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ABSTRACT
Managing diagrams for instructional materials especially for lecture is a thought-provoking task 
for educators. Poorly managed diagrams in lecture results in inefficient delivery of lecture content, 
while well-prepared diagrams would capture students’ attention and facilitate their understanding. 
Anatomy is often perceived as a cognitively challenging subject for medical students but having 
adequate anatomy knowledge is indispensable for safe clinical practice. Since lecture is the most 
common method for anatomy teaching in many medical institutions, it is important to design a good 
anatomy diagram that can stimulate three-dimensional visualisation from two-dimensional instruction. 
Techniques of designing and preparing good diagrams can be adopted from an instructional design 
theory that is the cognitive load theory, which describes the occurrence of learning when designed 
instruction is aligned with human cognitive architecture and function. This paper provides a deeper 
insight on effective diagram management and outlines five tips on such endeavour based on the theory. 
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INTRODUCTION

Anatomy has long been regarded as a pillar 
for medical education, whereby adequate 
anatomy knowledge is required for safe 
clinical practice (1). Ever since the major 
medical curricula revamp in the early 20th 
century, teaching and learning in anatomy 
underwent evolution to adapt with the 
changes (2). With reduction of anatomy 
content and teaching hours, cadaveric 
dissection which allows visuospatial 
manipulation of anatomical structures is 
no longer feasible in many medical schools 
(3), and thus anatomy teaching has to rely 

on other forms of visual aids to cater for 
visuospatial learning. There are many tools 
used for visuospatial learning in anatomy 
such as atlas illustration, online diagrams, 
living subjects, anatomy models, prosected 
specimens, radiographic images and 
augmented reality images (4–6). Among 
these visual aids, illustration and diagrams 
are the most commonly used by anatomists 
and medical students for teaching and 
learning anatomical structures respectively, 
as they are easily accessible.

Anatomy diagrams are often used in lecture-
based instruction to facilitate information 
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delivery of anatomy structures and their 
relations (7–8). It is arguable that lecture 
is still the most feasible face-to-face 
method to deliver information to a large 
group of students as it is cost-effective 
and not time consuming (9). In view of 
high criticism on lecturing method for not 
being effective, anatomy educators have 
introduced innovations into their lecturing 
methods to ensure efficient delivery of 
information and achievement of learning 
outcomes. These include incorporating 
evidence-based effective lecturing strategies 
(7–8), implementing flipped classroom 
by combining lectures with e-learning 
activities (9), integrating thought provoking 
facts at the beginning of lectures (10) and 
conducting intra-lecture activities to make 
the lecture interesting (11). Nevertheless, 
these efforts will not be fruitful if anatomy 
diagrams presented in the lecture are 
complicated and unintelligible. The central 
tenet of learning anatomy is to understand 
the anatomical structures, which can be 
achieved only when the learners are able to 
mentally visualise images of the anatomical 
structures. Hence, diagrams in lectures 
should be designed in a manner that can 
facilitate visuospatial learning.

To design an effective diagram for lecture-
based instruction, it is imperative for 
anatomy educators to understand the basic 
structure of human cognitive function. As 
described by the Atkinson-Shiffrin’s three-
stage information processing model of 
human cognition, there are three types of 
human memory, which include a sensory 
memory that receives new information 
from the external environment,  a working 
memory that processes the information 
received form sensory memory, and a long-
term memory that stores the information 
permanently (12). The process of 
information processing in human mind 
begins when the sensory memory receives 
new information from external environment, 
which can be in the form of visual, auditory, 
olfactory, taste or tactile stimulus (13). 
Despite its unlimited storage capacity, the 
sensory memory can hold a vast number 

of stimuli at one time, but within an ultra-
short duration, which is less than one 
second for iconic memory (i.e., sensory 
memory for visual information) (14). 
Therefore, the stimulus must be quickly 
transferred to the working memory as to 
prevent it from decaying (14). Having said 
that, the information transfer process from 
the sensory to working memories requires 
presence of attention focus of the learner. 
When a person is consciously paying 
attention to one visual information out of 
many visual stimuli in his or her sensory 
memory, this visual information will be 
successfully transferred into the working 
memory (15). 

