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1 Background

It can be argued that the concept of bioengineering began when Alexis Car-
rel and Charles Lindbergh published “The Culture of Organs” in 1938, which
described the equipment and methods which made the in vitro maintenance
of organs possible. The final chapter of the book mentions an ‘ultimate goal’
which suggests increasing the speed of healing wounds. From its conception
in the 1980s to present day, scientists and medical researchers alike have been
investigating the exciting prospects three-dimensional printing offers to the
field of Medicine. Over the course of three decades, advances in this techno-
logy have led to several famous milestones; in the process spawning the term
‘bioprinting’. In contemporary medicine, bioprinting is beginning to play a
role in regenerative medicine and clinical research by providing scientists wi-
th the ability to build tissue-engineering scaffolds, prosthetic limbs and even
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1. Background

It can be argued that the concept of bioengineering began
when Alexis Carrel and Charles Lindbergh published “The

Culture of Organs” in 1938, which described the equipment
and methods which made the in vitro maintenance of organs
possible. The final chapter of the book mentions an ‘ultimate
goal’ which suggests increasing the speed of healing wounds.
From its conception in the 1980s to present day, scientists
and medical researchers alike have been investigating the ex-
citing prospects three-dimensional printing offers to the field
of Medicine. Over the course of three decades, advances in
this technology have led to several famous milestones; in the
process spawning the term ‘bioprinting’. In contemporary
medicine, bioprinting is beginning to play a role in regener-
ative medicine and clinical research by providing scientists
with the ability to build tissue-engineering scaffolds, pros-
thetic limbs and even functioning kidneys. One of the earliest
cases of bioprinting made international headlines in 1999,
when the world’s first 3D printed collagen scaffold was used
for bladder augmentations in dogs. Then in 2009, researchers
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Dr Paquita De Zulueta is a GP from London who has
volunteered for Doctors of the World, lectured at Imperial
College London and completed a Masters in Medical Ethics
and Law. She is also a qualified CBT practitioner, coach,
and mentor for doctors and dentists.

I met her at a conference while at medical school. We
discussed our experiences and shared ideas about learning
medicine, at the conference and on subsequent occasions.
She shared a number of great insights, such as the impact of
comfort zones on learning and the benefits of observation in
medicine. One recurring theme was the benefit of reflection
and self-awareness and ways to facilitate them.

1. Comfort, Panic and Learning Medicine

Paquita was thrown into the deep end as a final year medical
student, while working as a locum foundation year doctor
(“house officer” in those days). On one occasion, she
witnessed a death on the operating table and was entrusted
with breaking the bad news to the family. She still vividly
recalls the neurosurgical operation, which involved the
clipping of a berry aneurysm:

“There was an awful moment once he’d opened the
skull and put on the clip. It felt as if time was standing
still – I felt a sense of impending doom. The clip didn’t
quite go around the aneurysm and seconds later there was a
surge of blood and that was it. The patient’s pupils became
fixed and dilated. She had died. The surgeon threw his
instruments on the ground, took off his gown and sat down
with his head in his hands.”

Paquita and the Senior Registrar were left to close up
the wound. She was later asked to certify the death, which
she did not know how to do, as well as break the bad news
to the family, for which she had no training. Paquita said
the whole experience “made me grow up pretty quickly”
and she was grateful for the support she received after-
wards.

From my own experience of medical training, there are
times when I have felt out of my depth and others where I

have been frustrated at not being given responsibility. Be-
ing pushed outside of your comfort zone is necessary to
progress, both personally and professionally, but it can also
increase the risk of making mistakes. In many professions,
mistakes may be permissible. In medicine, however, the po-
tential consequences can be high. Ultimately, this means it
is even more important to find the balance between support
and responsibility.

Various theoretical models describe features of the de-
sirable mid-point. Senninger’s Learning Zone Model cat-
egorises experiences into three zones; the Comfort Zone,
the Panic Zone and an intermediary Learning Zone (Figure
1). The Learning Zone is optimal, but the other two zones
can often be confused for it. Repeated practice of familiar
tasks can feel like learning but actually falls in the Comfort
Zone and does little to expand skills and abilities. Being
thrown into the deep end may feel necessary for learning,
but if it is overwhelming and leads to a loss of focus, then
it falls into the Panic Zone.

Csikszentmihalyi’s concept of ‘flow’ has significant
overlap with this model (Figure 2). It describes an optimal
psychological state, involving immersion and concentrated
focus on a task, when a task challenges someone at the
right level for their current skill.

In an ideal world, we would exert conscious control
over the zone that medical professionals experience in their
training. While there is scope to do so, the chaotic and un-
predictable nature of healthcare can make this challenging.

