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Introduction
In recent years, many new, exciting and novel 
teaching methods have been described and 
piloted, largely driven by advances in technology. 
One such novel andragogic technique has been 
termed the flipped classroom (FC). This approach 
involves the student reviewing the theoretical 
aspects of the course through material provided, 
often by pre-recorded lectures, before face-to-face 
teaching, the intention being that as the student is 
familiar with the subject matter, they will derive 
more from the tutor contact time. This format 
has been shown to increase student satisfaction,1 
performance and cognitive development,2,3 
and delivers better academic attainment.4,5 It 
was anticipated that utilising this new teaching 
method would improve student satisfaction 
with respect to the teaching of the applied dental 
materials and biomaterials (ADM&B) theme 

at a UK dental school. The present study aims 
to assess student satisfaction with the course 
before and then after the theoretical teaching was 
flipped by means of measurement via the student 
course evaluation forms (SCEFs).

Flipped classroom approach
The FC approach often embraces the availability 
of computer technology to allow the removal 
of taught lectures from the timetable and 
their delivery online before teacher-facilitated 
conceptual application activities.6 It has evolved 
since its inception within a US secondary 
school to wide acceptance in tertiary education 
worldwide.6 The FC approach has seen success in 
various disciplines throughout medicine,1,7 and 
evidence of its use and success is emerging within 

dentistry.3,4,8,9 Although many of the positive 
findings report on student satisfaction,1,9 there is 
early evidence linking it with increased academic 
achievement.4,10,11 A recent meta-analysis of FC 
across a range of healthcare disciplines found 
that it yielded significant improvement in 
student learning in comparison to traditional 
approaches12 and other studies in dental 
disciplines have shown that it better supports 
lower-performing students.13,14

Andragogic rationale for the flipped 
classroom approach
Challenges exist within dental teaching to 
accommodate the four recognised learning styles 
as described by Honey and Mumford,15 which 
have been inspired by Kolb’s work.16 Table 1 

The flipped classroom (FC) approach has 
been fully implemented in the delivery of the 
application of dental materials and biomaterials 
teaching at a UK dental school.

The new approach met with significant, measurable 
student satisfaction feedback.

The FC approach can be adapted to asynchronous 
and synchronous sessions to meet the blended 
learning teaching approach which, as a result of 
the COVID-19 pandemic, is especially pertinent.

Key points
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Learning style20 Attributes21 Met through

Activists Individuals who learn by doing Hands-on experience with dental products

Reflectors Individuals who learn by watching and 
thinking over concepts

Tutorial and hands-on elements reflecting 
back to didactic teaching

Theorists Individuals who like to understand the 
theory behind the actions Structured learning pattern

Pragmatists Individuals who need to see the practical 
application to the ‘real world’

Practical experience with immediately 
relevant link from the didactic teaching

Table 1  The four recognised learning styles and attributes, with an explanation on how 
each could be satisfied by using the FC approach
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presents how the change in course delivery to a 
FC blended approach planned to address all of 
these learning styles.15

Additionally, it was hoped that this revised 
style of course would encourage higher-order 
thinking. Using Bloom’s taxonomy17 as a 
framework, the online lectures aimed to impart 
knowledge, and the tutorials aimed to investigate 
and develop comprehension before the practical 
session progressed into application and analysis. 
Kolb’s learning cycle18 is a recognised theory 
of experimental learning which is applicable 
to the application of dental materials teaching, 
particularly as it is a practical subject. This theory 
is based on the assumption that students learn 
through doing. In this case, practical experience of 
mixing and handling dental products enriches the 
teaching experience, deepens the understanding 
of the student and reinforces the application 
of the subject. The student was provided with 
workbooks for the hands-on element to support 
experiential learning as demonstrated in Kolb’s 
cycle18 (Fig. 1). In addition, interactive problem-
based learning seminars were added to the 
programme. These were added to gain deeper 
learning and encourage students’ self-directed 
learning.19

Furthermore, it was anticipated that this 
FC blended approach would bridge the 
generational gap between teaching and learning 
styles.20 Students are currently most likely to 
be part of ‘generation Y’. This generation as a 
whole are highly collaborative, thrive using 
technology, respond to a mentoring/coaching 
form of teaching and favour case studies 
with immediate feedback,21 all of which is 
incorporated into the FC blended approach.11

Materials and methods

The School of Medicine Ethics Review board 
was contacted to determine whether an ethical 
opinion was required. Written confirmation 
was duly received confirming that the present 
study was considered to fall into the category of 
service evaluation and, as such, did not require 
ethical approval.

