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Abstract
Drawing can be a useful tool to elicit student thinking and is a widely-used method for
communicating scientiﬁc ideas. The task of drawing requires students to identify and recall
necessary pieces of information they assimilated over a period of time and construct a mental
model. However, millennial generation learners, owing to their immersion in 3D technologies,
lack interest in practicing and learning from diagrams. This impairs learning and retention of
visually-oriented subjects. In this perspective, we reflect on the cognitive and metacognitive
processes associated with drawing to emphasize the important role of drawing in present day
anatomy education.
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Drawing and anatomy: a relationship across centuries
The link between the art of drawing and anatomy
education can be elucidated from the historical record,
such as paintings. Subsequently, anatomy education
involved dual channels which had complementary
effects in reinforcing anatomical knowledge. Students
dissected cadavers to ‘feel’ the structures and anatomists
used “blackboard” drawings to depict those structures.
Owing to a paucity of illustrations, students used to
copy the diagrams sequentially, and, in the process,
mentally envisaged the anatomical planes traversed by the
structures. The task of drawing require students to identify
and recall the necessary pieces of information they had
assimilated over a period of time and then construct a
‘mental model’.1 This mental model was translated into a
manual task (drawing by hand), which was a constructed
response that indirectly reflected the student’s knowledge.2
Existing curricula, at the present time, requires students to
communicate their content understanding via theoretical
and pictorial representations. Pictorial representations,
particularly diagrams, are considered a valid and simple

tool for assessing student knowledge and student ability
to communicate scientific ideas. As an aid to swift
assessment, examiners in classes with high enrolments
often opt to assess answer sheets based upon the diagrams
per se.
Why have millennial generation students lost interest
in drawing?
Students from the millennial generation – millennial
learners – are accustomed to interactive and engaging
learning materials from their childhood. With significant
advances in software and technology, millennial learners
have high standards and expectations of how content is
presented. In addition, the need to cover a great deal of
information in a classroom coupled with a lack of optimal
logistics in classrooms as well as fear of being deemed
‘out of date’ requires faculty to adopt newer teachinglearning methodologies. On one hand, animation-based
pedagogies, adopted by many faculty currently, help
students understand some difficult concepts and expose
them to ‘realistic’ models. On the other hand, the large
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amount of information offered in these pedagogies3 can
overload students, which hampers integration into an
effective mental model. Furthermore, students have been
observed to have difficulty in translating information
received in 3D via animations and videos in classroom into
diagrams, which are a 2D representation, that is, limited
in spatiality.4 This has resulted in gradual impairment in
absorbing and reproducing visually-oriented subjects,
such as anatomy. A study conducted among students in
three different academic years concluded that the action
of drawing in and of itself can improve musculoskeletal
anatomy comprehension in students.5
Cognitive principles pertaining to drawing skills
Mayer6 postulated that live drawing enables a student
to engage both in terms of the psychomotor component
via usage of their hands to draw structures, but also the
cognitive component by anticipating and constructing
the next structure to be drawn (self-explanation). We
feel that the absence of this learner engagement in a dual
sense may have resulted in the reduction of drawing
abilities in millennial learners. Secondly, metacognitive
abilities such as self-monitoring, which involves error
detection, rectification of errors, and organization of
knowledge7, are honed by drawing, which leads to deep
learning and an improvement in long term memory. In
contrast to drawing, where temporal development of a
complex structure takes place, multimedia learning offers
a predetermined schema, thereby limiting opportunities
for critical thinking by novice learners. The complexity
behind learning drawing can be understood by analysing
the interconnections of ideation and practice. Generative
theory8 postulates that drawing requires the internalisation
of verbal text by assimilating the knowledge gained.
Naug et al9 postulated that drawing plays a crucial role
in fostering metacognitive processes while students
absorb new information sequentially and, owing to this
fact, formative learning can be better assessed using
drawings.10,11
Lyon et al12 found that in collaborative drawing
sessions, students gained confidence and interest in
exploring the strengths and weakness of their partners’
drawings. Metacognitive learning outcomes gained from
collaborative practices include the honing of observation
skills, continual critical analysis of what they see, and
appreciation of differential approaches to the same task.
After participating in various sessions, students were
aware of learning shifts and could make use of learning
gains of the module in other settings.
How does a student learn to draw?
Anatomical drawing, in its broad spectrum, ranges from
copying a schematic representation to sketching threedimensional observations in a simpler way. For example,
drawing the brachial plexus schematically and drawing
histological images by observing under microscope are

