowpe et al.,

2010). This pattern of results is in alignment with one study where MMI stations,



137
in particular the stations which assessed critical thinking, professionalism,
presentation and communication skills were able to predict academic

achievements and specifically performance-based subjects (Lee et al., 2016).

In contrast to the soft skills results, the MMI visuomotor scores (CKAT,
Tanagram, Simodont and Origami) correlated with only one module score- the
Year 1 health promotion module. There was no a prior expectation for this
mapping, and we must note that given the number of correlation tests
performed here, this result may have occurred just by chance and could be
treated as a false positive. With this caveat, it is worth noting that part of this
course includes cardiopulmonary resuscitation, which requires a degree of
motor performance along with clinical reasoning which is required in performing
a dental procedure and thus some of the variance in this score may be captured

by the visuomotor score from the MMI.

While our focus was on MMI scores, we also noted a significant
correlation between clinical and the pre-clinical crown tests. This finding is
consistent with Velaya et al (Velayo, Stark, Eisen, & Kugel, 2014) who reported
that preclinical training on phantom head with mounted plastic teeth is
associated with subsequent clinical performance. In contrast, reports from other
studies have shown no correlation between preclinical training on typodont and
subsequent clinical performance (Curtis, Lind, Brear, & Finzen, 2007; Nunez,

Taleghani, Wathen, & Abdellatif, 2012).

We also found a significant correlation between the spotter tests in Years
3 and 4, suggesting that the two tests are capturing the same underlying traits.
Importantly, these two tests differ from the other motor tasks in the fact that

these spotter tests are designed to assess the cognitive ability of students to
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identify critical preparation and restoration errors rather than their fine motor

skills per se.

Unlike the CKAT and Tangram, which showed no correlation with the
motor tasks, the Simodont and Origami showed weak positive correlations.
These particular findings are contrary to previous work reporting a positive
association between student performance on haptic simulators assessment and
preclinical (A. Urbankova, 2010; Alice Urbankova et al., 2013; Alice Urbankova

& Engebretson, 2011) and clinical performance (L. M. Al-Saud et al., 2019).

However, these differences in the results could be due to the fact that in
this study (in contrast to those showing positive findings), the MMI candidates
were informed that performance on the Simodont (and indeed, the KAT) would
not contribute to their assessment and thus may have impacted on student

motivation and performance.

Several authors have proposed that manual dexterity tests are valuable
tools in predicting individuals pre-clinical performance (Kothe et al., 2013, 2014;
A. Urbankova, 2010; Alice Urbankova et al., 2013; Alice Urbankova &
Engebretson, 2011) and a correlation between manual dexterity station and
year 1 performance was recently reported (Foley & Hijazi, 2013). However,
there is also conflicting evidence showing manual dexterity tests to be poor
predictors of pre-clinical performance (Gansky et al., 2004; Giuliani et al., 2007;
Luck et al., 2000; Lundergan et al., 2007; Oudshoorn, 2003; Waldman et al.,

1995).

The surgical training literature more broadly has grappled with a similar
topic in examining the correlation between surgical performance and manual

dexterity test scores (Gansky et al., 2004; Giuliani et al., 2007; Luck et al., 2000;
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Maan et al., 2012). These studies have highighted that there are a number of
factors that can influence performance and manual dexterity such as motivation,
individuals’ judgement and the training received (Kirby, 1979). In light of these
mixed findings, others have stressed the use of manual dexterity tests as tools
in monitoring and assessing improvement or detriment in one’s manual dexterity
over a prolonged period of time (de Andrés et al., 2004; Luck et al., 2000).
Given our previous findings (showing a stability in measurement from the KAT),

this seems like a useful avenue to explore.

Based on these results, we propose that admissions committees
continue to regularly review data obtained from the admissions process to help
develop and refine MMIs so that they more closely map on to the demands of
undergraduate dentistry. In addition, the various stations and domains that
were assessed by the selection process may need to be weighted and where
indicated give greater credence to those stations that appear to better predict
the module performance. This will help in redeveloping and reassessing these
stations and at the same time give us a better understanding of the desirable
attributes of the dental profession needed at entry level. In future work, it would
be useful to include more data and different cohort to improve the external
validity of the study and avoid selection bias. Given the exploratory nature of
this study, examining correlations presented a useful starting point for this topic.
Longer term, where correlations exist, it would be useful to disentangle
relationships in more detail. The analysis was constrained by measures that
were made available by the dentistry education team and the ethics approval
applied only to a specific cohort. Future work with appropriate permissions
would allow us to examine the generalisabilty of these results to other cohorts

and larger samples.
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6.5 Conclusion
The current study suggests that there is an association between admission
performance at the MMI soft skills stations and subsequent module
performance while the MMI visuomotor stations did not predict module

performance.
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Chapter 7 Discussion

7.1 Overview

The overarching goal of this thesis was to systematically examine the value of
early assessment of skills on predicting subsequent dental performance,
including the development of sensorimotor skills and academic performance.
Particular emphasis was placed on a Virtual Reality haptic simulator, known as
the Simodont, which had recently been implemented in the School of Dentistry
at the University of Leeds at the start of this thesis, thus providing a unique

opportunity to investigate its utility.

Throughout the thesis, the aim was to ask whether current practices
allow us to predict real-world performance in dental students and whether
existing admissions tools are adequate for undergraduate dental student
selection. These issues were addressed through a series of cross-sectional
studies and one longitudinal experiment. These questions can be parsed into
three themes: (i) the validity of the virtual reality simulator; (ii) the reliability and
validity early assessment of motor and academic aptitude; and finally, (iii) the
role of simulation in dental education. A discussion of these themes, informed

by the empirical data reported in the preceding chapters, is presented next.

7.2 Using Virtual Reality Simulators in Dental Education

VR simulators are thought to provide a virtual environment in which students
can learn dentistry-specific motor patterns for surgery since they facilitate
deliberate practice in a controlled environment. Whilst this system has the
potential for changing the way in which practical dental teaching is delivered, a
key step prior to full adoption in the curriculum is an analysis of the validity of

this tool.
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Early on this, we investigated the construct validity of the ‘Simodont’
during the induction of this system at the University of Leeds. Since no students
had used this system before, there was a unique opportunity to investigate
whether the system was able to discriminate between differing levels of surgical
experience (i.e. difference across years of study) whilst controlling for

experience on the simulator.

The results of this study showed that the Simodont is able to discriminate
between novice and experienced students, with performance increasingly
linearly as real-world dental experience increased. We also noted a speed-
accuracy trade-off in performance, which resembled a U-shaped curve: Year 3

students took longer to complete the task relative to the other years.

These results align well with the literature on motor skill acquisition
(Diedrichsen & Kornysheva, 2015). Our results show that at the beginning of
dental education, students tend to take less time to perform the task but are
less accurate. As they start to practise, they sacrifice time for accuracy,
displaying a speed accuracy trade-off (hallmark of motor skill learning), which is
reflective of the first phase of learning. This is followed by the ‘middle phase’ of
learning where the time to perform the task decreases and accuracy increases,
as more experience is gained. This work demonstrates how the use of
simulation can provide insights into the processes underlying dental skill

acquisition.
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7.3 Early Motor and Academic Aptitude Assessment
Given the time and cost associated with dental training, the development of
valid and reliable assessments of individuals who have the potential to
successfully practice dentistry is imperative. In this thesis, we probed the issue

of early assessment in three different ways.

First, we asked what traits were being measured in the multi-mini
interviews used to select prospective undergraduate students at the University
of Leeds. We found that surprisingly, despite 10 different assessment
approaches, most of the variance in performance could be attributed to two
underlying factors. The first related to six stations (presentation, memory,
ethics, interpretation, and insight) and reflected the ability to communicate (with
the ability to show empathy), analyse and interpret data, describe, show ethical
awareness and reasoning and provide personal insight. Thus, factor 1 was
labelled as “soft skill”. The second factor appeared to represent sensorimotor
skills as four stations (Origami, ‘Simodont’, the Kinematic Assessment Tool
(KAT) and the tangram assessment) loaded most highly on it. All four stations
related to manual dexterity performance with the ability to follow complexed

instructions, and thus, this second factor was labelled as “sensorimotor” skills.