In order to facilitate the change to an FC 
approach, in this instance, it was deemed 
appropriate to overhaul the entire ADM&B 
course. The proposed course was initially mapped 
or storyboarded22 by the academic theme lead 
responsible for the course dividing it into topics 
defined by their theme. Mini lectures called 
‘lecturettes’ were adapted from the previously 
available didactic lecture material, recorded and 
saved as a PowerPoint (Microsoft Inc, Redmond, 

WA, USA) presentation relative to each theme. 
These tended to be short and thus made it easier 
for the student to concentrate and be less likely 
to lose interest. They also allowed the course to 
be made modular for versatility as some subject 
matter was covered in a number of areas. For 
example, common dental impression materials 
are used in the construction of removable 
dentures and also in fixed prosthodontics, 
which are covered in two other distinct courses. 
Each of the lecturettes covering the traditional 
lecture material were recorded as podcasts by 
video capture as this has been found to be more 
effective in knowledge retention23 using Panopto, 
Seattle, USA. These podcasts were made available 
on the university’s virtual learning environment 
(VLE). The session was shown in the student’s 
calendar with the presentation in PowerPoint 
(Microsoft Inc.) format attached with the link 
to the podcast. The students were encouraged to 
watch the podcast with the lecture presentation, 
which allowed them to annotate notes or write 
down any questions which sprung to mind at 
the time. Mandatory consolidative tutorials and 
hands-on practical sessions were timetabled after 
the lecture slides and podcasts had been made 
available. Expectations that the lectures should be 
viewed before attending the tutorial and practical 
sessions to get the most out of the session and to 
enable contribution were communicated to the 
students verbally by the course coordinator and 
were written in the course handbook.

The tutorials replaced the previous lectures 
in timetabled contact time and were held 
just before the practical sessions. They were 
facilitated by the lecturer who adapted 
the teaching to the direction the learning 
demanded. It also provided the opportunity 
of emphasising key points, sense-checking 
knowledge and understanding, allowing 
student-led discussion and facilitating question 

asking. This peer interaction has been shown 
to develop deeper conceptual understanding.11 
Gali et al.24 found that tutorial-based discussion 
as opposed to traditional lecture-style teaching 
for dental materials helped students relate the 
teaching to clinical application. Students also 
reported finding the teaching more motivating 
and interesting. The tutorials sporadically 
included quizzes by means of OMBEA Response 
(OMBEA Ltd., London, UK). Research has 
shown that the testing effects of quizzes have 
a positive effect on learning outcomes,25 in 
addition to assessing the understanding of the 
theoretical material supplied before face-to-face 
teaching events.26

As was custom at the end of every semester, 
students were encouraged to provide formal 
feedback via the SCEF reports. The formal and 
informal feedback gained was compared with 
that received before the change in format of 
the theme.

Results

Due to the small cohort of students in each year 
group and a very limited number of staff who 
were involved in the delivery of the ADM&B 
course at the Institute of Dentistry, University 
of Aberdeen, it was felt that direct quotations of 
student comments could not be included in the 
present paper to preserve and protect anonymity.

It was, however, observed that students’ 
comments in the SCEFs largely fell into four 
main categories, namely: teaching delivery 
method, teaching time, accessibility to 
information and content.

Regarding teaching delivery method, prior 
to the change, more students commented that 
they were dissatisfied than satisfied. Following 
the change, four times the number of students 
commented that they were satisfied rather than 

Concrete experience
Working/experimenting

with dental materials

Reflective observation
Respond to workbook questions

related to the dental material

Abstract conceptualisation
Relating conclusions back to
the properties of the material

Active experimentation
Retesting conclusions to

review material performance

Fig. 1  Application of Kolb’s learning cycle to the teaching of applied dental materials and 
biomaterials
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being dissatisfied. All comments relating to the 
length of teaching time to deliver the teaching 
material moved from unanimously unsatisfied 
to satisfied. This was repeated in the students’ 
response to the accessibility of the material. 
The content of the material largely did not 
change and students were always content with 
the information provided, but following the 
change, more students commented on the 
content positively.

There were significantly more comments 
from the students via the SCEF forms following 
the change to a FC blended learning approach 
than before the changes were made.

The original SCEF reports contained no 
numerical scores, but scores were introduced 
in the academic year 2019/20  in an attempt 
to measure approval and effectiveness of the 
course. Enjoyment of the course and teaching 
format effectiveness was judged on a four-
point scale: strongly agreeing (SA), generally 
agreeing (GA), generally disagreeing (GD) and 
strongly disagreeing (SD). As can be seen in 
Figures 2 and 3, all students agreed that the 
course was enjoyable and effective, with only 
one BDS3 student who generally disagreed that 
the teaching format was effective.

Discussion

Due to the diversity of content and styles, 
finding evidence to support a change in course 
design is challenging and so is often left to 
professional judgement.2 However, of all the 
available andragogic approaches and emerging 
evidence of the effectiveness of FC within 
healthcare education, this method seemed the 
most appropriate for the course in question as, 
while previous student satisfaction was good 
with regards to relevance and content, it was 
low with respect to its delivery.

The success of the new FC format was 
measured in formal and informal feedback 
received from the students and compared with 
comments received from the previous format. 
As anticipated, students reported that they 
liked the FC format as they could access the 
online material and consume it at their own 
pace, as often as necessary and at a time which 
suited them. This was particularly useful for 
more complex ideas and concepts where the 
student could replay the section repeatedly 
until they understood it. Most students were 
fully engaged with the process and those who 
did, by definition, carried out more pre-class 
preparation time. This was borne out in a 
paper by Cheug.7 Furthermore, the results 

show that the students appreciated the more 
quality tutor/learn contact time and the fact 
that the pre-practical tutorials were dictated 
by their learning needs. As anticipated, 
this combination of tutorials and hands-on 
elements increased learner engagement, 
enjoyment and interaction.

