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A B S T R A C T

Medical education is a complex interplay between teacher and trainee with the ultimate goal of producing
competent physicians who provide excellent patient care. Physician education has evolved over centuries, from
the apprenticeship of barber-surgeon through generations of bedside teachers and now evolving use of tech-
nology based instruction. All of these educational practices are based on expert assessment of effective tech-
niques for imparting experience and knowledge to a new group of learners, the young doctor. In the past several
decades, exponential growth in both medical innovation and technology development has occurred, leaving the
current landscape of medical education with a substantial amount of medical data as well as innovative plat-
forms for information access and distribution. These rapid changes have led to stark differences between medical
educators and learners in their world views and preferences relating to teaching and learning. Therefore, un-
derstanding how the current generation of medical trainees perceives the world, accesses and retains informa-
tion is imperative to effective education. The concept of generational learning can be used as a framework to
identify teaching and learning preferences and help build relevant and effective educational content. This review
article aims to outline our current understanding of generational characteristics, learning styles, and preferences.
Using this framework, we will explore innovative educational content relevant to pediatric cardiology. Finally,
we propose that a methodical approach to curriculum development will forge this generational gap and lead to
even more effective and sharable educational content within our field.

1. Introduction

From a historical perspective, we have come far in medical educa-
tion from the apprenticeship of barber-surgeons to the auditorium
classroom setting with limited patient contact to residencies and fel-
lowships with combined didactics, apprenticeship, bedside teaching,
and experiential learning. In the current era, educating medical trainees
is an interplay between teacher and learner, allowing expertise to be
passed from one to the other in a manner that promotes retention. As
important as the content is the method by which that content is de-
livered. Effective education promotes a change in learner behavior and
ultimately improves patient care [1]. The key to success for educators in
any profession is to understand the learner. While individuals can have
different learning preferences and styles [2], generational character-
istics provide shared attitudes and core values that are common to a
group of medical trainees. Understanding these generational char-
acteristics can help educators choose instructive methods tailored to
their audience.

2. Generational learning

The concept of generational segmentation originated in the business
world, allowing marketing teams to understand consumer preferences
in order to better sell products [3]. Characterizing a generation of peers
is not an exact science and relies on the premise that peer groups, born
within a 15–20 year time span, have similar attitudes, core values, and
views on family and work-life integration. In addition, they share
common teaching and learning styles that are shaped by common ex-
periences. The current generation of pediatric cardiology fellows is
mostly comprised of individuals born between 1981 and 1995, known
as Generation “Y” or the Millennial Generation. This generation's
childhood experience was shaped by a time of exceptional wealth in the
United States, a more guarded school and society experience with more
adult supervision than previous generations, and unique methods of
personal interaction [4,5]. During their childhood, the world also saw
exponential growth in technology and connectivity, making them
technologically fluent and even dependent on technology as a preferred
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method of communication [4]. At the same time, Generation Y grew up
in a time of commonplace school violence, September 11th and other
threats of terrorism, globalization, and ultimately a severe economic
recession [6]. Common characteristics of the Millennial Generation
include optimism, the desire for frequent feedback, collaborative
learning and engagement, and technical sophistication. As a group, they
have been described as entitled and empowered, partially due to their
being included in decision-making at an early age and having care-
takers who gave them praise without qualification [4,7]. In a work
environment, they prefer group interaction and hands-on experience;
they enjoy trial and error over reading and sitting in typical classroom
style didactic lectures [8,9]. This generation values creativity, close
relationships with authority figures, and peer interaction. They are
generally innovative thinkers [6].

Generation Z, individuals born between 1996 and 2012, are the
rising generation of learners, now entering the medical education
system. While they share some overlapping characteristics with
Generation Y, they also have some unique attributes. They were quite
young or not born for the September 11th bombings but they lived
through the after-effects including global terrorism and ongoing wars.
They experienced natural disasters and associated looming concerns
about climate change, school violence, identity theft, online hacking,
and bullying [10]. They are digital natives, being the first generation to
have always had social networking and having been raised knowing
how to use technology.

