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Abstract
Observation plays a key role in the development of surgical skills, as it allows trainees to learn from experts and improve 
their performance through trial-and-error practice. This process, known as motor learning, involves the creation of new 
neural pathways that enable precise control of surgical instruments through hand movements. In recent years, there has 
been a shift towards minimally invasive surgery, which requires surgeons to continually learn new motor skills to control 
specialized instrumentation. Motor learning can be enhanced through repetition and the observation of expert performances. 
Observational learning is particularly useful when it is used in combination with physical practice, as it can provide hints 
and clues about important aspects of the task that may not be immediately apparent through verbal instruction alone. The 
role of mirror neurons, which are activated both when an action is performed and when it is observed, is also important in 
the process of observational learning. By understanding the mechanisms behind observational learning and the factors that 
influence its effectiveness, trainers can optimize the use of this method in surgical training.
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Introduction

Observation can be a key factor in the development of sur-
gical skills, as it allows trainees to learn from experts and 
improve their performance through trial-and-error practice. 
This process, known as motor learning, involves the creation 
of new neural pathways that enable precise control of surgi-
cal instruments through hand movements. Surgical training 

involves developing a range of skills, including the ability to 
make quick and accurate decisions under pressure, as well as 
physical dexterity and endurance [1]. In recent years, there 
has been a shift towards minimally invasive surgery, which 
requires surgeons to continually learn new motor skills to 
control specialized instrumentation. Motor learning can be 
enhanced through repetition and the observation of expert 
performances [2]. Observation is frequently employed in 
surgical training through process demonstrations and the 
opportunity to watch and assist surgeries in operating rooms. 
This article attempts to give an outline of motor skill learn-
ing by observation and the elements which could maximize 
its usefulness in surgical training.

What is Observational Learning?

Observational learning is a type of learning that involves 
watching someone else perform a task or action [3, 4]. This 
can help an individual learn a new skill or behavior more 
quickly, as they are able to see how it is done and then try to 
replicate it. Observing someone else perform a task creates 
a mental representation or blueprint that helps the observer 
recreate the movement. Observational learning is particu-
larly useful when it is used in combination with physical 
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practice, as it can provide hints and clues about important 
aspects of the task that may not be immediately apparent 
through verbal instruction alone. Additionally, observational 
learning can be an efficient way to teach a skill to a large 
group of people, as it can be done through videos, simula-
tors, and online courses [5].

Observing a skilled surgeon perform can help learners 
learn important skills that are essential for skilled perfor-
mance, including creating an efficient information gathering 
strategy, learning important task features, learning advanced 
skills like judgement and awareness, and honing motor 
skills. This type of learning can also lead to the develop-
ment of motor control mechanisms, though the exact mech-
anism by which observation affects motor control is still 
being debated [6]. People often make anticipatory eye move-
ments while observing, focusing on stimuli before engaging 
with it, which suggests that watching a pattern can aid in 
the development of efficient information-gathering skills. 
Studies on observation have shown that witnessing others 
can aid in learning important aspects of a task, such as the 
movements that must be taken in a technique [7, 8]. Fur-
thermore, objective techniques for sensorimotor tasks can 
be directly acquired from a model, resulting in the develop-
ment of elevated judgement capabilities. Finally, it has been 
demonstrated that observation aids in the development of 
motor control systems [9].

In the context of surgical training, the development of 
motor regulatory systems through observation is especially 
important because it necessitates learning how to handle a 
range of novel equipment safely and efficiently. According to 
studies on the human mirror neuron system, specific regions 
of the motor cortex are very capable of picking up manual 
dexterity through observation [10–12]. Overall, observation 
is an essential component of learning for competent perfor-
mance in a variety of tasks and plays a significant role in 
motor learning.

Role of Mirror Neurons

Once an action is performed or witnessed, a collection of 
neurons in the motor and premotor cortex called the mir-
ror neuron system are correspondingly stimulated [12, 13]. 
Although it was initially found in macaques, this network 
is now well established in humans as well [10, 14, 15]. The 
movement is reproduced in the observer’s cortex when 
motor regions are stimulated while they are perceiving. 
Mirror neurons enable the development of a representation 
of the seen activity without the need for physical practice, 
which can make it easier for the observer to replicate identi-
cal movements. The mirror neuron system may facilitate the 
direct mapping of observed movements to repeated motions 

or it may facilitate the understanding of movement inten-
tions. These are the main hypotheses for the acquisition of 
motor skills through observation [16, 17]. The efficiency 
of action observation for learning motor skills might vary 
depending on the structure and frequency of witnessed activ-
ities, the traits of the individual conducting the activity, the 
feedback systems, the observer’s focus, and the visual sig-
nals used. There is evidence that, similar to physical prac-
tice, observational learning may encourage the development 
of motor abilities through by observing errors [18]. Muller 
et al. hypothesized that mental visualization informs pro-
cesses for staying calm under pressure and was found to 
be essential for building long-term surgical resilience. They 
recommended it to be incorporated into the surgical resi-
dency curricula as it offers progressive education on mental 
visualization and fosters intraoperative environments that 
promotes adapting to risk [19].

