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instruction, aiming to create active, engaged 
learning in student-centred classrooms, 
providing a flexible working environment. Most 
applications of the model require the student to 
watch a screencast or lecture before the class, 
and then use the direct contact time with peers 
and tutors to engage in discussion and group 
work, thereby exploring and engaging with 
the subject in greater depth. The method has 
also been used to provide background and 
supporting information in advance of practical 
classes, and has been shown to have a positive 
effect on students’ learning and improve their 
hands-on skills.5 Research exists to suggest 
that when learners are exposed to tasks, if they 
have previous experience of material relating 
to that task, recall of that material is enhanced 
by a mechanism known as priming.6 In this 
way, students accessing the online material 
in advance of the class are primed with back-
ground knowledge in order to carry out the 
practical task.

By requiring thorough preparation before 
the laboratory class, responsibility for learning 
is the student’s; this engenders a culture of 
personal enquiry and active engagement 
rather than passive acquisition of knowledge. 
Independent exploration of subjects in greater 
depth is therefore facilitated.7 There is also 
evidence to suggest such screencast-based pre-
training makes learning contextually similar 
new material easier.8

In summary, the fundamental idea is to move 
the didactic teaching outside the practical class 

What is Flipped Learning?
Evidence is accumulating from secondary, 
further and higher education that teaching 
techniques which combine online and face-
to-face components can be more effective 
than either method employed alone.1 One 
such method is Flipped Learning, in which 
subject material is delivered online for review 
by learners before a class. These resources then 
provide the background material to inform 
and guide their subsequent face-to-face session 
with peers and tutors in the Flipped Classroom.

Originally developed from distance learning,2 
Flipped Learning has been defined as:

‘A pedagogical approach in which direct 
instruction moves from the group learning space 
to the individual learning space, and the resulting 
group space is transformed into a dynamic, inter-
active learning environment where the educator 
guides students as they apply concepts and 
engage creatively in the subject matter.’3

A recent review of the Flipped Classroom 
concept provides an excellent summary.4 
This Flipped Learning and Classroom model 
combines both online and face-to-face 
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for study and review before the session. In 
this way, the lower levels of Blooms taxonomy 
(remember, understand) can be moved to 
outside the group learning space. Students can 
then apply the higher levels (create, evaluate, 
analyse, apply) to the tasks, skills and concepts 
with the practical class with appropriate 
direction and interaction with tutors.9

Following publication of the original concept,2 
considerable development and research has 
been carried out within higher education. 
Online communities have been established so 
that educators may access resources themselves 
to develop materials, share research and give 
examples of good practice.3

Flipped learning in healthcare 
education
Not surprisingly the concept of the Flipped 
Classroom has been extended to medical and 
dental education.10–12 Online information 
provided before a tutorial permits restruc-
turing of the class, reducing or removing the 
need for didactic teaching during the tutorial 
and facilitating active learning. Classes often 
involve the students undertaking a team-based 
approach to educational activity, and evidence 
is now also emerging that this teaching model 
improves student performance in assess-
ment.13 In addition, the model demonstrates 
high degrees of acceptance with teachers and 
learners, resulting in more positive interactions 
during class time where students are more 
likely to engage in critical thinking.14

Update: This article was corrected on the 19 July 2017 to 
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In brief
Describes the use of the Flipped 
Classroom/Flipped Learning model in 
practical dental skills teaching.

Shows how the model can enhance 
and personalise individual student 
teaching.

Reflects on the requirements to set up 
such a model.

Outlines how the model can enhance 
teaching and maximize the use of time 
and resources.
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Traditional pre-clinical skills teaching 
in dentistry
Learning clinical operative techniques can 
be potentially challenging for junior dental 
students, who may have little experience in 
tasks requiring manual dexterity. It is therefore 
essential to maximise the time students spend 
undertaking practical tasks in simulated 
clinical environments. Close guidance from 
tutors is required, so that students can gain 
core competencies before treating patients.

Traditionally, students would learn proce-
dures, such as cavity preparation, by sitting 
with a tutor in a small group. After being taught 
the theory, they would watch the tutor perform 
the task and then attempt the procedure them-
selves. Over time, such teaching has been sub-
sequently augmented with slide shows and live 
or recorded video demonstrations, which were 
shown at the beginning of a practical simula-
tion session. The major disadvantage of this 
approach is that students spend a consider-
able amount of their time in the practical class 
passively acquiring information instead of 
operating on their simulators. If the didactic 
element of the session could be removed, this 
would provide valuable additional time for 
students to practise and develop their practical 
skills and for learners and teachers to interact.

