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ABSTRACT
Introduction: The current learning in orthodontics closely follow the tenets of constructivist theory. The advances in technol-

ogy-enabled pedagogy have been very poorly understood in the context of orthodontic education. Therefore, the aim of this 
study is to find the correlations between the tenets of constructivism, technology-enabled learning and orthodontic education 

Areas covered: The study draws its gist from three backgrounds of constructivist theory, orthodontic education and technol-
ogy-enabled learning. The study has closely examined each of these factors which contribute to knowledge construction in ortho-
dontic students. 

Expert commentary: The study follows a narrative approach to tie together the various interconnections common to ortho-
dontic education and technology-enabled learning under the ambit of constructivism in an attempt to help drive integration of 
technological advances into mainstream orthodontic education. 

Conclusion: By highlighting the connecting links between constructivism and technology-enabled learning we have shown 
that orthodontic education can receive the much-needed revival through these channels. 
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INTRODUCTION

The delivery of orthodontic training and education has been through 
a combination of didactic teaching and an apprenticeship to learn clini-
cal skills (Will, 2015; Derringer, 2005). The orthodontic clinical skills 
encompass communication skills, history-taking, professional attitudes, 
awareness of ethical basis of healthcare, physical examination, proce-
dural skills, clinical laboratory skills, diagnostic skills, therapeutic 
skills, critical thinking, clinical reasoning, problem solving, team-work, 
organization skills, management skills, and information technology 
skills (O'Brien & Spencer, 2015). These skills are developed over the 
learning years of a student with several learning events overlapping 
each other. The technological advances in recent decades have seen an 
increased use of technology for delivering knowledge and skills in 
orthodontic education. The use of technology in various forms has pro-
vided educators with a new tool and new interactions with knowledge 
(Mehta, Clarke, & Fleming, 2016; Naser-ud-Din, 2015). The interac-
tions and learning capabilities of students has drawn from a variety of 
pedagogical theories such as behaviourism, cognitivism and constructiv-
ism with the tenets of constructivism having a wider and stronger influ-
ence on the learning principles of health sciences education (McCarlie 
& Orr, 2010). The theoretical framework of constructivism has shown 
the most connections between different epistemological and pedagogical 

theories (Dennick, 2016). These influences have been understood from a 
didactic perspective as observed by various authors (Matthews, 1998; 
Pritchard & Woollard, 2010). However, the relevance of these influenc-
es will enable a better understanding of how the theory of constructiv-
ism has affected technology-enabled learning in orthodontic education. 
Therefore, the central theme of this article was to view learning in 
orthodontics through the lens of constructivism in an attempt to under-
pin the principles of technology-enabled learning. Furthermore, the 
study will focus on establishing correlations between technology-en-
abled learning and orthodontics. 

AREAS  COVERED  IN  THIS  STUDY

The constructivist model
The constructivist theory of learning, whose philosophical origins 

are frequently ascribed to Immanuel (1999) and whose educational ori-
gins to Piaget (1932), is based on the premise that the act of learning is 
based on a process which connects new knowledge to pre-existing 
knowledge. The constructivist theory received significant contributions 
in the early nineteenth and twentieth centuries (Buchler 1955). 
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Constructivists, like Vygotsky (1978), consider that learning is the pro-
cess of constructing new knowledge on the foundations of what you 
already know. The view that the individual learner is an actor and not a 
spectator was put forward by Dewey (1938). This viewpoint holds true 
for orthodontic students as the students over their training years are 
expected to become active participants in constructing knowledge there-
by becoming lifelong learners (Dennick, 2008).

The tenets of constructivist model
The tenets of the constructivist model will be described under vari-

ous headings to provide a deeper understanding of how these affect 
learning in general and in specific to orthodontic education. 

Situated learning and authentic tasks
Situated learning (SL) is an instructional approach developed in the 