Given that dental education requires more than soft and sensorimotor
skills, dental educators should consider the design of their MMI stations so that
they more readily map on to or assess different domains essential for potential
dental students e.g. such as required for graduating dentist approved by the
Association for Dental Education in Europe (ADEE) or the American Dental

Education Association (ADEA).

Second, Chapter 5 investigated whether a particular measure of motor

performance (the Kinematic Assessment tool) could be used to provide reliable
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measures of dental students’ motor abilities. Interestingly, the findings showed
no change in dental students’ motor performance over time. However, there
was a significant moderate positive correlation between the KAT scores at the
interview process and in year 5, indicating strong test-retest reliability of the
measure. Thus, there may be potential to use such a tool to assess motor skill

abilities with respect to a student’s suitability for a dental programme.

Finally, Chapter 6 investigated the predictive ability of the soft skills and
visuomotor skills examined during the MMIs in predicting academic
performance (both global performance and performance on specific soft skills
and visuomotor tasks assessed over the course of the dental programme).
These results demonstrated that the MMI assessments related to soft skills
correlated with several modules and thus may be useful indicators of
undergraduate performance. In contrast, the visuomotor skills had little
correlation. Given this lack of relationship (and the clear relationship between
motor skills and safe dental practice), we need to reconsider the approaches
used to assess motor aptitude at the earliest stages of training (and perhaps
beforehand). We propose that it is particularly important to ensure that the
assessments are relevant and specific to the demands of dentistry. The positive
transfer theory in psychology suggests that improvements in one motor task can
lead to improvement in another related task (Lugassy et al., 2018), but the
growing consensus in motor learning literature is that in order for performance
transfer, the two performances should be as similar as possible (Braun,
Mehring, & Wolpert, 2010; Wolpert et al., 2011) and thus, a challenge for the
dental education field is to identify what core characteristics need to be
assessed to develop the necessary tools for predicting subsequent dental

performance.
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7.4 The role of simulation in dental education
With an increasing global focus on patient safety, medical errors and changes in
health care delivery, the role of simulation in dental education has gained
substantial interest in recent years. We examined the state-of-art in dental
education through an international workshop as reported in Appendix C. The
result of the workshop was a consensus report that detailed the role of
simulation in developing skilled dentists. It is clear from this work that there is
great potential in VR simulation technology and that a great degree of potential

is already being realised by educators from across the globe.

7.5 Summary

In closing, this thesis has examined topics of central importance to dental
education- whether we can usefully predict academic and sensorimotor
performance in dental students through early stage assessment. There was a
particularly strong focus on the use of VR haptic simulation and objective
measures of sensorimotor control — both relatively novel areas of investigation
in this field and the findings from this thesis suggest there is potential for
exploring their utility in further detail. The value of VR-based simulation is likely
to be much broader than prediction alone and holds promise in transforming the
way dental students are educated. It is with this perspective that this thesis
culminated in contributing towards an international consensus on the current
state of the art on simulation in dental education and it is with excitement that
we look forwards to seeing the development of these areas over the coming

years.
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7.6 Limitations

There are some limitations of the current thesis that must be acknowledged:

1.

In chapter 3, year 2 data were not available as a result of technical issue
that resulted in the data not being stored or saved in the server. Thus,
year 2 data was not included in the analysis which resulted in inability to

capture their performances and compare with other year groups.

. In the MMIs the interviewees were informed beforehand that the

‘Simodont’ and the KAT stations scores were not included in the MMI
scores and therefore did not contribute to the total MMI score. As a result
of that, this may have affected the incentives of the interviewees and
thus their motivation may have been different especially to the students

who their MMIs ended with the digital stations (‘Simodont’ and KAT).

In Chapter 5 there were difficulty in recruiting dental students, this could
possibly due to their busy timetables as well as students being in
placements which requires them to be outside the dental school and also
preparing for their final fifth year examinations. The aim was to recruit at
least more than half of the cohort but unfortunately, we were only able to
recruit 30 students only. This problem lead to a compromise in the
statistical power which could have affected the results of the study by
showing no change in performance of the dental students at year 0 and

year 5.
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7.7 Recommendation/considerations for future work
Based on the findings from this thesis, the following consideration would be

beneficial:

1. Restructuring the design of the MMI stations so that it maps or assesses
different domains essential for potential dental students based on
published papers. Documents that presented the competencies required
for graduating dentist approved by the Association for Dental Education
in Europe (ADEE) or the American Dental Education Association (ADEA)
might be useful although it is mainly for the new general dentist (ADEA

House of Delegates, 2011; Cowpe et al., 2010).

2. Using the MMI stations which were able to correlate mostly to the
curriculum module and excluding the ones that did not or assessed a skill
which was not related or considered essential for a potential dental
student. Redesigning new stations that assess new domains (such as

problem-solving skills) which were previously not assessed in the MMIs.

3. All MMI stations should be counted stations towards the MMI score as
this will ensure that the students have attempted their best in each

individual station.

4. When selecting the manual dexterity tool/test it is important to ensure
that they are relevant and specific to the demands of dentistry. The
positive transfer theory suggests that improvement in one motor task
leads to improvement in another task (Lugassy et al., 2018), however,
others believes that in order for the transfer to actually occur the two

performances should be as similar as possible meaning that the transfer
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relies on identical elements between two performances (Braun et al.,

2010; Wolpert et al., 2011).

5. Investigating the manual dexterity tool/test in several aspects as a
predictive tool, assessment tool as well as a motor monitoring tool.
Although predictive ability will provide information regarding the dental
students whom are more likely to excel in dentistry but its usefulness as
an assessment tool and as a motor monitoring tool is very beneficial as
this will help in providing a beforehand support to the dental students
along their dental course. Thus, ensuring students are having a smoother
learning journey and this will benefit the dental students as well as the

tutors.

It is also recommended when investigating manual dexterity tool/test for
motor improvement over time, this assessment need to take place at two
different stages, after completion of preclinical training and clinical training. In

order to have a complete understanding of their potential roles.

6. Exploration of the effect of deliberate practise on fine motor skills
acquisition (K Anders Ericsson, 2004) . Deliberate practise is a training
framework that has nine features that it relies on to achieve medical
educational goals, of which are focused and repetitive practise that leads
to a rigorous assessment that yield feedback from simulators or teachers
(McGaghie, Issenberg, Petrusa, & Scalese, 2010). The Simodont and
other virtual reality simulator offer a unique research opportunity in this

area.
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Appendices

Appendix A - Chapter 4 Assessment of Multiple Mini Interview

(MMI) selection process



A.1 Marking criteria for MMI’s stations

Station Question Scale used
Stationl The number of objects remembered by | Scale from 0 to 20.
Memory the candidate?

How accurately they described objects
1,2 and 3?

Ratings are on a sliding scale where
1=vague and 4=very accurately (vague/
basic/ some detail/ very accurately).

Confidence of the candidates while
performance.

Ratings are on sliding scale where
1=not at all confidently and 4=very
confident (not at all confidently/ slightly
hesitant/ confident/ very confident).

Global rating

How happy the examiner would accept
this candidate?

Ratings with 1=not happy at all and
4=very happy indeed (not happy at all/
quite unhappy/ happy/ very happy
indeed).

Station 2,5 and 7

Ethics, Insight and Interpretation

Candidate performance on the task

Rating with a scale of 1 to 4 with 1=very
poor and 4=excellent (very poor/
poor/ good/ excellent).

¢LT



Global rating Rating on a scale of 1 to 4 with 1=not
happy at all and 4=very happy indeed
(not happy at all/ quite unhappy/ happy/
very happy indeed).
Station 3 Preparation Rated with a scale of O to 2 with

Presentation

O=inadequate, 1= partially met criteria
and 2=performed fully, adequately and
completely.

The presentation structure contained

Rated with a scale of O to 2 with
O=inadequate, 1= partially met criteria
and 2=performed fully, adequately and
completely.

Content of the presentation

Rated with a scale of 0 to 2 with
O=inadequate, 1= partially met criteria
and 2=performed fully, adequately and
completely.

Communication

Rated with a scale of 0 to 2 with
O=inadequate, 1= partially met criteria
and 2=performed fully, adequately and
completely.