Generation Z values diversity, advocates for social justice and have
a desire to please. They can be insecure in their in-person interactions
because they have interfaced with technology for much of their lives.
Along with Generation Y, they value the use of technology, teamwork,
on-the-job learning with frequent feedback in the learning environ-
ment. They are accustomed to close relationships with authority figures
and value work-life integration. Unique learning preferences for
Generation Z include the desire for a more “customized” experience
with the expectation of on-demand information and 24/7 access to
educators. They tend to procrastinate and do not value course work that
they view as irrelevant [10–12].. Overall, they are collaborative by
nature and thought to be good problem solvers.

3. Generation gap

The majority of medical educators in the current workforce belong
to either the Baby Boomer generation (born 1946–1964) or Generation
X (born 1965–1980). As with Generation Y and Z, these groups have
had unique life experiences that have shaped common characteristics
and learning preferences. Baby Boomers' formative years saw the
Vietnam War, civil rights movement, and overall prosperity. Boomers
are generally described as physically fit, hardworking, independent,
and resourceful with a competitive drive. They are also resistant to
change and often not technically-savvy. Generation X's upbringing was
marked by the advent of the personal computer, cable television, HIV,
and women's rights. Generation X has an increased comfort with
technology and are described as independent, adaptable, and some-
times impatient.

Differences in life experiences between teacher and learner can
forge a generation expectation gap, with each party perceiving that
they hold the best or only way to accomplish goals [14]. Navigating this
generation gap is most successful if the educator understands their own
biases and can appreciate the perspective of the current generation of
learners. Experienced physicians have important knowledge and ex-
pertise to impart to a new generation of physicians, thus prioritizing
effective educational tools that are tailored to today's medical learners
is key to making this interaction successful. Summary of generational
characteristics and learning preferences is seen in Table 1 [13]. Tech-
niques for effective engagement of Generation Y and Z include framing
the importance and relevance of aspects of medical knowledge, keeping
teaching fast-paced and relevant, using technology, and integrating Ta
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hands-on learning [14].
The current generation of trainees would benefit from being open to

teaching strategies that have proven effective over decades. For ex-
ample, accruement of knowledge and expertise in complex decision-
making should be observed, valued, and emulated. Role modeling is a
fundamental technique in medical education and exemplifies a tradi-
tional teaching practice with sustained importance. Furthermore, trai-
nees should be cognizant that the use of technology in some educational
settings can have negative implications with the learner being per-
ceived as rude and disengaged by the educator. The generational ex-
pectation gap requires an understanding by both parties involved in the
teaching/learning unit. Verbalizing clear expectations surrounding the
appropriate use of technology can help avoid misunderstandings be-
tween teachers and the current generation of trainees.

4. Customizing our learning environment

While we should be careful about stereotyping individual learners,
understanding shared experiences and learning preferences can help
curriculum development by planning academic infrastructure and
personnel required to support contemporary learning [14]. Through
faculty development, educators can be equipped with the skills to ac-
tively engage a new generation of learners. Many of the learning pre-
ferences of Generations Y and Z lend themselves to increased use of
technology in medical education. Predilection for interactive learning
and dislike of traditional didactic lectures lends itself to online learning
with interactive elements. Online learning has the advantage of being
asynchronous, providing flexibility to learn on your own schedule, and
allowing for efficient use of trainee time and respect of duty hour re-
quirements. Online elements are easily accessible in today's world, easy
to update and sharable between institutions, with the added benefit of
more efficient use of faculty time. In addition, online technology allows
for interactive elements (gaming/simulation), instant feedback,
tracking of progress, and assessment of skills; all elements that satisfy
the learner and unburden the teacher. While online education will
never replace bedside and clinical instruction in medical education, it
may be complementary or even substitute for traditional lectures.

