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Motor skill learning requires the control and integration of a range of stimuli and responses to be able to perform the
desired motor task. How can we explain, support, or predict how people learn these skills? Several learning theories have
been developed to explain how learning motor skills occurs and what stimulates individuals to learn and change.
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| 1. Introduction

Many contemporary theories of motor skill learning identified the importance of cognitive processes during motor skill
acquisition, particularly in the initial stages of learning. The initial stage of motor skill learning (i.e., cognitive
stage/declarative stage) involves cognitive processing of verbal/visual instructions related to the task and rehearsal of the
task in working memory. This cognitive processing facilitates the interpretation of the instructions required to perform the
task.

| 2. Understanding Motor Skill Learning as Related to Dentistry

Procedural and cognitive skills are essential abilities for clinical dental practice. Students learn these skills during
simulated clinical activities designed to ensure that they achieve a satisfactory level prior to proceeding to direct patient
care. These simulated activities have associated high costs in terms of staffing and facilities LBl To optimize learning in
these settings, the design of relevant learning activities needs to be informed by theory and based on evidence.

However, there has only been limited research conducted in relation to the design of the most effective and efficient
methods for learning the complex cognitive and fine motor skills required for patient care in dentistry LIEIBIE Similarly,

there are few publications discussing the rationale and design of simulation and clinical endodontic learning activities (A&
]

Other than investigation of the design and diameter of hand file handles and the effect of the fit of gloves on performance

[0LII2] there has been limited use of learning theories to explicitly inform the design of simulation and clinical dental
learning activities [EI[L3][14]115]

In dentistry, understanding relevant learning theories is essential for dental educators to be able to design effective
learning activities, with a clear rationale that supports their dental students’ learning. Below, we will discuss five key
theories that have relevance to learning procedural skills and declarative knowledge in dentistry. Specifically, these are
Schema theory, Cognitive Load theory, OPTIMAL theory of motor learning, the Novice-Expert continuum and deliberate
practice principles, and Reinvestment theory (Table 2).

Table 2. Summary of motor learning theories relevant to dentistry.



Theory

Description

Points in Favor

Points Against

1. Schema Theory
[16]

Motor learning involves ongoing
processes that update the recall and
recognition of proprioceptive information
from limbs and fingers. The response
parameters (e.g., speed and force) are
specified according to stored knowledge
of the results.

- Commonly used theory.

- Used to explain
procedural skill
development.

No longer valid for
understanding motor
skill learning.

Unable to describe
learning through
observation.

Unable to explain the
role of augmented
feedback.

2. The OPTIMAL
theory of motor
learning 17

Focuses on discovering the correct
instructional approach to support
motivation and direction of motor learning
to the desired outcome of the motor task.

Supports simplifying

movement instructions.

Positive impact on
instructional design.

Reduces the load on
the working memory.

Limited evidence
addressing complex fine
motor skill learning.

3. Cognitive Load
Theory 18]

Based on the assumption that cognitive
system is limited as working memory can
only store and process a small amount of
information for a few seconds.

Knowledge build up by
combining simple
elements can result in
development of more
complex results.

Reduces the load on
working memory.

Positive impact on
instructional design.

Lacks conceptual clarity
and validity of
instrument used.

Lack generalizability in
different contexts.

Uses self-reported
survey to measure
cognitive loads.

4. Novice-Expert
continuum and
deliberate practice
principles [

Development of expert motor
performance depends on continuous
deliberate practice improved by trial-and-
error learning and supported by
appropriate supervision.

Supports gradual
buildup and
improvement of motor
skills.

Supports safe and low
risk buildup of
competency.

Does not address
individual’s cognitive,
attentional and
perceptual abilities.

Requires a long
deliberate practice to
achieve expert level.




Theory Description Points in Favor Points Against

- Commonly used theory. Limited evidence

addressing complex fine

- Implicit learning . )
motor skill learning.

reduces the load on the
working memory.

Lack of consensus

Based on the distinction between - Supports simplifying related to the role of
5. Reinvestment individual’s movement self- . . observational learning
Theory 2] consciousness features related to movement instructions. ) o )
movement processing and decision as an implicit learning
making. L .
9 - Implicit learning approach.

maintains robust

Uses self-reported
performance under

. . rv m re th
multi-tasking and survey to measure the

.. level of reinvestment.
stressful conditions.

| 3. Conclusions

There is limited evidence regarding fine motor skill learning in dentistry, particularly in endodontics. It has been shown that
learning implicitly when carrying out a motor skill may limit the effect of self-focus and self-regulation on subsequent
performance.