Understanding

Rated with a scale of O to 2 with
O=inadequate, 1= partially met criteria
and 2=performed fully, adequately and
completely.

€LT



Global rating

Rating on a scale of 1 to 4 with 1=not
happy at all and 4=very happy indeed
(not happy at all/ quite unhappy/ happy/
very happy indeed).

Station 4

Origami

Last correctly completed stage of the
paper shape

A scale of letters from A to S was
provided to the examiner and each
letter corresponded to a level or stage
of the task which was shown in a series
of pictures and which would be the
score they achieved for reaching that
stage

Global rating

Rating on a scale of 1 to 4 with 1=not
happy at all and 4=very happy indeed
(not happy at all/ quite unhappy/ happy/
very happy indeed).

Station 6

Communication

Candidate performance on the task

Rating is on a scale of 1 to 4 with
1=very poor and 4=excellent

(poor/ below average/ good/ excellent).

Global rating by examiner

Rating on a scale of 1 to 4 with 1=not
happy at all and 4=very happy indeed

1ZA)



Global rating by an actor

Rating on a scale of 1 to 5 with

1=strongly disagree and 5=strongly
agree (strongly disagree/ disagree/
ambivalent/ agree/ strongly agree).

Station 8

Tangram

Initial letter of shape attempted with

R=Rabbit, B=Boat, H=House, M=Mr
Bean, G=Goose, V=Vulture, S=Shark
and A=Archway.

Completion of shape

Rating on a scale of 1 to 4 using the
marking criteria where 1 is incomplete
and 4 is complete and accurate
(incomplete/ major errors/ minor errors/
accurate).

Objective observers rating

Rating on a scale of 1 to 4 where
1=poor and 4=excellent (poor/ below
average/ good/ excellent).

Global rating by an observer

Rating on a scale of 1 to 4 with 1=not
happy at all and 4=very happy indeed

G.T



(not happy at all/ quite unhappy/ happy/
very happy indeed).

Student examiners ratings

Rating on a scale of 1 to 4 where
1=poor and 4=excellent (poor/ below
average/ good/ excellent).

Global rating by student examiners

Ratings on how happy the examiner
would accept this candidate on a scale
of 1 to 4 with 1=not happy at all and
4=very happy indeed (not happy at all/
quite unhappy/ happy/ very happy
indeed).

For station 1, 2, 3,4, 5, 6, 7 and 8 a composite score has been calculated.

Station 9 and 10
CKAT and Simodont

Performance on the task

Percentage score.

For station 9 a composite score has been calculated, however, for the station 10, two parameters contributed to the
calculation of a composite measure to take into account overall performance: target and error scores (target score-

9.1



[(sum of leeway’s/2) + (sum of containers*20)]). The target and error scores (sum of leeway, leeway bottom, leeway
side, container bottom and container side) were all measured in percentages.

LT
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Appendix B - Chapter 6 MMIs as a predictor of undergraduate

dental performance

B.1 Information Booklet

What makes a good dentist?
...and how you can help us find the answer.
student information pack
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Introduction

We are contacting you because researchers at the School of Dentistry, in
collaboration with psychologists and engineers, are about to start an exciting
new research project. The project sets out to understand the fundamental,
operative skills necessary for safe and effective dentistry and aims to shed light
on the core characteristics necessary to be a good dentist. In this information
pack we provide you with an introduction to the project, how you can help us,
and the implications of this work on you and your peers. As you are aware, the
dental training process can be long and costly, thus being able to identify
individuals with necessary aptitude for the profession is essential for both
trainee and training institutions alike. Over the past two decades, a number of
studies have been conducted to see whether it is possible to predict future
dental performance and ability. A Level Grades, aptitude tests, interviews and
manual dexterity tests have all been studied in order to predict performance of
the students' future success. Al- though these approaches have been
interesting, the results have been inconclusive. We aim to address this gap in
our knowledge by embarking on an ambitious project that uses state-of-the-art
research tools and powerful statistical analysis techniques to understand the
underlying relationships between these kinds of tests and actual, real world
dental performance. In order for us to achieve this ambitious goal (there are
many different ways to be a "good" dentist!) we need to use a lot of the data
that are already being collected at the School of Dentistry as part of your
studies.
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Objective

The aim of our study is to examine if the tests you did at the Multi Mini
Interviews have any ability to predict dental surgery ability by tracking clinical,
lab and examination performance over the course of the dentistry degree.

The MMIs

The Multi Mini Interviews (MMIs) -- the tests you did before receiving an offer
from us for a place on the degree programme-- are a relatively new interview
format that use short independent assessments, typically in a timed circuit. It is
used to assess non cognitive qualities such as cultural sensitivity, maturity,
teamwork, empathy and reliability. It provides admissions teams with
comprehensive information about the suitability of candidates. MMlIs are thought
to be better predictors of academic performance than a traditional interview
format. For the School of Dentistry, MMlIs provide a unique opportunity to
assess candidates on different skills necessary for the practice of dentistry;
skills that cannot easily be assessed in an interview or an application form. We
are interested in investigating the predictive relationship between performance
on the MMI under- graduate selection process and surgical ability in
undergraduate dental students.
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The Study
This study is a longitudinal study which can be divided into three parts:

1- Data from MMls
2- Tracking
3- Outcome

Data from MMlIs

Each station assesses an essential skill required for being a dentist. Below are
the skills that have been tested:-

Motor skills

Ethical awareness and reasoning
Communication skills

Analytical and data interpretation skills
Observation and memory skills

Ability to follow instructions

Empathy skills

Insight into issues

We will look into each station and what skill it meant to assess and obtain the
score for the specific station. Scores for all the stations will be collected and
analysed.

Tracking

This is the second part of the study, we will be tracking your clinical lab and
examination performance over the duration of your study. Below is a list
outlining the data that we will be tracking for each year:

Year Tracking Data

Yearl Induction on Simodont
Year2 CSA results

Year 3 CSB results

Yeard Crown test and OSCE
Year 5 Overall performance
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Outcome

This is the third and the most important part of the study. In this part, data from
the first part will be used in conjunction with the second part of the study and
here the data will be analysed to explore the predictive value of MMI on
subsequent performance in the dentistry programme.



Potential outcomes from this research

Our main aim is to understand the factors that contribute to making a good
dentist. More specifically, we will be able to assess and evaluate the MMIs as a
measuring tool for the selection process of undergraduate dental students at the
University of Leeds School of Dentistry. It will provide the School with valuable
evaluation of their MMIs and ways of improving them. It will help us explore and
discover new prediction tools for dental performance, thus enabling the School
of Dentistry to select candidates with the necessary aptitudes, who will be able
to excel in their studies and the profession. It allow us to identify individuals who
are likely to need extra support at an early stage. It will help in decreasing the
number of dropouts, thus, saving cost and time for the student and the
institution.
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What do | need to do?

You do not need to do anything right now. The data will be automatically
collected and before we are able to analyse it, it will be anonymised. Every
participant will be allocated a unique six digit study number. If you do not wish
to take part in this study you can chose to withdraw. Your data will be withdrawn
with- out needing to give any reason and this will have no consequences to your
academic studies in any way.

Frequently asked Questions
Can | withdraw?

Yes, of course. You can withdraw from the study at any time without needing to
give a reason and this will have no consequences on your academic studies.
Withdrawal is also very easy: you do not need to contact a member of staff, you
can simply use the following link, enter your student ID and your data will be
removed from any further analysis: https://leeds.onlinesurveys.ac.uk/prediction-
consent

What affect will withdrawal have on me?