examples of the range anatomical drawing can encompass.
The highest degree, which requires portrayal of an
abstract scientific phenomenon, is not usually expected
from undergraduate students.13 But even the simpler
forms require co-ordination and comprehension, which
eventually enhance the motivation to learn.13
Juxtaposing the anatomy drawing skills with Dave’s
psychomotor taxonomy,14 we can find that learning it
travels in a trajectory: imitation, manipulation, precision,
articulation, and naturalization. In the first step, the
student visualises the image and copies it. Next, the
student reads the instructions and attempts to perform
certain actions. In due course, the learned actions become
more refined and achieve higher levels of precision. We
can deem a student to be competent in drawing when
achieving this level. The last two levels, articulation, which
involves combining of artistic skills resulting in a complex
format, and naturalization, which involves the highest
level of performance, are levels which can be expected
from talented, artistically gifted students.
Limitations for inculcating drawing skills in present
day classrooms
While comparing a ‘line by line’ anatomical diagram with
its corresponding 3-D image, it is essential to consider the
impact of the “imagination effect.” Constructing a mental
image is a complex process which involves adding one part
to another, often overlaying these parts, and can be aided
by diagrams.15 On the other hand, reviewing the mental
image for comparison purposes (as in histology) involves
activation of the entire image and this can be better
provided through a multimedia image.15 With the decrease
in time available for the anatomy curriculum, as well as
wide availability of high quality multimedia images, it is
natural for students to opt for storing and reactivating the
pre-formed whole image rather than a time-consuming
diagram alternative. This can be presumably corroborated
with the decrease in the ability to draw among millennial
learners.
It should also be mentioned that the ability to draw
should not be considered as a standalone parameter for
evaluating the knowledge or intellect of a student, as
subsets of students with altered learning style preferences
might have difficulty in recreating diagrams. Borrelli et
al16 proposed anatomy drawing workshops as a model for
teaching anatomy. The participants in those workshops
perceived that lack of time and inadequate skill were the
biggest constraints for drawing anatomy.
Conclusion
In conclusion, drawing, which is slowly losing its exigency
among millennial generation students, has its own
credentials in fostering deep learning and long-term
memory. Although a classroom of millennial learners is
said to lack the patience to observe and assimilate live
drawing-oriented teaching, attempts should be made to
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Box 1. Salient Points
1.

2.

3.
4.

Drawing skills require students to identify and assimilate
necessary pieces of information which students receive over
time. This “mental model” helps to analyse a snapshot of
student’s perceived knowledge.
Millennial generation students have difficulty in translating
3D information via animation-based portrayals compared
to 2D representations of diagrams.
Teachers should understand the cognitive and metacognitive underpinnings of drawing skills.
Students usually ascend the psychomotor ladder while
learning drawing; however, only a subset of students reach
the pinnacle.

5.

6.
7.

8.

help students realize the importance of drawing. In fact,
diagrams, apart from being a mode for communicating
learned content, can help students to transit different
levels of abstraction, which is one of the ultimate aims of
anatomy education (Box 1).

9.

Ethical approval
Not applicable.

10.

Competing interests
The authors declare that there is no conflict of interest.

11.

Authors’ Contributions
DK has defined the concept, done literature search and designed
the manuscript. RP has contributed towards manuscript
preparation, edited and helped in terms of technical inputs.