5. Online education and COVID

The coronavirus pandemic has suddenly and dramatically changed
the landscape of medical education, perhaps permanently. With grad-
uate and post-graduate medical education shifting to more socially
distanced platforms, the use of technology has suddenly become es-
sential. Developing and sustaining high-quality methods of virtual
education has been thrust to the forefront of educational priorities [15].
Pediatric cardiology lends itself to the use of technology in education. It
is relatively easy to share and view images of echocardiograms, cardiac
MRI, or angiograms on a virtual platform. Education during COVID has
also enabled us to reach learners across the globe.

6. Education technology and pediatric cardiology

Educators in our field have been developing and delivering con-
temporary resources to meet the needs of our current generation of
trainees. Although not comprehensive, this section will outline some of
the existing resources in pediatric cardiology education that are widely
available to today's trainee.

Online learning modules are one format which allows didactic
material to take on interactive features and can be coupled with as-
sessment and feedback. This format allows 24/7 access to users and can
provide tracking pre/post testing. Pediatric Echocardiography
(Pedecho.org) is an interactive website created by Texas Children's
Hospital that provides learning modules for the normal transthoracic
and fetal echocardiogram along with atrial and ventricular septal de-
fects [16]. Open Pediatrics is an open access, online community

sponsored by Boston Children's hospital which aims to share best
practices using digital learning technology. They have interactive
content, predominantly related to pediatric intensive care, but includes
learning videos on pediatric cardiology topics. In addition, this website
hosts a live speaker series on a wide variety of topics relevant to pe-
diatric medicine, allowing for real-time question and answer sessions
[17]. Heart University is a website run by Cincinnati Children's Hospital
Medical Center (CCHMC) that provides both pediatric and adult con-
genital heart disease content, primarily online videos of lectures with
some testing capabilities [18]. The Congenital Heart Academy has had a
variety of lecture series from world experts on particular pediatric
cardiology topics with as many as 4000 attendees from around the
world have participated in interactive question/answer sessions [19].
Large national organizations such as the American College of Cardi-
ology and the American Society of Echocardiography have run suc-
cessful virtual platform meetings since the onset of the COVID pan-
demic with interactive sessions and access to experts in the field. In our
own institution, the Children's Hospital of Philadelphia (CHOP), we
have developed online lectures on pediatric cardiology topics in the
CHOP Online Pediatric Education Network [20].

Additional educational technology relevant to pediatric cardiology
learners includes echocardiography simulators and 3D and virtual
reality content. Some pediatric cardiology training programs have
started to use simulation for training of echocardiography skills, espe-
cially in the COVID era, where use of volunteers is prohibited by social
distancing measures. Use of echocardiography simulation has proven to
be effective in both pediatric and adult cardiology training [21–23]. In
addition, virtual reality (VR) has become a new and innovative teaching
tool used by doctors at Stanford University to teach about congenital
heart defects using computer created models [24]. VR has also been
utilized to teach cardiac anatomy from real heart specimens using high
resolution photogrammetry technique to create 3D interactive heart
models that can be viewed online or in virtual reality (Fig. 1) [25]. This
innovative modality, created by a collaboration with CHOP and
CCHMC, may eventually do away with the need for cardiac specimens
and will not be at risk for degradation. VR fits many of the learning
preferences of our current generation of learners, being online, inter-
active with the ability to provide instant feedback and track progress. It
has the additional benefit of being well suited to the three dimension-
ality of our field of congenital heart disease [26].