early 1990s following the works of Dewey (1938) and Vygotsky (1978) 
by Jean Lave and Etienne Wenger (David 2014). In situated learning, it 
is claimed that the students are more inclined to learn by actively partic-
ipating in the learning experience (Clancey, 1995). The need to situate 
learning and problem-solving in real-life contexts where the environ-
ment is very rich in information without the right answers challenges 
the students to assimilate and adapt to a particular context and social 
activity. SL is a perspective on learning that views learning as con-
text-bound and occurring when people participate in ongoing social 
activities. In medical education, there are two types of SL which inform 
and support each other; the guided participation (GP) and legitimate 
peripheral participation (LPP), (Natasha, Christen, Bridget, & Lara, 
2017; Bridges, Chan, Hmelo-Silver, 2016). The GP focusses on learners 
and their learning with the guidance provided by the instructor with 
active participation from the learner. This type of learning occurs typi-
cally in a preclinical simulation lab or in clinical workplaces. The 
e-learning online environments also function to provide a GP. The learn-
ing is characterised by tasks which are intentionally designed to facili-
tate learning. The instructors provide assistance to build the necessary 
knowledge and skills to perform the task more independently next time. 
Each of the two types has its attributes in training and education. 
Adapting the essence of these into orthodontic education will benefit the 
reader and orthodontic fraternity in understanding situated learning and 
its relevance in our educational settings. The LPP describes the students 
as newcomers into a new community. The students in the course of their 
learning progress from a state of novices to experts traversing the learn-
ing pathways initially from minimal participation through observation 
and performance of basic tasks to performing complex procedures. 
Active participation in meaningful activities towards patient care is cen-
tral to learning and professional development (Dornan, Boshuizen, 
King, & Scherpbier, 2007). As the learners become more skilled, they 
go on to assume complex responsibilities with individual roles. To 
enable such self-learning needs in a constructivist curricular context, a 
multi-platform application has been developed in other faculties of med-
ical education (Trelease, 2016).

Cognitive apprenticeship and simulation-based training
The apprenticeship followed in orthodontic education closely fol-

lows observational and simulation-based learning, where students learn 
through observation of procedural task demonstrations (Chris, Bella, & 
Sally, 2017; Darnis & Lafont, 2015). Cognitive apprenticeship has been 
previously applied across diverse faculties of medicine (Stalmeijer, 
Dolmans, Snellen-Balendong, van Santen-Hoeufft, Wolfhagen, & 
Scherpbier, 2013), dentistry (Kilistoff, Mackenzie, D'Eon, & Trinder, 
2013) and pharmacy (Pinelli, McLaughlin, Khanova, Eckel, Vu, 
Weinberger, & Roth, 2018) under different settings (e.g., classrooms, 
clinical, and online). This approach, when combined with simulators for 
task execution, becomes a simulation-based training. Simulation-based 
training provides an effective modality to teach both technical and non-
technical skills in a safe and non-threatening environment. The simula-
tion recreates a real-life representation of a procedural orthodontic 
event. This simulation has the advantage of assessing students in clini-
cal tasks in a stress-free environment which is a created model for the 
purpose of education and/or evaluation. The created simulated event can 
range from preclinical tasks to patient management and treatment tech-
niques. Simulation-Based learning is known to have increased the learn-
er's knowledge base, improve decision making, teach teamwork, and 
develop psychomotor skills. The simulation, when used as a mode of 
evaluation, translates into the development of effective competencies 
through deliberate practice. Deliberate practice enables the orthodontic 

students to elevate their clinical skills resulting in decreased procedural 
errors, improved patient safety, and reduced treatment times with an 
overall reduction in health care costs. 

Collaborative learning
From a pedagogical perspective, collaborative learning provides a 

plethora of advantages to learning clinical skills. Working in pairs or in 
teams (team-based learning) may produce gains in learning equivalent 
to those achieved by working alone (Tolsgaard, Kulasegaram, & 
Ringsted, 2016). This type of learning interaction enables knowledge to 
be negotiated through interactions with others enabling multiple per-
spectives on reality. The students, when exposed to a difficult clinical 
scenario, tend to perform and comprehend better if a group or Dyad is 
constituted. 

Nurturance of reflexivity
Reflection as a method of learning helps students identify patterns, 

resolve uncertainties, and make decisions for tackling new situations in 
the future. For a meaningful educational experience, reflection and dis-
course are elements that are inseparable (Garrison and Vaughan, 2008). 
Reflection helps to clarify and make sense of what has been learned and 
to locate it within an individual framework, enabling students to identify 
patterns, resolve uncertainties, and make decisions for tackling new sit-
uations in the future. Reflection further allows active assimilation 
(Moon J, 1999). A method of reflecting has been proposed which utilis-
es reflective e-portfolio to create a learning environment amongst ortho-
dontic students and mentors (Tonni & Oliver, 2013). The study identi-
fied that reflection was stimulated by empathy amongst the discussion 
group in a non-threatening environment. A similar result wherein the 
students achieved better reflective practice when students felt safe to 
reflect, embrace challenges, and accept getting things wrong as part of 
the process of learning (Hinett 2003; Mann, Gordon, Macleod, 2007). 

Learning in ill-structured domains
The learning which happens in response to a problem or scenario 

entails ill-structured domains. The idea is that many crosslinks may 
occur, and conceptual richness will develop as a student spends time 
investigating the various connections between themes or concepts. PBL 
requires a higher level of motivation and a positive outlook on the learn-
ing outcomes. A more positive attitude seen as meaningful towards PBL 
concept enables students to work more constructively and efficiently 
(Ratzman et al., 2013).