Withdrawal will have absolutely no consequences on your academic studies in
anyway.
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B.2 Details of assessment modules (Year 1to Year 4)

B.2.1 Table 1 Year 1 MChD /BChD Assessment

Credits | Modules Assessments Length % of
module
20 Dental Treatment Report 600 30%
Personal & Professional words
Development 1 Assignment on Memory and Learning 800 40%
words
Group work and presentation 30%
20 Health Promotion Individual project report 1500 50%
words
Written exam 1 hour 50%
20 Spotter 1 hour 10%
Introduction to the Oral . 5
Environment Written exam 1 hour 90%
30 Written Exam 25 100%
. h
Oral Disease, Defence & ours
Repair 1
20 Written exam 1 hour 70%
Anxiety & Pain Management | Spotter 1 hour 30%
10 Scenario written exam 1hr 100%

Clinical Practice 1
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B.2.2 Table 2 Year 2 MChD /BChD Assessment

Credits | Modules Assessments Length % of
module
60 Practical Spotter test 2 hrs 50%
Clinical Skills A Written exam 2 hrs 50% N/C
10 Written exam 1.5hrs 100%
Social Sciences Related to
Dentistry
10 Written exam 2 hrs 100%

Intro to Biomedical Sciences

20 Contribution to poster n/a 60%
Personal & Professional presentation
Development 2 Essay 1000 40%
words
15 Scenario written exam 1hr 100%

Clinical Practice 2




188

B.2.3 Table 3 Year 3 MChD/BChD Assessment

Credits | Year 3 Assessments Length | % of
module
20 Written exam 2 hrs 100%
lliness & Wellbeing
20 Portfolio: Research strategy 10%
UG Projects & Medline search
Portfolio: CASP 20%
Portfolio: Annotated 20%
Bibliography
Written exam 1hr 50%
50 Crown test — MCC & FVC 50%
Clinical Skills B Exam 2 hrs 50%
10 Written exam 1hr 100%
Child Centred Dentistry 1
10 Presentations (all day) 40%
Personal & Professional Development 3
Written exam 1hr 60%
20 Case presentation report 20%
Clinical Practice 3
Scenario written exam 1hr 40%
OSCE 2 days | 40% N/C
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B.2.4 Table 4 Year 4 MChD/BChD Assessment

words

Credits | Year 4 Assessments Length % of
module
30 LDI Clinical Diary 40%
Clinical Medical Science 1 _
Written exam 1.5 hrs 60%
35 Spotter 1.5hrs 50%
Complex Adult Dentistry Exam 15 hrs 50%
10 Ortho exam 1hr 50%
Child Centred Dentistry Paeds exam 1hr 50%
10 Reflective assignment 1500 100%
. words
Personal & Professional
Development 4

40 Perio case presentation 10%
Clinical Practice 4 Scenario paper written 2 hrs 40%

exam
OSCE Parts 1 & 2 50%
20 Project Proposal 1500 20%

Final Year Project words

Supervisor's mark 10%
Final report 4000 70%
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Appendix C - Role of Simulation in Dental Education

C.1 Introduction

The overarching goal of dental institutions is to enhance teaching and learning
and ultimately produce dental professionals that are responsive to the rapidly
evolving external environment by delivering innovative, evidence-based
education of very high quality using leading edge technology within a challenging

supportive environment.

The digitisation of dental education is increasingly common. Digital
technologies including CAD/CAM, 3D printing, Digital radiography and Dental
Lasers have been around for a number of years and in the last few years, the use
of virtual and augmented reality and haptics have started to be adopted by many
schools, and evidence of their utility is increasing (Buchanan, 2001; Escobar-
Castillejos et al., 2016; Towers, Field, Stokes, Maddock, & Martin, 2019). Much
of the power of these technologies- particularly AR, VR and Haptics — lies in their
ability to create or support or speed up the delivery of simulation as part of the

pedagogical process.

Simulation is defined as a technique that aims to replace or amplify real
experiences with guided experiences that produce or replicate substantial
aspects of the real world in a fully interactive manner without going through the
real situation (Gaba, 2004). Simulation in dentistry has a lot of benefits it provides
the opportunity for students develop procedural skills and to practice safely before
performing with real patients. It also has the ability to standardize and replicate
procedures and to reduce consumable usage such as plastic teeth (S Perry,

Burrow, Leung, & Bridges, 2017).
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As a result, simulation is now a hot topic for dental schools across the
globe, but there is a lack of clarity for dental educators on best practices and
where the evidence may strongly advocate for one approach and where further
research is required. To this end, | applied to the ADEE, and received, a
scholarship which supported the hosting of a workshop at the University of Leeds.
For this workshop, with support from my supervision team, | invited dental
educators from across the world to attend and contribute their experiences and
perspectives on the strengths and limitations of simulation technology as it stands

today and share evidence-based practices.

The goal of this workshop was to use this meeting as a platform to develop
a European consensus on the state of the art of simulation technology as applied
to dental education. Delegates were asked to contribute to group discussions that
would identify the state-of-art in simulation across five topics including: (i) the role
of simulation in assessment of dental students; (ii) the pedagogy of holistic dental
skill education; (iii) student perceptuomotor learning and decision-making; (iv)
postgraduate and continuing education, and lastly (v) strategies for dental

education to take advantage of immersive technologies.

Notes from this workshop were subsequently turned into prose by the
delegates and | led the process of assimilating these into a coherent manuscript
format. | then distributed this text to the wider research community and sought
their input to ensure there were no gaps in our coverage. After consultation, | then

integrated comments and edited the report to ensure coherence.

Whilst the final consensus report has involved several collaborators from
across Europe and has developed extensively over the course of the 2 years
since the workshop (stages detailed in Error! Reference source not found.),

the text included in this chapter is the product of my coordination, assimilation
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and editing of collaborator comments prior to it being sent out for final approval

from my co-authors.
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Table C-1 Consensus report on simulation in dental education timeline

Stage

Timeline

ADEE Award to host workshop at Leeds

2" February 2017

Hosted ADEE Workshop on “The Future
of simulation in Dental Education” in Leeds

27" April 2018

Stage 1 - Working Groups to complete
section themes

234 May 2018

Stage 2 - Distribution of themes to wider
community

18" June 2018

Stage 3 - Integration and Coherence

6" July 2018

Stage 4 - Consensus Report Validation

11" January 2019

Stage 5 - Consensus Report Approval

To be confirmed

Stage 6 - Publication

Summer 2020
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C.2 An International Consensus Report on Simulation Based

Dental Education

In 1894, Oswald Fergus, with the help of one metal rod and two brass jaws,
presented the world’s first phantom head simulator to the dental community. His
remarks made clear that the time for simulation in dentistry had arrived, because
it was “rightly expected, that students should not be let loose to work their will on
their suffering fellow creatures without first having acquired a proper efficiency”
(Fugill, 2013; Suzanne Perry et al., 2015). 125 years later, simulation is now

ubiquitous in dental education.

It is clear that we have come a long way from brass jaws and metal rods,
but what evidence do we have for the efficacy of simulation? When and where
should it be implemented in the curriculum, and what does the future hold for
simulation in dental education? What is the evidence for improving patient safety,
through effects on human factors especially of the later technologies? How much
exposure to simulation is adequate? Simulation and it's revalidation? In April
2018, supported by the Association for Dental Education in Europe, thirty-one
dental educators from across the UK and Europe met at the University of Leeds,
England, to i) reflect on current best-practice in relation to dental education, ii)
describe the benefits and challenges that simulation brings and iii) in light of the
increasing prevalence of immersive technologies, discuss how dental education
can benefit from simulation especially with its upcoming new digital revolution.
Over the subsequent year, notes from the workshop discussions were shared
globally with the wider educational community. Contributions ranged from
healthcare specialists from disciplines with related challenges (surgeons
performing minimally invasive procedures), psychologists working on the

processes underlying learning, engineers pioneering the development of surgical
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technologies, and computer scientists working at the cutting edge of artificial
intelligence. Contentious issues were debated and documented and in sum, 33
individuals from which 8 European countries, contributed to documents that have

culminated in this consensus report.

In our workshop, five themes, identified by the organisers at the

University of Leeds, were discussed. These covered:
(i) Role of simulation in the assessment of dental students
(i) Pedagogy of holistic dental skill education
(i) Student perceptuomotor learning and decision-making
(iv) Postgraduate and continuing education

(v) Strategies for dental education to take advantage of immersive

technologies.