7. Conclusion

Medical education has gone through many iterations over the cen-
turies. Traditional techniques including bedside teaching, shadowing,
didactics, and clinical rounds will always have a role in medical
training. Technology based education has many advantages in the
current world climate providing universal, asynchronous, easily upda-
table, and sharable content in a format preferred by today's learner. As
contemporary educators, we are compelled to provide content that is
interactive, provides instant feedback, and most importantly, is shown
to be effective by assessment of learner knowledge and application to
patient care. While pediatric cardiologists have made great strides in
reaching our current generation of medical trainees using technology in
education, we have room to grow in incorporating the latest educa-
tional framework to target our rising generation of medical trainees
[27]. Approaching development of new educational content with this
purpose can help frame curriculum development and assessment in a
scientific manner [28]. This is the future of medical education in pe-
diatric cardiology and all other disciplines.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to

L.S. Rogers and M.S. Cohen Progress in Pediatric Cardiology 59 (2020) 101305

3



influence the work reported in this paper.

Acknowledgments

None.

References

[1] Kirkpatrick DL. Evaluating training programs: The four levels. San Francisco, CA:
Berrett-Koehler; 1994.

[2] Mammen JMV, Fischer DR, Anderson A, James LE, Nussbaum MS, Bower RH, et al.
Learning styles very among general surgery residents: analysis of 12 years of data. J
of Surgical Education 2007;64:386–9.

[3] Busari JO. The discourse of generational segmentation and the implications for
postgraduate medical education. Perspect Med Educ 2013;2:340–8.

[4] Nicholas, Arlene, “Preferred learning methods of the millennial generation” (2008).
Faculty and Staff - Articles & Papers. Paper 18. Accessed online: http://
digitalcommons.salve.edu/fac_staff_pub/18.

[5] Nicholas AJ, Lewis JK. Millennial attitudes toward books and EBooks. The
International Journal of the Book 2008;5:81–92.

[6] Eckleberry-Hunt J, Tucciarone J. The challenges and opportunities of teaching
“generation Y”. J Grad Med Educ 2011;3:458–61.

[7] Lipkin NA, Perrymore AJ. Y in the workplace. Frankline Lakes, NJ: Career Press;
2009.

[8] Mangold K. Educating a new generation: teaching baby boomer faculty about mil-
lennial students. Nurse Educ 2007;32:21–3.

[9] Carver L, Candella L. Attaining organization commitment across different genera-
tions of nurses. J Nurs Manag 2008;16:984–91.

[10] Eckleberry-Hunt J, Lick D, Hunt R. Is medical education ready for generation Z? J
Grad Med Educ 2018:378–81.

[11] Kitchin DR, Applegate KE. Learning radiology: a survey investigating radiology
resident use of textbooks, journals, and the internet. Acad Radiol 2007;14:1113–20.

[12] Plochocki JH. Several ways generation Z may shape the medical school landscape. J
Med Educ 2019;6:1–4.

[13] Hopkins L, Hampton BS, Abbott JF, et al. To the point: medical education, tech-
nology, and the millennial learner. Am J Obstet Gynecol 2018;218(2):188–92.

[14] Williams VN, Medina J, Medina A, Clifton S. Bridging the millennial generation
expectation gap: perspectives and strategies for physician and interprofessional

faculty. Am J Med Sci 2017;353:109–15.
[15] Marshall AL, Wolanskyj-Spinner A. COVID-19: challenges and opportunities for

educators and generation Z learners. May Clin Proc 2020;95(6):1135–7.
[16] Kalin J. Pediatric echocardiography. Texas Children's Hospital. Created 2015. www.

pedecho.org Accessed 8.2020.
[17] Burns J and Wolbrink T. Open pediatrics. Boston Children's Hospital. https://www.

openpediatrics.org/. Accessed 8.2020.
[18] Tretter J et al. Heart University. Cincinnati Children's Hospital. Created 2019.

https://www.heartuniversity.org/. Accessed 8.2020.
[19] Multiple Authors. Congenital Heart Academy. Created 2012. https://bit.ly/

congenitalheartacademychannel. Accessed 9.2020.
[20] Quartermain M, O'Connoer M. Dori Y et al. CHOP Open-access Medical Education.