By generalising the tenets of constructivism and their characteris-
tics, the principles of orthodontic training can be understood from a 
constructivist perspective. The various methods utilised in the knowl-
edge dissemination of orthodontic curriculum relies hugely on the con-
structivist principles. A description of the tenets of the constructivist 
model and its relevance to orthodontic training and education has been 
tabulated in table 1.

How does learning occur in orthodontic education?
The learning occurs in several phases. The theoretical learning 

incorporates large group lectures and small group tutorials. The students 
receive structured information based on the pre-established curriculum. 
The theoretical learning emphasises on memorising factual information 
and recall. The clinical training, however, incorporates a multitude of 
modalities. The learning happens in various stages and can be represent-
ed in steps described by Moayedi and Torres (2012). These steps 
although not specific to orthodontic training are however a process for 
learning a procedure in medical specialities which have a close resem-
blance to orthodontic procedural training. These steps and their correla-
tion to orthodontic training has been described in table 2. 

The orthodontic training will be discussed based on the 4 steps as 
described above. Each step bears a close connection to the principles 
utilised in orthodontic training and hence will be discussed in detail. 

Step 1: Conceptualisation: This is achieved by the memorisation of 
factual data and recall. The students are expected to be able to relate 
previous theoretical knowledge and find correlations with the new 
knowledge being taught. This learning closely follows the principle of 
the zone of proximal development wherein new knowledge is construct-
ed on existing knowledge.

Step 2: Visualisation: This form of learning is achieved through 
demonstrations of procedural tasks and observational learning (Mnguni 
2014). The tasks performed by the educator is observed, developing a 
mental image of the concept and technique. The cognition hugely 
depends on the student's ability to decipher the relationships of the pro-
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cedure with theoretical knowledge or previous knowledge. The demon-
stration approach requires clear communication as the knowledge is 
implied and not straight forward (Alqahtani, Al-Jewair, AL-Moammar, 
Albarakati, & Alkofide, 2015).

Step 3: Verbalisation: This step entails an apprenticeship approach 
wherein the educator uses multiple modes of communication to teach a 
particular procedure or task. The students follow or repeat the procedure 
building from their experiences and previous knowledge. This step, in 
addition to step 2 follows the cognitive apprenticeship principle of con-
structivism. This stage also requires effective feedback from the educa-
tor. The feedback both positive and negative have implications on stu-
dent learning. The clinical setting demands feedback on several levels. 
Mager (1997) have provided an understanding of different feedbacks by 
classifying it into adequacy, diagnostic or corrective. Following feed-

back, the next stage a student undergoes is an assessment of their gained 
skill. The current trends in orthodontic training follow assessment driv-
en learning which does very little towards skill development and active 
learning (Fugill, 2005). 

Step 4: Guided practice: Building on the earlier knowledge gained 
through steps 1, 2 and 3, the student is now able to perform the proce-
dure in a simulated environment. The learning happens with constant 
support from the educator under close supervision. This step supports 
both collaborative learning and reflectivity. The complexities or chal-
lenges of a procedural task can create collaborations amongst students 
and help device new solutions. The ability to reflect on such scenarios 
and adapt them to others makes learning a rich experience. The proce-
dural knowledge thus gained is further reinforced through deliberate 
practice to gain competency and mastery. A deliberate practice which is 
characterised by attention, concentration, effort and repetition of skills 
until a competent level is reached enables students to gain an insight on 
their strengths and weaknesses thereby facilitating procedural cognition 
(McGaghie, Barsuk & Wayne, 2015). 

The above 4 steps closely follow the tenets of constructivism by 
building on existing knowledge. The skill learnt over time strongly cor-
relates to the zone of proximal development. The learning which hap-
pens by watching peers do their tasks further relates to social construc-
tivism as knowledge learnt is from social interaction and influence. The 
above factors thereby reveal that much of learning in orthodontics place 
their pedagogical interactions on constructivism. However, we will con-
tinue our argument that technology can assist in providing sound inter-
actions thereby exploring the aspects of technology-enabled learning 
and its correlations to orthodontic education.

EXPERT  COMMENTARY

How can technology-enabled learning provide a confluence 
between orthodontic education and constructivism?

Table 2. Steps describing the stages in learning a procedure 
(adapted from Moayedi and Torres 2012).

Steps Characteristics

 Understanding the reasons for performing a proce
Conceptualisation  dure, the overall process, the tools involved, and 
 the risks/benefits.