Learning from Expert and Novice

It is generally accepted that watching an expert perform a 
task is the greatest approach to pick up a new skill. Even 
more helpful for learning than watching expert performance, 
gaffe performance refers to viewing blunders or errors made 
while performing a task [20]. This is due to the fact that 
viewing faults activates systems for error detection and 
correction, which can improve motor control similarly to 
physical exercise. Performing tasks like lifting strange things 
and performing endoscopic surgery while seeing someone 
else make mistakes can help learners master those skills 
[21]. Even though observing expert performance provides 
an ideal template for optimal performance, observing both 
expert and gaffe performance may be most beneficial for 
learning, because it enables the evolution of fault recovery 
systems from the gaffe performance. In contrast to the con-
ventional method of exclusively learning from an expert, 
this proposes that learners can learn from the mistakes of 
others and avoid making the same mistakes themselves. This 
strategy could be a practical and economical way to improve 
learning in surgical settings since it enables trainees to learn 
from their colleagues’ mistakes rather than only those of 
experienced surgeons [22, 23].

Being Attentive Pays

In order to learn via action observation, the role of atten-
tion is crucial. Giving verbal and visual clues while being 
observed might enhance performance in activities. Observ-
ing the eye movement patterns of experts can improve 
the speed of learning new abilities by providing suggestions 
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on information to focus and fostering motor skills via a better 
efficient sensory-motor route [24]. It’s crucial to choose the 
best area of focus when performing surgery, such as whether 
it’s better to watch the movements of the surgeon’s hands or 
the instruments. The movement of the operator, or surgical 
instrument, has been demonstrated by point light displays 
to often offer important information. Students learning the 
best gaze methods can benefit from observing specialist’s 
eye movements during surgical procedures. In order to learn 
through action observation, feedback is an essential element 
[25]. It aids in directing the learner’s comprehension of their 
performance and serves as a signal for necessary corrections. 
Offering biased input on the timing mistake when learning 
the timing of a straightforward movement can affect both the 
model and the observer movements [26]. When errors are 
detected during a simulation task in a medical setting, spe-
cific feedback can enhance performance. However, receiving 
too much input might cause dependence and impede learn-
ing [27, 28]. According to the guiding hypothesis, provid-
ing partial feedback can be the most beneficial in fostering 
learning through the growth of error detecting skills [29, 
30]. In surgical training, some input could be helpful, but it’s 
also crucial to let trainees see and practice their own error 
spotting techniques.

Virtual and augmented reality are playing an increasingly 
significant role in surgical education and care. Several stud-
ies have shown that VR enhances skill development outside 
of the operating room, although evaluating the transferability 
of these skills to the clinical setting remains challenging. 
Currently, AR is predominantly employed for simulated 
training and intraoperative navigation [31]. Nevertheless, 
as the technology progresses to better replicate the surgi-
cal environment, these tools are expected to become more 
widespread in both training and patient care contexts.

Practice, Practice, and Only Practice Makes 
a Surgeon Sharp as Knife

Learning motor skills, such as those required for surgical 
procedures, requires both physical and observational prac-
tice. While observational practice entails observing someone 
else complete the activity, physical practice involves actu-
ally performing the task. Although it has been established 
that both kinds of practices are helpful for developing new 
skills, it is still unclear how best to combine them [32]. More 
physical practice is better for skill learning, according to 
studies, as it enables the development of a more precise 
approach for the task [33]. How much observational prac-
tice is ideal for learning surgical techniques, nevertheless, is 
presently unclear. While some studies have found no differ-
ence between numerous observations and one, others have 

suggested that multiple observations may be more useful 
[34, 35]. Depending on the hardness of the task being learnt, 
the ideal number of observational practices may differ.

Learning results can also be impacted by the structure 
of practice sessions in addition to their frequency. It has 
been observed that doing a range of tasks during physi-
cal practice, as opposed to concentrating on one task at a 
time, might improve learning retention and applicability 
[36, 37]. This type of effect is termed as contextual inter-
ference effect [38]. Variable practice schedules, wherein 
the students are introduced to a variety of models and 
activities in a random order, can also be beneficial for 
observational practice.

Although physical practice is essential for the efficient 
acquisition of motor skills, observational practice has 
its advantages as well. In fact, when physical practice is 
added after observational practice, the advantages are 
frequently maximized. This can be observed in the sports 
literatures that the best method for learning how to serve a 
shuttle in badminton is a combination of physical practice 
and observation [39].

Overall, it seems that a combination of physical and 
observational practice may be the most effective way to learn 
motor skills for surgery. Physical practice is necessary to 
implement the motor plan developed through observation, 
while observational practice can provide a blueprint of the 
task and help learners develop error detection and correction 
mechanisms [40].

Conclusion

Observing someone else perform a task creates a mental 
representation or blueprint that helps the observer recre-
ate the movement. Observational learning is particularly 
useful when it is used in combination with physical prac-
tice, as it can provide hints and clues about important 
aspects of the task that may not be immediately apparent 
through verbal instruction alone. Observational learning 
can be used in the context of surgical training to enhance 
learning in several crucial areas, including the creation of 
efficient information-gathering methods, the acquisition 
of task-specific knowledge, the learning of better skills 
like judgement, anticipation, and the improvement of 
motor control. Absolutely relying on observational learn-
ing may not suffice for performing complex surgeries, 
particularly those involving minimal access techniques. 
While observational learning can be beneficial for some 
surgical procedures, it may not provide the necessary 
proficiency for more intricate surgeries. The structure 
and number of observed procedures, the traits of the 
expert executing the task, the mechanisms of feedback, 
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attentiveness, and the visual information presented are 
all elements that can affect the effectiveness of obser-
vational learning. There is also evidence that a mixture 
of expert and novice models may be most beneficial for 
learning, as it allows for the development of error detec-
tion and correction mechanisms. Attention to key infor-
mation and the use of feedback can also enhance learning 
through observation. Overall, observational learning is 
a valuable tool in the training of skilled performance in 
various tasks, including surgical procedures.
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