The undergraduate dental teaching facility 
in Aberdeen was established relatively recently 
and quickly. At the time, many processes were 
developed for immediate implementation, but 
have been adapted and improved with usage 
to make them more fit for purpose. This was 
the case with the formal course feedback 
vehicle. The original SCEF forms asked for 
feedback on the curriculum overall and 
then, with time, were incrementally refined 
to asking about dental health and disease, 
the umbrella term under which the theme 
was contained, and then finally feedback was 
requested specifically for ADM&B. Similarly, 
general comments were asked for in the initial 
reports, but progression led to more specific 

questions on strengths, weaknesses and any 
innovative teaching methods which had 
been used in the course delivery. Pertinent 
feedback on the delivery of the blended FC 
approach was entered into other disciplines. 
This was collated and included within the 
results. For the purposes of the present 
study, it is regrettable that numerical data 
were not collected from the outset as this 
would have led to meaningful measurement 
of improvement or otherwise of any changes 
effected within the course.

Like many universities, lectures are not 
deemed to be compulsory at the University of 
Aberdeen, even in a programme regulated by 
an external body, such as the General Dental 
Council, which has a legal and statutory duty 
to oversee dental education in the UK. All 
other classes are compulsory; therefore, by 
changing the session description to a tutorial, 
students were compelled to attend. This 
increase in attendance increased involvement, 
engagement and learning.
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Fig. 2  Student SCEF results rating the enjoyment of the course (as a percentage)
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Fig. 3  Student SCEF results rating the teaching format effectiveness (as a percentage)
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It has been reported in the literature that there 
are potential difficulties with the FC format. The 
format of FC relies on the student to undertake 
preparation in advance of tutorials and often 
this is in their own time. Chuang et al. found 
that the FC approach did not suit all students as 
it required a high level of belief and motivation 
to complete the preparatory work.27 It could 
be hypothesised that students undertaking a 
professional degree in healthcare would be 
highly motivated, but Patanwala et al.28 found 
this not to be the case as some students studying 
pharmacy therapeutics failed to view the pre-
recorded material and thus were not prepared 
for the tutorials. However, it was found in 
this course that most students were engaged 
and prepared, and attended the face-to-face 
sessions with a good initial grasp of the subject. 
The authors deem this to be a result of clearly 
directing the students to the podcasts and lecture 
slides via the course handbook and VLE, while 
advising them that viewing was a prerequisite 
for the mandatory tutorials. The tutorial and 
practical sessions were also interactive and 
engaging, with the lecturer expecting student 
participation. Students quickly realised that 
failure to prepare would be apparent. If all 
courses were taught in such a way, however, then 
this could be problematic as the student may 
be overloaded and not have sufficient protected 
time to watch all of the lecture material. This 
preparatory, asynchronous material must be 
factored into the students’ timetable.

To establish and embed the concept of FC 
into the delivery of the academic theme, there 
were challenges which had to be overcome. It 
is obvious that significant preparation time was 
required to record the podcasts. Additionally, 
there was a learning curve with the software 
and developing editing skills which was also 
time-consuming.

To flip the classroom resolved issues with 
maximising contact periods for a time-restricted 
lecturer and allowed exploration of a new 
teaching style. Interaction was more dynamic, 
making the learning environment more positive 
for both staff and students and reversing 
common assumptions that dental materials is 
a ‘dry’ subject. Members of staff at the Institute 
of Dentistry, University of Aberdeen had used 
the FC approach in isolated events with varying 
degrees of success, but it had yet to be embraced 
in the delivery of a whole course.

As with other delivery styles, there are 
challenges if the main facilitator is absent from 
the face-to-face session and therefore unable to 

conduct the tutorial, as the facilitator is key to 
the success of the FC approach. The knowledge 
of the educational facilitator needs to be at 
a sufficiently high level to be able to take the 
discussion in any direction and in sufficient 
depth, and for the students to see value in 
preparation and participation. The students take 
ownership of their learning, but the facilitator 
must be able to respond and accommodate.

The fact that the formal teaching material 
was pre-prepared meant that the course was 
ready to be delivered at any time. At the time 
of writing in the midst of the COVID-19 
pandemic, this approach enabled the course 
to be delivered online and facilitated the move 
for staff to work from home as the core of the 
teaching was in place. The students therefore 
saw no interruption of the theoretical teaching 
as online live tutorials were provided as an 
acceptable replacement of the face-to-face 
sessions. Furthermore, the material is available 
for future cohorts. Material will continue to 
need updating from time to time, but there will 
be a saving in lecturer time which will result 
in overall cost savings balanced by the initial 
start-up costs of the investment of time.

Conclusion

The change to an FC delivery from a 
traditional lecture-based programme 
resulted in unanimously positive student 
feedback measured in both formal and 
informal feedback. This was consistent with 
other previously published findings. Further 
investigation is needed to see if improvement 
in summative assessments would be achieved 
by adopting an FC approach.
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