 Observing a demonstration of the procedure, per
Visualisation  formed in a fluid and competent manner by the 
 master teacher.

 Reviewing a verbal deconstruction of the 
Verbalisation  procedure while it is performed by the expert, 
 with opportunity for interruptions and clarifications.

Guided practice 
 Performing the sequential steps of the procedure

 under the supervision of an expert physician. 

Table 1. Table describing the tenets, characteristics and correlation of constructivism to orthodontic education.
Tenets of Constructivist Model Characteristics Relevance to Orthodontic education

Situated Learning and Authentic  Guided participation focusses on learners and their learning with the  Procedural demonstration of preclinical and
Tasks (Brown, Collins & guidance provided by the instructor with active participation from the  clinical techniques (wire bending exercises,
Duguid, 1989) learner. model analysis, cephalometric analysis, bracket
  placement techniques, etc).

 Legitimate peripheral participation focuses on learning as improvised  Procedural assistance, participation in diagnosis
 practice in activities that have a purpose above and beyond novices' and treatment planning.
 learning.

Cognitive apprenticeship Simulation-based learning through deliberate practice focusses on the Preclinical laboratory exercises and procedural
(Darnis & Lafont, 2015)  attributes of attention, concentration, effort and repetition of skills until  skills (clinical and diagnostic techniques).
 performance becomes fluent. Deliberate practice is facilitated by 
 deconstructing tasks into their component elements to reduce the 
 cognitive load on students during learning.

Collaborative Learning 
Team-based learning focusses on multiple perspectives on reality. Clinical diagnostic reasoning.

(von Glaserfeld, 1988)

Nurturance of Reflexivity Reflection or reflective practice was defined in the structure of aiding Reflective e-portfolio.
(Hinett, 2003) critical thinking to improve existing understanding and a method for
 promoting autonomous and deep learning through enquiry. 

 Effective feedback by teachers is also critical for developing reflective  Feedback on procedural tasks.
 practice, whereby students learn to analyse their own performance and  Feedback on reflective practice.
 identify their individual learning needs.

Ill-structured Domains PBL has six defining characteristics: (a) the use of problems as the Scenario-based learning interactive (SBLi).
(Spiro et al., 1991)  starting point for learning, (b) small-group collaboration, and (c) 
 flexible guidance of a tutor. Because problems steer the learning in such
 a guidance of a tutor. Because problems steer the learning in such a
 curriculum, (d) numbers of lectures are limited. The latter is in line 
 with the idea that (e) learning is to be student initiated and that (f)
 ample time for self-study should be available. 
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The use of technology in delivering orthodontic learning outcomes 
provides orthodontic learners with a new tool for knowledge construc-
tion. The technological advances of e-learning, computer-based simula-
tion, virtual and augmented reality and machine learning approaches 
have opened new pathways for assimilating the same content taught in a 
traditional format. These advances have benefitted the students in a 
multitude of ways in acquiring both theoretical, non-clinical and clinical 
skills. The factors which assist students in their learning will be dis-
cussed under 4 domains of ubiquitous presence, interactive interface, 
ability to perform deliberate practice and ability to collaborate remotely. 
All the 4 domains can assist the students in their knowledge construc-
tion by supporting the students at different levels. 

Ubiquitous presence
Ubiquitous Learning or u-learning provides the students with con-

stant support in terms of resources, assessments and learning evalua-
tions. U-learning is known to provide a pervasive, persistent, flexible 
and seamless learning experience. U-learning can be defined as a new 
learning model that uses comprehensive computer technology and nec-
essary infrastructure to actualize the awareness of anything at any time 
(Huang, 2008). The ability to integrate a high level of mobility both 
through informal and formal educational settings provides the learners 
with an opportunity to explore, identify and absorb learning experienc-
es. This kind of learning is seen as a continuum of knowledge received 
in a formal setting of a clinic. The students do not have to feel discon-
nected from the knowledge source. The students are able to access 
unlimited resources in a timely fashion without the need to travel or 
move around different locations. The on-demand information suits the 
needs of millennial students attitudes and functioning. U-learning fur-
ther assists learners through active knowledge construction and develop-
ment (Meriläinen & Piispanen, 2018). The student takes on the role of a 
builder and a developer thereby linking their skills with that of others as 
seen in communal constructivism (Holmes & Gardner, 2011). The abili-
ty of u-learning to provide a realistic experience was shown to enhance 
students’ preferences for timely guidance and inquiry-learning activities 
as seen in didactic formats. Thus, it can be confidently stated that 
u-learning has up its sleeve the provisions of incorporating the educa-
tional principles of constructivism (Cha, Seo, & Shin, 2011; Tsai, Tsai & 
Hwang, 2012). The u-learning though removes the students from a situ-
ated learning environment does not create discontinuation of knowledge 
assimilation. Therefore, the ability to stay connected anywhere and any-
time can play a meaningful role in shaping orthodontic education. The 
students can continue to experience the same learning with the aid of 
smart learning environments outside the clinical hours and outside a 
controlled environment. This gives the student the freedom to develop 
skills outside a clinical environment without time bound interactions 
with learning resources. 