Within each theme, we considered the key issues and contemporaneous
approaches, including how simulation might help and how simulation might
hinder. These themes provide the structure for this report, detailing best
practices, limitations in the evidence base and outlining outstanding research
guestions. These sections are prefaced by a definition of simulation and the
report closes with recommendations for when and where simulation should be

applied today.
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C.2.1 Simulation: A brief primer

Simulation has been effectively utilised for education, assessment, and
maintenance of various skills across a diverse range of domains and has been
particularly crucial in professions that demand a high degree of precision and
safety — from the nuclear industry to health (Issenberg et al., 2005). The purpose
of simulation is generally agreed to be to replicate or amplify real experiences
using analogous tools or settings that imitate real world conditions, with the goal
of learning and training, in an immersive and interactive mode (Gaba 2004,

Littlewood 2011).

The earliest evidence of simulation efficacy in training came from
the performance improvement of pilots in aviation training (Helmreich, 1997),
which made flight simulation an integral part of the aviation industry to maintain
high safety standards (Levine et al. 2013; Allerton 2010; Littlewood 2011). In the
recent guidelines for Transforming and Scaling up Health Professionals'
Education and Training, the World Health Organization strongly recommend the
use of simulation methods with fidelity levels appropriate for various
training/education contexts in health profession education. The guidelines also
recommend several research activities to bridge the knowledge gaps in the use
of simulation methods such as the long-term impact on learner’s performance,

and the effect on patient outcomes (WHO 2014).

Recently, Cheng and colleagues published guidelines for the use of
simulation in health care research by creating extensions to the CONSORT
(Consolidated Standards of Reporting Trials statement for randomised trials) and
STROBE (Strengthening The Reporting of Observational studies in
Epidemiology) statements (Cheng et al. 2016). These guidelines aim to improve

the quality of reporting of simulation-based research (SBR) by describing all the
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key elements of a research study. It will mainly benefit authors submitting
manuscripts involving SBR, and assist editors and journal reviewers when
assessing the suitability of simulation-based studies for publications. This
comprehensive reporting will lead to advancement of the field of simulation in
healthcare with editors, reviewers and readers able to critically appraise strength
and weakness in an objective manner. The guidelines are necessary to guide
the research efforts into systematic, unbiased, scientifically sound approaches
for healthcare simulation research, which should provide a common language

that recognises the value of research findings beyond any contextual differences.

C.2.2 The role of simulation in the assessment of dental students

Our approach in the assessment of dental students should be holistic (realistic,
reliable and valid) in nature. Assessment of dental students is not only throughout
the dental course, assessment could even start as early as the entry level. How
many students struggle with their manual dexterity? How can simulation help in
assessing dental students to provide future support? These are all important

guestions that need to be answered.

Simulation training is playing a vital role in the assessment of dental
students. The state of art for a simulation tool to assess dental students is thought
to be a tool that can authentically reproduce a real-life situation, with real time
variability decision making and realistic consequences to enable meaningful self-
reflection and goal setting. It should support transferrable skills development, and
wider community of peer learning and connect with evidence-based research and
the ability to build a longitudinal record of tracking competence/transition
development. Having said that, the technical approach via haptics and simulation
training should not neglect patient consideration in this learning process as it is

easy for a student to forget that there is a patient involved when using these
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technical approaches. The role of simulation in assessment of dental students is

thought to have advantages and limitations as described in the table below.

Table C-2 Advantages and limitations of simulation in assessment of dental students

Advantages

Limitations

Stimulates their personal
learning — novelty and
attraction for learning.

Ability for further repetition to
improve training.

Deliberate practice.
Enormous capacity to further
training.

Able to audit data.
Transferable skills.
Authenticity e.g. reproducing
caries.

Development of muscle
memory / techniques.

Allows training with low
volume procedures and
translational skills e.g. molar
endo.

Self directed learning- this
includes student

empowerment of learning

Not complete simulation - 'safe
environment' inability to feel
e.g. soft tissues.

Diagnostic development e.g.
occlusal patterns and caries.
Authenticity e.g. no fulcrum or
adequate finger rest.
Feedback from the procedure
— is it too sensitive /
educational aspect of to other
simulation training which may
lead the student to focus on
improving other aspects.

Not an immersive experience
yet (not complete reductionist
as it only focuses on a single
task compared to real world
situation of multiple skills in
apparel such as working with a

nurse etc reality).
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process especially with digital
feedback systems and also
learning to self access.

e Evidence based / research-
based simulation.

e Allows pear to peer review
and comparison with objective
feedback.

e Ensures objective assessment
of tasks.

e Motivational- scoring
objectively can lead to more
motivation “gamification”
however, focusing on one
score can miss the purpose of
learning and lead to

maladjusted behaviours.

Currently there is active debate regarding simulation approaches used in
the assessment of dental students. Assessment at the entry level is gaining
interest and a recent study showed the potential of haptic virtual reality simulator
by stratifying different levels of dental students performance across year groups
(Mirghani et al. 2018), however, assessment throughout the dental training is
thought to still need further development and should relate to multi-source
evaluation as opposed to single spot tests. Further discussion around the scope,

meaning, interpretation, and educational impact of simulation and assessment is
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also required. Development should benefit the evidence base and student
perspective, and iterative development could be supported through potential
feedback to staff and students to support learning and vice versa. Moreover, the
skills could be maintained and re-visited if there isn’t regular opportunities for real

world practice.

Simulation is thought to have good potential in assessing dental
students if the following is considered: first, focus needs to be on the learning
process to support transition from novice through expert and support
approaches that show skills translation from simulation to real patient care and
on-going practice to support the latter. Second, personal development: (self-
efficacy, resilience, reflection and goal setting). Third, skills development since
simulation assessment can be very structured and objective: (practical,
technical, non-passive decision-making process, transferability). Fourth,
professional and inter-professional development. Finally, support research
integrated educational and clinical approaches (Integrated clinical cases that
follow the full patient journey). However, its ability in assessing dental students
could hinder the following: lack of authenticity, — make authentic, based on
research not opinion, false sense of skills & knowledge level, learning in
isolation of real complexity and feedback, may drive wrong focus due to lack of
mentoring and attention to numbers as well as focusing on parts of skills, rather
than outcome of treatment, and this could lead to trivialisation of assessment
e.g. aiming for technical perfection rather than skills adaptation to changing
circumstances. This could be due to the lack of understanding of true impact,
cost, profit pressures, company conflict of interest (in terms of tool capability or
complexity), reproducing real-world complexity, interpretation of findings to

produce meaningful change — variable stakeholder acceptance. Moreover,



201
there is a risk of there being the wrong. Overall, haptic simulation is likely to be
of positive impact but further development would benefit the evidence-base and

student perspective as well.

C.2.3 The Pedagogy of holistic dental skill education

With respect to pedagogy, it would be considered good practice to transfer the
teaching and learning techniques that are currently used to teach dental skills,
to the simulation environment. These include techniques that address the
imbalance between pre-clinical training and treating real patients. Haptics
provide a great potential in this area, however, it is still not a substitute to the
traditional simulators but a blended approach to teaching preclinical skills
training. These learning techniques should employ a skills-based portfolio that
centres around self-assessment reinforces a learner-centred curriculum
throughout and encourages more critical reflection and peer review, mediated
and recorded by a robust portfolio system. Self-assessment is a crucial skill for
any professional but the value of unguided student self-assessment alone has
been guestioned (Eva et al. 2004; Davis et al. 2006). In addition, the accuracy
of self-assessment may differ, as well as correlation between self-assessment
and peer- and teacher assessments. In order for feedback to be useful it has to
be clear and specific. The use of criteria is helpful but communication between
individuals is not always without flaws. Recent studies suggest that VR-tools for
teaching and assessment can provide more objective input and assist student
self-reflection in the learning process (Garrett et al. 2015). These techniques
should also develop ‘core’ clinical skills teaching and assessment in a much
more overt way (such as cross-infection control, communication, posture,
handwashing, medical emergencies, preparation of the clinical environment,

working as a team, reflective practice, etc) before entry onto the clinics, in order
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to gate-keep access to patients and also includes vertical integration of clinical
cases involving students across different stages. In term of technical
approaches, the state of art would be models made by intra oral scanners
importing into VR system, students can practice in VR before treating their
patient. Intra oral scanning of real patient cases and transfer to the skills
environment, either within VR or the wet lab, by 3-D printing also the use of 3D
printed typodont teeth both in terms of laminar structure, and/or root canal
anatomy. Haptic devices with 3-dof (dimensions of freedom) and 3D vision
(Eve et al. 2014) can also play a role with consideration to the concept of
‘deliberate practice’, which is purposeful and systematic rather than just

repetitive.