Stressors related to dental students’ transferring from simulation to clinical settings can result in deterioration of
performance. It is suggested that learning implicitly in the simulation stage can reduce disruptions in performance when
moving to clinical settings. Therefore, further investigation of effective methods for learning fine dental motor skills is
indicated, using conditions that result in robust performance, even under multi-tasking or stressful conditions.

References

-

. Tedesco, L. Issues in dental curriculum development and change. J. Dent. Educ. 1995, 59, 97-147.

2. Glickman, G.; Gluskin, A.; Johnson, W.; Lin, J. The crisis in endodontic education: Current perspectives and strategies
for change. J. Endod. 2005, 31, 255-261.

3. McNally, M.; Dunning, D.; Lange, B.; Gound, T. A survey of endodontic residents’ attitudes about a career in dental
education. J. Endod. 2002, 28, 592-594.

4. Knight, G.; Guenzel, P.; Feil, P. Using questions to facilitate motor skill acquisition. J. Dent. Educ. 1997, 61, 56—65.

5. Wierinck, E.; Puttemans, V.; Swinnen, S.; van Steenberghe, D. Expert performance on a virtual reality simulation
system. J. Dent. Educ. 2007, 71, 759-766.

6. Winning, T.; Malhotra, N.; Masters, R. Investigating an errorless learning approach for developing dental operative
technique skills: A pilot study. Eur. J. Dent. Educ. 2018, 22, e706—e714.

7. Koedijker, J.; Poolton, J.; Maxwell, J.; Oudejans, R.; Beek, P.; Masters, R. Attention and time constraints in perceptual-
motor learning and performance: Instruction, analogy, and skill level. Conscious. Cogn. 2011, 20, 245-256.

8. Friedlander, L.; Anderson, V. A new predoctoral endodontic module: Evaluating learning and effectiveness. J. Dent.
Educ. 2011, 75, 351-359.

9. Sonntag, D.; Barwald, R.; Hulsmann, M.; Stachniss, V. Pre-clinical endodontics: A survey amongst German dental
schools. Int. Endod. J. 2008, 41, 863—-868.

10. Chandler, N.; Shaw, J.; Treble, S. Effect of endodontic instrument handle diameter on operator performance. J. Endod.
1996, 22, 110-111.

11. Chandler, N.; Ford, T.; Monteith, B. Pulp size in molars: Underestimation on radiographs. J. Oral. Rehabil. 2004, 31,
764—769.

12. Min, L.; Yun-hui, L.; Qiang, H. An optimized haptic interaction model based on support vector regression for evaluation
of endodontic shaping skill. In Proceedings of the IEEE International Conference on Robotics and Biomimetics
(ROBIO), Sanya, China, 15-18 December 2007; pp. 617-622.



13.

14.

15

16.

17.

18.

19.

20.

El-Kishawi, M.; Khalaf, K.; Masters, R.; Winning, T. Effect of errorless learning on the acquisition of fine motor skills in
pre-clinical endodontics. Aust. Endod. J. 2021, 47, 43-53.

El-Kishawi, M.Y.; Khalaf, K.; Odeh, R.M. Determining the impact of stressors on students’ clinical performance in
endodontics. J. Taibah. Univ. Med. Sci. 2021.

. El-Kishawi, M.; Khalaf, K.; Winning, T. How to Improve Fine Motor Skill Learning in Dentistry. Int. J. Dent. 2021, 2021,
1-8.
Schmidt, R. A schema theory of discrete motor skill learning. Psychol. Rev. 1975, 82, 225-260.

Waulf, G.; Lewthwaite, R. Optimizing performance through intrinsic motivation and attention for learning: The OPTIMAL
theory of motor learning. Psychon. Bull. Rev. 2016, 23, 1382-1414.

Sweller, J. Cognitive load during problem solving: Effects on learning. Cogn. Sci. 1988, 12, 257-285.

Dreyfus, H.; Dreyfus, S.; Zadeh, L. Mind over machine: The power of human intuition and expertise in the era of the
computer. IEEE Expert 1987, 2, 110-111.

Masters, R.; Polman, R.; Hammond, N. ‘Reinvestment’: A dimension of personality implicated in skill breakdown under
pressure. Pers. Individ. Dif. 1993, 14, 655-666.

Retrieved from https://encyclopedia.pub/entry/history/show/25849