The Flipped Classroom for pre-clinical 
dental skills teaching
In light of the comments above, the Flipped 
Classroom could potentially deliver significant 
benefits in dental education, especially where 
there is a requirement for tutors to interact on 
a one-to-one basis to demonstrate skills and 
behaviours.

Dental students generally have a good under-
standing of information technology, routinely 
applying these skills to their personal as well as 
academic activities. Therefore, using a Flipped 
Learning approach to teaching early clinical 
skills development seemed worthy of consid-
eration. It could remove the didactic teaching 
and demonstrations of clinical procedures such 
as cavity preparation and restoration from the 
clinical simulation facility to online resources 
viewed before the class. This would allow 
students to maximise practical time training on 
their simulators, and allow tutors to have extra 
time to actively interact with their students in a 
more personally meaningful way to help manage 
individual progress. Any didactic material that 
can be delivered via electronic means can thus 
be removed from the class workspace, unless it 
is for review, discussion or answering questions.

This novel approach to teaching clinical skills 
in dental education has now been developed 
and applied at Glasgow Dental School.

Development of electronic teaching 
resources
Before it was possible to adopt this teaching 
method, it was necessary to develop an extensive 
suite of electronic teaching resources. When 
developing a course of this type, the amount of 
time required to prepare the online materials 
must not be underestimated. For example, a 
twenty-minute screencast may take up to ten 
hours to create, though once made the material 
can easily be edited and use of templates can 
facilitate the development of new material. 
The entire programme must be meticulously 
planned in advance, with an intentional lesson 
plan developed for each session outlining and 
directing the student in the task to be under-
taken. For practical skills classes, image-rich 
presentations should describe every stage of 
a procedure, and links to other educational 
resources should be provided.

The clinical skills classroom audio-visual 
suite at Glasgow Dental School has the capa-
bility and flexibility to create high-quality 
media presentations in various formats, 
giving authenticity to the tasks the students 
will undertake. These teaching resources 
included generic material for each type of 
procedure to be carried out, such as a cavity 
preparation or restoration. Creating inten-
tional content is important when preparing 
for a flipped classroom. Students must be told 
explicitly what tasks they are to carry out, 
so an image-rich lesson plan was produced 

for each classroom activity.3 A multimedia 
screencast was also produced for each type of 
clinical activity in order to consolidate content 
relevant to multiple classes. These productions 
include images, animations and audio/video 
recordings of clinical procedures relating 
to the relevant lesson plans. It is important 
to create content that relates to conceptual 
understanding of the clinical procedure so that 
students gain experience in transferring skills 
to different situations; for example, removing 
caries and placing restorations in different 
locations intraorally. Pre-produced material 
delivered online also has the advantage that a 
demonstration can be condensed into a shorter 
period of time through editing out any unnec-
essary material. A further advantage is that 
while a live demonstration by a tutor may only 
be viewed once by students before undertaking 
the task themselves, the online materials can be 
referred to on multiple occasions.

A typical online media presentation for an 
operative techniques class lasts between 15–20 
minutes. All material provided is integrated 
into the University of Glasgow virtual learning 
environment (VLE), Moodle (Fig. 1). Students 
are therefore readily able to access any other 
content that may be relevant to the tasks to be 
undertaken. For example, students removing 
simulated caries and placing a restoration can 
readily access the relevant dental materials 
science information held on the VLE.

In addition to these specific online clinical 
skills resources, links to other online educational 
materials are provided, such as Scottish Dental 
Education Online15 which provides excellent 
teaching resources on tooth morphology.

Fig. 1  Screenshot of the Glasgow VLE
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Audio-visual and information 
technology requirements
The clinical skills facility in which the 
Flipped Classroom teaching is delivered is 
fully equipped with high specification audio-
visual facilities to both produce and support 
teaching material. All the resources covering 
the operative techniques course were created 
in a format that could be accessed as easily as 
possible both on the individual monitors at 
each workstation and online over a wide range 
of devices. Students are encouraged to bring 
their own tablets and smart phones into the 
classroom, allowing them to revisit or research 
information via the University wifi network 
(Fig. 2). Students may also record images of 
their work and subsequent feedback using 
their devices, and evidence of exemplary work 
can be uploaded to the student’s web-based 
portfolio of academic achievement.

All of the resources are made available 
online at the start of the academic year, rather 
than being released sequentially for each class. 
This allows students to prepare at their own 
pace, identifying their own learning needs, and 
those wishing to see a broader context to their 
current class may easily do this. Students have 
dedicated self-instruction time allocated within 
the timetable to allow for differences in student 
preparation strategies, and a review of access 
logs suggest that this time coupled with time 
during the evening before individual classes 
are used. There was, however, a considerable 

variety of access strategies, with some students 
preparing much further in advance than others. 
An additional advantage to preparing the 
material locally within the facility is that content 
can be made reactive to feedback (Fig. 3). If it 
transpires that students have not grasped a 
concept, additional material can be quickly 
created in response and placed online. Indeed, 
more material is being continually added and 
updated in response to student feedback.