With the current teaching approaches there are some key points which
need to be addressed. We know that the wide variety of teaching, learning and
assessment practices, across Europe, both in relation to content and in relation
to style, represent one of the main obstacles in the standardisation and quality
assurance of dental education (Field et al. 2018). There are large discrepancies
across Europe in terms of what is taught and assessed, and little consensus on
recommended core texts and curricula at the clinical skills level. As an example
of this, the philosophical approach to caries removal varies significantly across

schools; How much caries do you remove?

From a clinical point of view, we are unsure about the cost-benefit equation
in relation to buying into technical systems or indeed simply purchasing advanced
typodont teeth. Little exists in the literature to show how students and staff receive
advanced teeth compared to more traditional simpler typodonts. Simulation is
now playing a major role in this aspect; however, the role of the tutor is debated

- does simulation reduce the need for the tutor or increase the need (whilst
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allowing more students to practice more often, across a greater range of
scenarios). One study investigated the effect of qualitatively different types of
pedagogical feedback (FB) on the training, transfer and retention of basic manual
dexterity dental skills using a virtual reality (VR) haptic dental simulator and found
that the acquisition and retention of basic dental motor skills in novice trainees is
best optimised through a combination of instructor and Visual Display VR-driven
feedback (Al-Saud et al. 2017). Another study found students to be very
welcoming towards a preparation validation tool but neither students nor teachers
found that the tool reduced the subjective need for verbal teacher feedback
(Kozarovska & Larsson 2018). This is in line with previous findings that students

want to be seen and heard by a teacher (Baroffio et al. 2007).

Moreover, as it is always agreed that the students should practice until
they reach a safe level to practice in patient but how much access students
should be given to simulation is debated - should students be allowed to
repeatedly practice the same exercise, or have a finite number of attempts, with
a permanent record of operative activity that can be scrutinised? (Beilock et al.
2004) How real do simulation systems need to be? There are many articles that
debate this topic from across a number of disciplines. See deliberate practice
above (Wages et al. 2004; Mori et al. 2012). Many lessons have already been
learned by the avionics industry in this respect, and there are many debates in
this literature pool about the value of simulation, VR and augmented reality (Salas

et al. 1998).

With regards to the role of simulation in the pedagogy in dental
education, simulation might help to bridge the gap between pre-clinical training
and treating real patients. Yet, this may be one of the important areas where

simulation needs further developing. Although haptics provides a great number
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of advantages already and have the potential to be developed even further, it still
is not, and may never fully become, a substitute for clinical skills training with real

life patients.

The introduction of simulation to teaching should ideally be a gradual
evolution, however many educators implement the use of simulation as a step
change. It should be clearly thought out how simulation is involved purposefully

within the intended learning cycle of the wider curriculum (Brownstein et al. 2015).

For an organisation, it is a big step to buy additional VR/haptics/simulation
after that the implementation will be gradual, in parallel with trusted technology.
As establishing and maintaining a simulation program may include staff training,

curriculum integration and habit breaking which is even more challenging,

Some argue that VR/haptics/simulation is useful because we can
standardise pathology or morphology and provide a consistent and uniform
experience for all (de Boer et al. 2015), a safe learning environment, improved
teaching resources, group learning - a shared resource / experience and self-
learning. Variations in interfaculty grading is another challenge where
VR/haptics/simulation may help in developing a consistent standard to which
students compare themselves. Calibration of faculty improves the quality of
teaching, grading and feedback. Software-based evaluation tools have been
found to assist faculty calibration and act as an objective grading tool (Field &
Vernazza 2013). On the other hand, simulation may have some limitations with
regards to teaching. Issues include the ‘uncanny valley’ — proximity to ‘reality’
might lead to unexpected outcomes (Mori et al. 2012) e.g. expectations that water
should be misting up the mirror, can cloud judgement when it doesn’t happen. Is
there tension between generality and bespoke (related to context e.g. dental

schools / medical schools budget? Size of school, nature of collaboration,
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upgrade cycle)? Considering the dental staff will they engage with this new
innovation? or find it challenging to traditional teaching practices. Other
technology related limitations may include 3D vision (motion sickness), infection

control issues — of technology and rapid aging of technology/computers.

C.2.4 Student perceptuomotor learning and decision-making

Patient safety is of utmost concern with a worldwide attention focusing on the
problem of medical errors and patient outcome. In recent years, a lot of emphasis
has been directed on the issue of whether students should be learning on
patients. There is an active debate on this point, there are external pressures on
organisations to reduce the number of "never events" and to prove that students
are safe at the point at when they enter the clinical environment. This is important
for all stakeholders (students, staff, universities, patients, healthcare providers,
regulators etc.). “Never first on a patient” is now the maxim in most countries, for
example, in the UK “it is no longer acceptable or appropriate, for students at any
level of training to practise new skills on patients, even if they have a patient’s

explicit consent” (Aggarwal & Darzi, 2006).

Simulation practice can be valuable tool in increasing patient safety,
as it can help with learning through protection and surgery rehearsals which
subsequently increases the skills of students (Fried et al.,, 2005; Kneebone,
2009). Previously with traditional simulation, there may not have been sufficient
evidence that students are prepared to begin to work safely on patients. At
present, this decision is made on the basis of competency type assessments,
and there is not yet a reliable way of tracking progress and development of clinical
skills. Some students develop more slowly than others and this could also be

accompanied with pressure from the curriculum to move forward to the next
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exercise whether all students have achieved a safe level to practice and
unfortunately this is not always evident from traditional simulation. These are
students who would benefit from immediate support rather than after a failed end
of course assessment. Simulation may allow identification of these students at an
earlier stage and initiate individualised education on surgical skills with students
advancing at different rate (Personalised learning). Indeed, students who do not
develop insufficiently can be redirected to other activities better suited to the skills
they do have. Historically, there would have been limited opportunities to practice
before entering the clinical environment, with VR/haptics/simulation the number
of attempts at a particular procedure potentially is much greater (gamification may
increase enjoyment and will lead to improve your score so may be motivational
but may have issues as stated earlier), recognising that students learn at different
rates and will develop skills to the point of competence at different rates. The
implications of this are for improved patient safety provided that the simulation is
authentic. There is now the potential to merge information from e.g. 3D scanning
data within the virtual environment and predictably interact with that via haptic
simulation. This allows surgery rehearsal and potentially improve student and

patient confidence in the clinic.

Simulation can also help with decision making and have the
potential in integrating a more complex environment. This could be due to
simulation being limited in its interactivity in comparison to other existing
platforms that offer artificial intelligence. Artificial intelligence could benefit
students by taking history and complaint etc. There is current provision to
enhance the experience with clinical decision making and treatment planning
followed by clinical execution which is more aligned to a competency-based

approach.
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During the execution of treatment procedures, simulation may facilitate
learners' ability to develop decision making, before and during a clinical
performance as a result of new information. More complicated models could be
developed that might allow a patient's disease to progress and decisions made
at what point to intervene. Such models might also be used to demonstrate the
effects of non-intervention together with the subsequent alternative and
potentially more invasive treatments that would be required. Models were the
patient ages from child to elderly with the disease progressing” life-cycle” of
dental care approach, with the ability to alter risk levels and an element of artificial
intelligence where the system can feed back to the student or escalate the
complication level to assess competence level can also be considered, this would

be educationally beneficial.

Simulation can also have a broader role at the expertise level. Simulation
has a place at all levels of education from beginner to expert, but it can also
extend to remedial training, revalidation, returning to work (e.g. for career
breaks/health/accident) or equivalence assessment. It is important to make some
distinction between the complexity of the simulation and the level of expertise
present. A student who has no experience of handpiece skills would benefit from
simple haptic tasks to develop dexterity, but this might be insufficiently

challenging for the expert.