Interactive interface
The interactive interfaces form the first level of interaction with the 

student who is using a learning resource. The interactive interfaces are 
yet another factor which drives the traditional learners to seek these 
newer approaches. With the advent of technology-enabled learning, the 
interactive interfaces are what contributes to the unique and engaging 
factors for the students to be interested in learning through these modes. 
The interfaces encourage the students to continue their experiences by 
emulating various stimuli in the form of graphic content, audio and 
video and 3D experience (virtual and augmented realities). The interfac-
es are known to provide varying levels of stimulus to the students. 
These stimuli can be in the form of visual, aural or audio, reading or 
writing and hands-on or kinaesthetic experiences. In orthodontic educa-
tion, the learning style of students varies. The studies in orthodontic 
education have shown that not all orthodontic students have the same 
learning style (Rao, Mokhtar and Iskandar, 2018). However, the correla-
tions of learning styles, interfaces and learning using a multimedia plat-
form, follow the constructivist attributes of selecting (learning material), 
organising (internal connections) and finally integrating (prior knowl-
edge from long-term memory) with new knowledge (Mayer, Moreno, 
Boire & Vagge, 1999).

Deliberate practice
The deliberate practice curriculum is a model which focuses on out-

come-based objectives, experiential and student-centred learning. The 
model provides a platform for feedback, reflection, and mentoring. The 
basis of this model lies in Ericsson's (2004) premise that continued 

deliberate practice is a necessary tool for the attainment of expert per-
formance. The theory on motor skills learning is in agreement with the 
fundamentals of deliberate practise as sustained practise affects the 
learners' ability to move from cognitive stages of movement execution 
to automaticity (Shiffrin & Schneider, 1977). The expert performance or 
mastery learning occurs with deliberate practice in a medical simulation 
laboratory which has similar applicability in other educational settings 
(McGaghie, Barsuk, & Wayne, 2015). Ericsson (2004) has identified 
conditions that lead to improvements such as well-defined tasks or 
objectives; detailed and immediate feedback on performance, and 
opportunities to improve by performing the same or similar tasks repeat-
edly. The tasks to be learnt should be designed, based on outcome-based 
learning objectives, appropriate content and instructional methods, for-
mative assessment, feedback, reflection, and mentoring. For a deliberate 
practice to be effective, a learner needs to be encouraged to develop 
expertise as a desired outcome (Ericsson 1993). To further understand 
this model one needs to look at the differences of this model with that of 
the traditional curricular plans. The model differs by its focus on learn-
ing outcomes, feedback, mentoring, and reflection on curricular mile-
stones. However, the deliberate practice model requires that the school 
determines the overall competencies expected of learners. Improvement 
of performance was found to be often arrested at less than maximal lev-
els, and further improvement required effortful reorganization of the 
skill (McGaghie, Barsuk, & Wayne, 2015).

Collaborative learning remotely
Collaborative learning in health professions education has been 

known as a method of learning whereby a task or an activity is learnt by 
an interaction between learners (Tolsgaard, Kulasegaram, & Ringsted, 
2016). With a vast majority of clinical skills training taking place in 
clinical skills laboratories or in clinical workplace-based settings for 
both graduate and postgraduate students, the training efficiency has 
been shown to improve particularly in the context of simulation 
(Tolsgaard, Bjørck, Rasmussen, Gustafsson, & Ringsted, 2013). Non-
medical literature has shown that collaborative learning intercedes 
through various aspects of social interaction and motivation with an 
emphasis on mutual interdependence amongst learners. This kind of 
learning is further supported by the cognitive perspective of co-creating 
knowledge.

CONCLUSION

The orthodontic education based on the doctrines of constructivism 
has benefitted the learning process of orthodontic students. This educa-
tion, when combined with technology-enabled learning, can provide a 
similar experience as technology-enabled learning is in itself based on 
the tenets of constructivism. Therefore, it becomes evident that technol-
ogy-enabled learning in orthodontic education can play a significant 
role in reshaping the current instructional approach. However, the limit-
ed understanding of these complex interactions will require a further 
exploration by randomised clinical trials incorporating technology and 
its affordances in orthodontic pedagogy. 
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