Creation of online material does not neces-
sarily have to be the domain of teaching staff. 

At Glasgow Dental School, final year students 
have the option of participating in a Student 
Selected Module in which they develop online 
resources in collaboration with staff members. 
This has already resulted in a student-produced 
package that will be incorporated into Flipped 
Classroom teaching of endodontics. This 
activity introduces the concept of staff and 
students working together as co-creators of the 
curriculum,16 providing students who are inter-
ested in both technology and dental education 
with a framework to develop their interests.

Fig. 2  Students using the Facilities AV system and their own devices during a class
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Fig. 3  The feedback cycle for the Flipped Learning model
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Implementation
At the beginning of the pre-clinical skills 
course, a traditional lecture was given to 
brief the second year students on the course 
content and the method by which it was to be 
delivered. The nature of the Flipped Classroom 
was made explicit and the benefits outlined. 
It is essential that students understand the 
importance of self-direction in their learning, 
and educational support for this is provided for 
those who may find this more challenging than 
traditional didactic methods. Examples of this 
include the use of effective learning advisors 
and the student mentor system.

Staff briefing was also required. The role of 
the tutor changes in the Flipped Classroom in 
that there is, by necessity, more interaction with 
students. Staff were briefed in the same way as 
the students and encouraged to be as interactive 
as possible and to be reflective in their practice. 
Training was required for some in the use of the 
audio-visual suite and it is, of course, essential 
that the teaching staff are intimately familiar 
with the content of all the online material.

At the beginning of each individual class 
there is a brief introductory period to ensure 
students know what tasks they have to carry out, 
and to answer any questions raised by students 
after undertaking their prior preparation. The 
students then progress with tasks at their own 
pace, while simultaneously interacting with their 
peers, tutors and teaching material. Students who 
develop skills more quickly than others are free 
to proceed to more complex tasks at an earlier 
stage, provided they satisfy their teacher that they 
have reached the appropriate competency level.3,7 
Therefore, the feedback provided is immediate 
and specific to each student.

At the end of the class there is short plenary 
session for discussion of the work carried out. 
This involves small group discussions with 
tutors to identify common issues relating to 
specific procedures, the sharing of experi-
ences, the provision of individual and general 
two-way feedback in addition to answering 
further questions.

It is important to recognise that provision 
of online teaching material to support the 
Flipped Classroom does not replace staff, 
and for the model to function optimally 
there must be sufficient experienced tutors to 
ensure each student receives the appropriate 
amount of interaction and feedback during 
the clinical skills session.

One concern often expressed about flipping 
the classroom is that it is dependent on students 
accessing the material in advance of the class. 

However, experience from many educational 
sources suggests that this is not usually a 
problem.17 As described above, it is critical 
that students are fully informed that the course 
will be delivered in this way, and most dental 
students are usually sufficiently motivated to 
engage with the teaching method. Access to 
technology does not appear to be problem-
atic for dental students18 so this should not be 
considered a barrier. All students were able 
to access a smartphone or tablet in class, and 
a personal computer at home or in the library 
and computer clusters. No concerns were raised 
in respect of access. A small minority of students 
elected to bring material in print form. Access 
logs to the VLE also confirmed that 100% of 
students were able to view content. However, 
levels of engagement do vary, and most students 
accessed pre-class material multiple times with 
only a minority accessing once or not at all for 
each individual class.

Those who do not engage soon realise that 
they will be unable to progress through a topic 
smoothly without accessing the online content, 
and if a student fails to prepare for a class, they 
rarely do so again.

Assessment
Assessment during the course component is 
primarily formative with immediate specific 
personalised feedback. Exercises can be 
repeated with appropriate further instruction 
if the end result would represent an adverse 
clinical outcome. After all exercises have been 
completed at the end of the course component, 
there is a summative assessment in a selected 
series of tasks – cavity preparation, cavity res-
toration and the safe manipulation of scaling 
instruments. It must be stressed that these are 
not competency assessments, but a gateway 
to the first patient contact, indicating that the 
student is safe to proceed.

In the near future, we will be extending our 
use of the online grading and feedback system 
from the student clinics to the pre-clinical 
skills teaching facility. This system will allow 
for longitudinal monitoring of how students’ 
skills and supporting knowledge are develop-
ing, enabling staff to identify any individuals 
who would benefit from closer support within 
the flipped classroom.