So perhaps we should look to other ways to increase
the benefits or reduce the negative consequences of these
experiences. One thing that we can do is maximise the
amount the we learn from difficult experiences. Research
has shown that one important factor is the opportunity
for supported reflection[1]. For some, this type of active
reflection can come naturally, but evidence suggests that
for the majority it does not[2]. Therefore, there is benefit
from fostering an environment where medical students and
doctors are encouraged to reflect on their experiences[3].
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Figure 1. Senninger‘s Learning Zone Model

2. Learning Through Observation

Paquita explained how the most important things she learnt
didn’t come from any textbook, but through active obser-
vation; of positive and negative role models, as well as of
patients.

As a house officer, Paquita worked under Adrian Ed-
dleston, who later became Dean of King’s College School
of Medicine. She observed how he combined an excellent
questioning style, often getting to the bottom of things very
quickly, with a respectful approach that gave patients the
freedom to tell their stories. She also found his habit of
always looking at patient’s notes before seeing them, and
showing an interest and knowledge about their lives, helped
to quickly build rapport and facilitate diagnosis.

She advised me: “Find a good role model. Observe
them; what is it that they say? What is it that they do? Little
things can make a huge difference. Also notice doctors
that make you think ‘I never want to be like that’ - What
is it that they said and did which had a negative impact on
patients?”

Thinking back to me own experiences, I have cer-
tainly observed both good and bad practice. Three pat-
terns of modelling have been described in professional
socialisation[4]:

- Active identification, where a student likes and copies
aspects of a role model

- Active rejection, where a student has strongly dif-
ferent views from the role model and does not want to
replicate them

- Inactive orientation, where a student shows no change
as a result of interaction with the role model

The spectrum of things that can be learnt through obser-
vation is broad. Some of the most obvious influences are on

Figure 2. “Flow” concept by Csikszentmihalyi

professional behaviours, the development of professional
identity, and the shaping of career aspirations[5]. One
study showed that observing a competent colleague per-
form physical examinations led to significant improvement
in performance[6].

However, studies have also noted that imitation may per-
petuate undesirable practices, such as doctor-centered pa-
tient interviewing, and unintended institutional norms, such
as discrimination between private and public patients[7].
Simon Sinclair is a psychiatrist and anthropologist who
spent a year observing a group of medical students. One
thing he noticed was that students, through observation,
learnt an aversion to investigating patients’ social and psy-
chological problems [8].

There will be cases where the positive traits of role
models that we wish to emulate are obvious. Likewise,
there will be traits in strong anti-models that we know
we want to avoid. However, there are many traits which
fall somewhere between these poles, which I shall term
‘middle models’. It can be easy to assume we are not
picking up anything from middle models (i.e. assume
inactive orientation) but this may not always be the case.
It can be easy to subtly internalise ideals that we may not
otherwise consciously choose to adopt in this way.

Our ability to prevent these undesirable traits and atti-
tudes creeping into our practise depends on our levels of
awareness. Two levels of self-awareness that have been
described are the personal level (where we analyse our
own strengths and weaknesses) and the institutional level
(where we look at the impact of the institutional culture)[9].
One way in which we can raise self-awareness is active
self-reflection.

On the subject of observing patients, Paquita advised
the following: “Observe like a detective - you can gain a
huge amount from their expression, posture, gait, breathing,
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and other nonverbal signs. For example, you can pick up a
chest problem by noticing uneven breathing or depression
by the lowered gaze and the slumped posture.”

3. Reflection
One central idea that my discussion with Paquita high-
lighted was the benefits of self-awareness and reflection.
This may be dismissed all too quickly as a dull topic, but it
is one I feel is important. It can be easy to lose the value of
reflection in mandatory e-portfolios and compulsory case-
based discussions. As we hastily complete the proforma
between jobs on the ward, or spend our time ‘reflecting’
the day before a deadline, when we would much rather
be doing something else, it can be difficult to conclude
anything meaningful. Nevertheless, the reality is that re-
flection can offer great rewards, whether helping us learn
from experiences outside our comfort zones, consciously
selecting the traits we pick up from role models or a wide
range of other situations.

There are many models of reflection, from Kolb’s[10]
to Johns’[11] to Gibb’s[12] respective models of reflec-
tion. I personally like to follow the simple two question
approach, asking myself: “what went well?” and “even
better if...?” approach (informally known as the ‘WWW
and EBI’ tool).

It is easy to get caught up in daily goings-on at work or
home, the latest news or happenings on social media. It is
also easy to leave it until the last minute to force a ‘reflec-
tion’ and tick the necessary boxes. The real benefit comes
when reflection becomes a spontaneous and thoughtful
habit for no-one’s benefit except our own and the patients
we will treat.
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