Simulation may also allow for a stage-based approach to skills develop,
enabling the learner to focus on a narrow range of skills without distractors, which
can be added in to gradually increase fidelity with the phantom head situation and
then on to clinical practice. This might be particularly useful in the very early
stages of a programme of study. Simulation also encourages self-reflection on

performance compared to peers more easily than conventional phantom head.
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There is greater standardisation of the learning environment and greater
transparency on assessing the students compared to natural teeth or plastic

teeth. Some plastic teeth vary significantly when they have artificial caries.

The adoption of these advanced simulation systems in learning will be
gradual. Experience, research and success stories are needed to further develop
and incorporate the potential of haptic simulation into dental training. Therefore,
it is a gradual evolution and we must recognise that there will be differences in
adoption of technologies. For the foreseeable future, a blended learning
environment and traditional phantom head training will be necessary to bridge the
gap between pre-clinic and clinical training. Our current model blends a variety of
online resources pre-class to maximise staff student time and contact on actual
physical activity rather than didactic teaching. Integrating this with haptics and
immersive simulation would seem a reasonable approach (at least blended for
present but eventually technology emersion will occur, possibly with more robotic
dentistry also occurring). Lastly, consideration should be given for the potential
that too much reliance is placed on simulation, in addition they may learn
behaviours/skills that have to then be unlearnt when entering the clinical
environment. Some issues in implementing these technologies may include: The
need for more evidence that simulation is of benefit in improving outcome
(student competence), Lack of collaboration and sharing of experiences with
these technologies between institutions and manufacturers, Costs/added value
(it is difficult to get started due to the considerable initial capital outlay, and
funding stakeholders often ask to the evidence that it is worth it, the belief that
simulation is not realistic — but does it have to be?), availability of training courses
for the skill set that is being addressed and getting technology skilled teachers as

they are frequently the people who hold back the move forward.
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C.2.5 Postgraduate and continuing education

Postgraduate and continuing education are very important in developing the skills
of practitioners to remain fit to practice and improving patient safety and care. It
is also important to identify the type/level of expertise of dentists (the level of
expertise of dentist seeking postgraduate and continuing education varies, they
could be a recently graduated dentist, practising dentist, dentist in specialisation
fields or out of practice returning dentist) who benefit from this education, what

are their struggles, how to fulfil their needs and how to develop it?

Simulation in postgraduate and continuing education can help in different
ways such as; developing new skills and revisiting areas of forgotten skills.
Practicing dentists including recently graduated dentists and out-of-practice
returning dentists might all benefit from it. Designing scenarios and access to
training facilities that suit the level of expertise of the dentist and ability to cover
multiple scenarios and complexity (implant, periodontal surgery, etc.), remedial
management and adjunctive procedures "mopping up" considering dentists in
practice and in specialisation fields. Furthermore Rehearse "real patients" -

scanned data into digital/haptic environment.

The state of art would be an education or technology that serves in filling
the gaps in postgraduate education, fields of specialisation, out of practice
returning dentists and helps in setting international standards. Provides
immersive experience — simulation of soft and hard tissue (gradient of resistance)
— considering the patient as a whole. As well as identification of the level of

realism needed.

With the current approaches, there is limited resources to practice multiple
scenarios before live patients — ability to simulate the clinical situation, not just

phantom head but also there are limited availability of courses, CPD courses
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designed for those who had time away from practice/ struggling dentists/normal
verified CPD (self-reflection). Some engagement with Deaneries and possible
provision of "haptic" simulation has been considered but it still lacks evidence due
to minimal publications in this area. CPD and revalidation assessment, in some
countries, medical practitioners are subject to revalidation to prove their skills are
up to date and they remain fit to practice. It is intended to reassure patients,
employers and other professionals and to contribute to improving patient care

and safety.

The principle of adopting simulation in postgraduate and continuing
education is a step change however its application to different fields is a gradual
evolution. Extensive research in this area is needed and consideration should be
given to the area of usage such as if used for validation — dentists may "game"
the situation. Isolation from real life and clinical (live patient) experience, absence
of communication skills and maintenance — cost — purchase and indirect costs
and dependence on technology, mind-set, and fear of technology could act as an

obstacle in this field.
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C.2.6 Strategies for dental education to take advantage of immersive

technologies

The majority of schools already have dedicated a phantom head laboratory with
enough units to teach large groups of students which can be adapted to simulate
a large number of procedures from basic impression taking, periodontal
treatments, caries removal and oral surgery through to complex restorative work.
Where available, and permitted, real teeth can also be used in phantom heads
although this is becoming increasingly difficult due to issues with cross infection
control, consent and cost of clinical waste removal. However, with advances in
3D printing and materials, it is becoming easier to simulate biological tissues and
caries with 3D printed carious lesions providing a standardised realistic model to
develop both the motor skills and decision-making processes involved with caries
removal and cavity design. 3D printing from digital scans and CT scans can allow
anatomically realistic models to be created which are already used for training in
other specialities and are now being developed in dentistry (Werz et al. 2018;
Kroger et al. 2017). Furthermore, the physical presence of the head, chair and
unit allow for ergonomic training, moving about the patient and working with an
assistant. However, phantom heads produce a large amount of plastic waste from
the use of typodonts, which is not ideal in terms of financial or environmental
sustainability. There is also a limitation in the materials as typodonts are often not
as hard as real enamel, and models such as those used for periodontology or
oral surgery procedures are often not hugely realistic in reproducing the soft
tissues. This can lead to procedures appearing much harder or easier than they

are on real patients.

Currently the standard education tool in preclinical level is the use of

phantom heads in combination with the use of plastic typodonts, and on occasion
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real teeth. In order to assess where haptics fits into the future of dental education,
and why or how it should be integrated into the curriculum, it is important to look
at the pros and cons of current practice. We must also evaluate the
characteristics of haptic trainers and identify areas where haptics may be able to

offer a better alternative or adjunct to that which is currently available.

The use of phantom heads alone, as with any educational resource,
is only of benefit with supportive educational material and supervision. The heads
work best as a training aid when tutors are present to give feedback, although
this feedback is subjective. Various strategies have been developed to overcome
this subjective nature, such as the use of marking criteria (Huth et al. 2017),
calibration exercises and even use of digital technology (Kateeb et al. 2017;
Wolgin et al. 2018). Although this is listed here as a negative it could also be seen
as a positive, as most schools already have the infrastructure and staffing in place

to provide the necessary support to fully utilise phantom heads.

Virtual reality simulators (with and without haptic technology) have been
increasingly adopted across many dental schools around the world.
Additionally, a growing body of literature has emerged that recognize the
importance of these simulators in dentistry and advocate their use in various
dental training contexts. Despite that, they are still considered in their early
stages in terms of development, design features, applications and utility. In
summary haptics have a role to play in dental education but the current
limitations must be recognised, with their use tailored to utilise their strengths.
There needs to be managing the expectations of educators so they do not
expect a complete training solution for every clinical scenario and every student,
but do see it as a useful adjunct to the armoury of preclinical training simulation

options currently available.
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Haptic machines are usually more portable than phantom heads and can
be set up in nearly any room without the need for water, compressed air or
waste facilities. This is an advantage in many universities, where cohort
numbers are increasing and space is at a premium. Following on from this, and
alluded to previously, haptic machines do not produce waste plastics or
materials. Large numbers of procedures can be repeated unlimited times and
can be “rewound” to particular key steps in the process where extra practice is
needed without using up large numbers of plastic teeth or repeating the whole
exercise. Whether running costs overall are cheaper than phantom heads is
hard to assess as the fast processing computers needed for some VR
programmes can use large amounts of electricity and literature on comparative

running costs could not be found.

The realism of the haptics, in terms of sensory feedback of the different
tissues, is probably currently comparable to phantom heads rather than real
tissue, although it is accepted improving technology may increase realism in the
future for both phantom head and haptic systems. As with phantom head, many
systems do not currently have the correct “stiffness” in their haptic feedback to

portray the various dental tissues accurately (Wang et al. 2016).

Haptics can give immediate quantitative feedback after a procedure is
completed, as well as further analytics and visual comparisons to “ideal’
preparations. This feedback is individualised to the learner however, students
routinely report that they want not only feedback about their work but advice on
corrective measures, therefore as with phantom heads, haptics are not best
utilised as standalone training for learning completely new skills and trained tutors
are required to interpret the feedback and give corrective advice. Although it has

been shown haptics can be used to acquire new motor skill this is best when used
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in combination with a tutor to provide feedback and not just the digital analytic
feedback (Al-Saud et al. 2016). The training of staff to be confident with the use

of haptics is another consideration in their implementation.