Created 2017. https://www.chop.edu/centers-programs/chop-open-access-
medical-education/pediatric-cardiology-courses. Accessed 8.2020.

[21] Dayton JD, Groves AM, Glickstein JS, Flynn PA. Effectiveness of echocardiography
simulation training for pediatric cardiology fellows in CHD. Cardiol Young
2018;28:611–5.

[22] Platts DG, Humphries J, Burstow DJ, Anderson B, Forshaw T, Scalia GM. The use of
computerized simulators for training of transthoracic and transoesophageal echo-
cardiography. The future of echocardiographic training? [published correction
appears in Heart Lung Circ. 2012 Sep;21(9):606-9]. Heart Lung Circ
2012;21(5):267–74.

[23] Winchester DE, Wokhlu A, Dusaj RS, et al. Simulation-based training of transeso-
phageal echocardiography for cardiology fellows. J Echocardiogr 2017;15:147–9.

[24] Axelrod D. The stanford virtual heart – revolutionizing education on congenital
heart defects. Stanford Children's Hospital. Created 2017. https://www.
stanfordchildrens.org/en/innovation/virtual-reality/stanford-virtual-heart.
Accessed 8.2020.

[25] Rogers LS, Jolley MJ, Chen J, Gosh R, Whitehead K. Featured in an article “image-
based precision medicine”. Photogrammetry co-created by Dr. Ryan Moore,
Cincinnati Children's Hospital. The Children's Hospital of Philadelphia 2020.
https://www.chop.edu/news/image-based-precision-medicine. Accessed 8.2020.

[26] Sacks LD, Axelrod DM. Virtual reality in pediatric cardiology: hype or hope for the
future? Curr Opin Cardiol 2020;35:37–41.

[27] Zackoff MW, Real FJ, Abramson EL, Li STT, Klein MD, Gusic ME. Enhancing edu-
cational scholarship through conceptual frameworks: a challenge and roadmap for
medical educators. Acad Pediatr 2019;19:135-.

[28] Thomas PA, Kern DE, Hughes MT, Chen BY. Curriculum development for medical
education: a six-step approach. Johns Hopkins University Press; 2015. (300 p).

Fig. 1. Three-dimensional digital rendering of heart
specimen created using photogrammetry technology
from actual heart specimen. Specimen shows left
ventricular view of a complete common atrioven-
tricular canal defect. The common atrioventricular
valve has two orifices, an unusual finding with a
large ventricular septal defect. The interactive web-
site allows for point and click explanations of ana-
tomic landmarks.

L.S. Rogers and M.S. Cohen Progress in Pediatric Cardiology 59 (2020) 101305

4

http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0005
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0005
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0010
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0010
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0010
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0015
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0015
http://digitalcommons.salve.edu/fac_staff_pub/18
http://digitalcommons.salve.edu/fac_staff_pub/18
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0020
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0020
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0025
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0025
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0030
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0030
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0035
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0035
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0040
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0040
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0045
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0045
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0050
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0050
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0055
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0055
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0060
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0060
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0065
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0065
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0065
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0070
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0070
https://www.openpediatrics.org/
https://www.openpediatrics.org/
https://www.heartuniversity.org/
https://bit.ly/congenitalheartacademychannel
https://bit.ly/congenitalheartacademychannel
https://www.chop.edu/centers-programs/chop-open-access-medical-education/pediatric-cardiology-courses
https://www.chop.edu/centers-programs/chop-open-access-medical-education/pediatric-cardiology-courses
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0075
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0075
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0075
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0080
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0080
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0080
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0080
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0080
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0085
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0085
https://www.stanfordchildrens.org/en/innovation/virtual-reality/stanford-virtual-heart
https://www.stanfordchildrens.org/en/innovation/virtual-reality/stanford-virtual-heart
https://www.chop.edu/news/image-based-precision-medicine
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0090
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0090
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0095
http://refhub.elsevier.com/S1058-9813(20)30174-0/rf0095