12.

References
1. Quillin K, Thomas S. Drawing-to-learn: a framework for
using drawings to promote model-based reasoning in
biology. CBE Life Sci Educ. 2015;14(1):es2. doi: 10.1187/
cbe.14-08-0128.
2. Van Meter P, Garner J. The promise and practice of learnergenerated drawing: Literature review and synthesis. Educ
Psychol Rev. 2005;17(4):285-325. doi: 10.1007/s10648-0058136-3.
3. Chabrier R, Janke C. The comeback of hand drawing in
modern life sciences. Nat Rev Mol Cell Biol. 2018;19(3):1378. doi: 10.1038/nrm.2017.126.
4. Dinesh Kumar V, Rajprasath R, Bhavani Prasad G, Nim VK.
Catering what they need – a self-reported percipience of the
teaching-learning methodologies in anatomy by first year
medical students. Int J Anat Res. 2017;5(2-3):3905-12. doi:
10.16965/ijar.2017.217.

60

Res Dev Med Educ, 2019, 8(1), 58-60

13.
14.
15.

16.

Joewono M, Karmaya INM, Wirata G, Yuliana, Widianti
IGA, Wardana ING. Drawing method can improve
musculoskeletal anatomy comprehension in medical
faculty student. Anat Cell Biol. 2018;51(1):14-8. doi:
10.5115/acb.2018.51.1.14.
Mayer RE. Multimedia learning. 2nd ed. New York, NY:
Cambridge University Press; 2009:318.
Van Meter P, Aleksic M, Schwartz A, Garner J. Learnergenerated drawing as a strategy for learning from content
area text. Contemp Educ Psychol. 2006;31(2):142-66. doi:
10.1016/j.cedpsych.2005.04.001.
Van Meter P, Firetto CM. Cognitive model of drawing
construction: Learning through the construction of
drawings. In: Schraw G, McCrudden MT, Robinson D, eds.
Learning through visual displays. 1st ed. Charlotte, NC:
Information Age Publishing Inc; 2013. p. 247-79.
Naug HL, Colson NJ, Donner DG. Promoting metacognition
in first year anatomy laboratories using plasticine modeling
and drawing activities: a pilot study of the “blank page”
technique. Anat Sci Educ. 2011;4(4):231-4. doi: 10.1002/
ase.228.
Ranaweera SP, Montplaisir LM. Students’ illustrations of the
human nervous system as a formative assessment tool. Anat
Sci Educ. 2010;3(5):227-33. doi: 10.1002/ase.162.
Slominski TN, Momsen JL, Montplaisir LM. Drawing on
student knowledge of neuroanatomy and neurophysiology.
Adv Physiol Educ. 2017;41(2):212-21. doi: 10.1152/
advan.00129.2016.
Lyon P, Letschka P, Ainsworth T, Haq I. An exploratory
study of the potential learning benefits for medical students
in collaborative drawing: creativity, reflection and ‘critical
looking’. BMC Med Educ. 2013;13:86. doi: 10.1186/14726920-13-86.
Ainsworth S, Prain V, Tytler R. Science education. Drawing
to learn in science. Science. 2011;333(6046):1096-7. doi:
10.1126/science.1204153.
Dave RH. Psychomotor levels in Developing and Writing
Behavioral Objectives. Tucson, Arizona: Educational
Innovators Press; 1970. p. 20-1.
Denis M. Assessing the symbolic distance effect in mental
images constructed from verbal descriptions: a study
of individual differences in the mental comparison of
distances. Acta Psychol (Amst). 2008;127(1):197-210. doi:
10.1016/j.actpsy.2007.05.006.
Borrelli MR, Leung B, Morgan MCB, Saxena S, Hunter
A. Should drawing be incorporated into the teaching of
anatomy? J Contemp Med Educ. 2018;6(2):34-48. doi:
10.5455/jcme.20180411105347.