Future developments
Further enhancements of this teaching 
method are planned, based upon student and 
staff feedback. The use of online and in-class 
quizzes is to be expanded, with use of electronic 

voting for the latter via web-based software and 
students’ own wireless enabled devices. Greater 
use of peer assessment is also planned so that 
more experienced senior students can share 
their own experiences with their junior col-
leagues in a more informal environment and 
they themselves to gain insight into giving 
feedback on the work of others. Students are 
actively encouraged to review and discuss 
each other’s work, and formalising this into 
the course component may be beneficial. 
Students who have uploaded exemplars of 
their work can easily share with each other via 
their electronic online portfolio, providing an 
ideal medium for reflective discussion between 
students. The flexible learning environment of 
the Flipped Classroom also provides an ideal 
setting for peer instruction. The use of peer-
assisted learning where more senior students 
join the professional educators in the labora-
tory has already been explored in this respect, 
with senior students assisting junior students 
in simple tasks, allowing the educators to focus 
on higher level thinking and practical skills.

One other extension of the Flipped 
Classroom teaching concept is that of Flipped 
Mastery.19 In this model, rather than objectives 
being set for individual classes, more freedom 
is given to students to progress at their own 
pace centred around key stages of develop-
ment, usually linked to staged formative assess-
ment. By adopting this approach, students 
who are proficient and require less guidance 
develop and progress more independently, 
allowing teachers to focus on those who would 
benefit most from more personal instruction. 
The staging of assessments ensures that their 
abilities are sufficient for the student to move 
on to the next higher level of learning. This 
concept fits in well for the teaching of practical 
skills in that students with better manual 
abilities in technical exercises are not held back 
by those who require more instruction. Plans 
to trial this approach are in progress and the 
online grading and assessment tool will allow 
students and teachers to monitor skills devel-
opment and progression.

Conclusions
Early experience in Glasgow Dental School has 
demonstrated many advantages of this model 
of pre-clinical skills teaching as reflected in 
very positive feedback from students in the 
end of year course evaluation. Thirty-three 
students responded to the end of course 
survey and free-form comments indicated that 
students particularly appreciated being able to 
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prepare in advance of classes as exemplified by 
these two quotes:

‘I feel this is a fantastic idea which has worked 
tremendously well. Anything confusing to a 
student, they could just study in advance or ask 
a peer for help. It also saved a lot of time and 
gave us more practical practice in each session, 
and I feel the operative techniques course should 
(and was) focused on this practical experience.’

‘I liked this method of teaching. It allowed me 
to do some further reading before attending the 
class and prevents lots of clueless students asking 
the teacher the same questions at the session.’

The video materials were considered invalu-
able, as they could be reviewed on multiple 
occasions, and at a time and place to suit 
students’ own learning patterns. The students 
also commented favourably on having the extra 
time to carry out the practical classes. Having 
all the material for the course delivered far in 
advance to put each lesson into context was 
also very well received. It is also evident that the 
students used the online material extensively 
in preparation for their professional examina-
tions. The few negative comments centred on 
the inability to ask questions during the online 
presentations. In the original student briefing 
before the course, students were encouraged to 
seek out answers to any questions themselves 
before attending classes, and reassured that 
any outstanding queries would be addressed 
then. It may be that some students have less 
experience of independent methods of study 
and require more support in this respect.

While this paper has concentrated on the 
role of the flipped classroom in delivering 
pre-clinical skills training, there are many 
other aspects of dental education that could 
benefit from the approach. We already use it 
for the teaching of histopathology via clinical 
scenarios supported by virtual microscopy 
(paper in preparation) and have just intro-
duced an element of flipped classroom to 
oral biology teaching in BDS 1. The latter will 

also ensure that students are familiar with 
the Flipped Classroom concept before they 
commence pre-clinical skills training in BDS 2.

In summary, the initial set up of the course 
has required considerable time and effort, but 
now the resources have been developed they can 
be easily maintained, updated and modified in 
response to feedback. For those interested in 
adopting this approach, the importance of rec-
ognising the time and resource implications for 
developing the teaching materials and the need 
to ensure that both students and staff are fully 
briefed on their roles and responsibilities during 
both class preparation and practical sessions are 
essential. It is important to stress that it is not 
simply the online delivery of material that is 
important – it is what providing these resources 
enables in the Flipped Classroom. The primary 
benefit has been the increased time that tutors 
are able to spend with individual students 
learning practical operative dentistry at the start 
of their clinical studies. Students are encour-
aged to take ownership of both the develop-
ment of their practical skills and the necessary 
underpinning knowledge required to support 
it. In this way, independence in learning, an 
important graduate attribute, is engendered 
early in students’ studies, allowing them to 
develop their practical and academic abilities 
in a supportive and flexible environment.
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