The number of procedures that can be practiced on any one haptic are
generally limited compared to a phantom head. This is because of the limitations
of the VR and limited content and software available. Although, if all the currently
available haptic systems are taken into account as a whole, a large number of
procedures can be simulated on the different machines (Wang et al. 2016).
Although some simulators do include finger rests these are not yet comparable
to a clinical scenario (Wang et al. 2016). This may be a disadvantage if there is
the potential to learn incorrect use of finger rests or not develop them in the
preclinical environment. The haptics also do not allow the development of team

working skills- working with an assistant, four-handed dentistry.

It would seem the strengths of haptics lie in providing immediate
guantitative feedback and allowing repetition of steps in a procedure a number of
times without producing waste or requiring repetition of the whole procedure. This
stepwise approach to training — breaking a procedure down into key steps and
practicing each individually is a recognised technique in surgery (atomisation, or
deliberate practice). Although expensive in clinical practice, it works well but is
hard to recreate in the dental environment, as in surgery the operation is often
completed in pairs of senior and junior surgeons who can complete individual
steps, but in dentistry, the trainee works alone. Therefore, in this case, haptics
offers an advantage over phantom head or real clinical practice. Haptics may also
offer an advantage in the practice of procedures that are less frequently
encountered or socially less acceptable to practice on patients or students.

Examples may be more complex restorative work, crowns, bridges or implants.
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Haptics does not appear to offer an advantage for the practice of
techniques and procedures such as impression taking, or working with an
assistant, all of which can be practiced more on traditional phantom heads. It
would make sense therefore when developing educational strategies to focus on
the strengths of haptic trainers but also work towards how we can address the

challenges and barriers currently limiting the use of haptics.

C.2.7 Three suggested strategies to implement Haptic simulation

(1) In Millers’ Triangle (Miller 1990) for the development and assessment
of clinical skills, phantom head and simulation work is usually placed in the
“shows how” level, second from the top below the “does” level. Feasibly for
haptics to be used in the same way enough machines would have to be acquired
by each school for group teaching sessions of new skills for all levels of students.
There have been suggestions however that the triangle include a further level at
the top consisting of “does well”, that is further training to become not just safe
but expert (Beard 2008). Therefore for schools which have taken the first step in
to haptic technology and purchased a small number machines, a sensible
strategy may be to use it for pre-surgical treatment planning and practice. This
use certainly aligns more with the current use of haptic trainers in other
specialties, such as surgery or aviation, where haptics are used by qualified
doctors and pilots who are not learning completely new skills, but rather are using
haptics to expand and consolidate existing skills (Grantcharov et al. 2004).
Mindful of the advances in digital dentistry, and how these can be used to support
training, students could upload intraoral scans or study model scans to the haptic
machines to practice a procedure, or difficult part of a procedure, on a particular
patient in advance. The benefits of pre-surgical planning using 3D models is well

documented already in surgery (Hangge et al. 2018; Marro et al. 2016; Pucci et
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al. 2017) and this approach also overcomes the comparable lack of varied
content available in many machines and the lack of machines for all students.
Furthermore, the haptic machine can provide objective quantitative analytics
helping students identify areas for improvement. This use would mostly benefit
students in higher years who have already developed some self-assessment
skills and would be less dependent on a tutor for corrective advice. Again, this
strategy aligns more with theories such as the 10,000 hours of deliberate practice
to develop expert skills and consolidate good practice rather than learning
something completely new. This strategy should also be easier to implement with
a limited number of machines and is a clear example of where the use of haptics

is superior to current practice.

(2) In order for any strategy to be successful, the haptic industry needs to
be included in discussions to develop mutually supportive approaches to
integration. Currently only a gradual evolution is possible but in order to have a
step change a shift in accessibility, user friendliness and integration with current
and developing technologies is needed. A possible analogy here is the impact of
the iphone on the use of smartphones. By developing a user-friendly interface;
and making the development software open source so that anyone could create
content; along with the nature of phone ownership being through monthly
payments and easy upgrade of technology as new models arrive, this
encouraged users to adopt a new expensive technology without worrying about
it becoming obsolete or unusable. The content available grew quickly, often with
apps offering free sample content with payment required to then get access to
the full content, and apps were reviewed which led to a form of self-regulation
and good content being easy to find. Perhaps the manufacturers of haptic

machines could adopt some or all aspects of this approach. Whilst not in itself an
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educational strategy it does address the often ignored but unavoidable obvious
problem, which is the apprehension, cost and feasibility of schools adopting an
expensive and fast evolving technology with relatively little evidence base to
support its superiority over current practice, and therefore being one of the main

barriers to the use of haptic technology.

(3) Once haptics are available in larger numbers with associated varied
content industry must then help facilitate multicentre trials and utilise the big data
and analytics generated by increased use of the machines. Further areas where
it has been identified more research is required are the fidelity of the multisensory
feedback, the ergonomics of the training platform and the effectiveness of
evaluation methods (Wang et al. 2016). This will allow sufficient data to assess
educational strategies, identify successful approaches, comparisons with current

models and further development of haptic use.

C.2.8 When should simulation be used?

Simulation methodology include special devices, partial or full patient simulators,
that provide appropriate interaction media in response to the participant’s actions
and manipulation (Gaba 2004). Although the majority of simulators in health care
education are designed for learning of procedural skills (e.g. minimally invasive
surgery, obstetrics, dentistry), soft skills (or non-technical skills) such as
communication skills, team work, and decision making can also be learned
effectively using structured simulation settings (Gaba 2004). The availability of
simulators and advancement in their fidelity does not preclude the need for faculty
well trained in pedagogical principles (Okuda et al. 2009), it actually emphasise
their central role in various simulation-based educational settings. Although

simulation is an adjunctive methodology and not a substitute for real clinical
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practice, if well planned and effectively utilised it improves the trainee

competence and confidence in real world settings (Levine et al. 2013).

The simple distinction between simulation as an event and simulator as a
tool, is advocated to emphasise that both should synergistically compliment the
educational experience of a health care professional and underpin any scientific
investigation into the simulation-based education. In other words, simulation is a
unique learning opportunity that must be well planned and implemented in a
controlled environment as part of a wider structured curriculum, whereas
simulators are tools that form a valuable part of the simulation experience (Dutta
et al. 2006). Nowadays simulation has become fully integrated into the clinical
training of undergraduate medical students, postgraduate surgical residents as

well as for continuing professional development (Issenberg & Scalese, 2007).

C.2.9 Where should simulation be used?

Effective instruction in preclinical dentistry is multidimensional and requires broad
knowledge not only of dental sciences but also educational methodologies,
assessment best practices, and thorough understanding of basic principles of
motor skill acquisition. Beyond perceptuomotor skill learning, simulation is
needed to facilitate the transition into the dental clinic, to augment ergonomics
and to enhance the students’ preclinical experience through inclusion of a wide
range of simulated patient scenarios (Hollis et al. 2011) emphasising a holistic
approach to patient management. From G.V. Black’s giant tooth models and
Fergus’s phantom head to high fidelity virtual reality simulators and robotics,
dental education has come a long way in the realism of the preclinical simulation
experience, which continue to be an integral part of undergraduate dental

education (Mason 2005).
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C.2.10 Conclusion

In dentistry, intensive theoretical and practical preclinical training is fundamental
to undergraduate dental education experience. Fine motor skills are honed
through simulation-based training using various types of dental simulators
(mostly traditional phantom head, in addition to augmented and virtual reality

based simulators).

There is a need to empirically scrutinize the existing simulators in the
context of dental training and education to identify their potential utility as
pedagogical tools and to inform their future design improvement. This would
facilitate the formulation of best practices recommendations for the use of
dental simulators especially virtual reality simulators. The inherently broad and
multifaceted nature of the topic demands collaborative research efforts from
various disciplines including dentistry, education, engineering, cognitive

psychology, and computer sciences.
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