In the working memory, this information 
is processed into an organised form of 
information, known as schema. Unlike 
sensory memory, the processing and 
storage capacity of working memory are 
limited in the sense that it can only receive 
seven plus minus two information at one 
time with an average retention time of 20 
seconds (16). Hence, the schema decays 
if it is not transferred to the long-term 
memory for storage within the limited 
duration. On the other hand, if the schema 
is successful transferred to the long-term 
memory, it will be stored permanently, and 
the learner will experience the feeling of 
being able to understand the information. 
Hence, successful storage of schema by the 
long-term memory marks the occurrence 
of actual learning (17).  These stored 
schemas can be retrieved back into the 
working memory to be incorporated with 
the newly received information from the 
sensory memory for subsequent schema 
construction (18). These forms of retrieved 
stored schema indicate prior knowledge.

With considerable evidence on the capacity 
of human cognitive architecture, many 
efforts were invested by educational 
psychology researchers in an attempt to 
find an efficient way of learning (19). This 
had led to the introduction of the cognitive 
load theory (CLT), an instructional design 
theory that describes the occurrence of 
actual learning when instructional materials 
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are designed in manner that follows how 
the human mind works (20). The CLT 
outlines two types of cognitive loads, which 
are intrinsic and extraneous loads, and 
one cognitive resource, which is known as 
germane load. Intrinsic load refers to the 
complexity of an instruction, whereby it is 
imposed by number of elements present in 
the instruction and the interrelations that 
exist among them (21). For instance, a 
cranial nerve topic that is often perceived 
difficult by medical students imposes higher 
intrinsic load compared to a simple topic 
like anatomy of the tongue. This is because, 
there is more information under the cranial 
nerve topic and this information is linked to 
each other. Hence, a difficult topic is said to 
impose higher intrinsic load to the learner 
compared to a less difficult topic. Likewise, 
intrinsic load also depends on prior 
knowledge of a learner (22). A learner with 
prior knowledge on the presently learned 
subject experiences less intrinsic load than 
those who have no prior knowledge.

On the other hand, extraneous load is the 
unwanted load that can hinder learning 
(21). This load is imposed by poor 
organisation and delivery of instructional 
materials, as well as distraction from the 
external environment (21). An organised 
and well-delivered instruction imposes lower 
extraneous load to the learners compared 
to poorly designed instruction. Likewise, 
distraction imposes high extraneous load 
to learners because the available cognitive 
resources would be utilised to process the 
distraction. To ensure optimal learning, 
total cognitive load (i.e., summation of 
intrinsic and extraneous loads) must not 
exceed the limited capacity of the human 
working memory (21). If it is within the 
capacity of the human working memory, 
there will be adequate remaining cognitive 
resources (i.e., germane load) to process 
the intrinsic load, and thus resulted in the 
occurrence of learning.

The CLT has outlined several empirically 
proven strategies that can help educators 
in managing their students’ intrinsic and 
extraneous loads (23–25). The intrinsic 

load can be managed by using a principle, 
known as the isolated interacting element 
effect. This principle suggests educators to 
chunk information into smaller components 
that are taught in isolation, followed with 
teaching the components together by 
introducing their relationship (24). Besides 
that, intrinsic load can be reduced if the 
learners have some prior knowledge before 
the formal class. In lecture environment, 
this condition could be materialised by 
conducting a pre-lecture activity that 
stimulates or instills prior knowledge of 
the learners (26). Likewise, the CLT 
also outlines several principles to reduce 
extraneous load, which include the modality 
effect, contiguity effect, split attention effect, 
redundancy effect, worked example effect 
and expertise reversal effect (23–25, 27–30). 
Some of these principles are elaborated in 
the following subheadings tips.

TIPS OF DIAGRAM MANAGEMENT

This article aims to provide worked 
examples of effective diagram management 
for lecture-based instruction, either through 
face-to-face mode or online platform. The 
strategies of diagram management that 
are proposed in this article incorporate the 
principles of the CLT, for managing the 
intrinsic load and reducing the extraneous 
load. If the strategies are successfully 
implemented, the total cognitive load of 
learners during lecture could be reduced, 
and therefore promotes learning. There 
are five tips for preparing and presenting 
diagram in lecture, which are: (a) select 
appropriate diagram, (b) include important 
labels only, (c) integrate related text,  
(d) introduce visual cues, and (e) explain 
diagram verbally.

Tip 1: Select Appropriate Diagram

Selecting diagrams, particularly for anatomy 
lecture should be done with caution as to 
ensure the diagram would reflect the actual 
topographic of the learned structure. Three 
important elements of diagram that need to 
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be considered before selecting the diagram 
are size of the diagram, its colour and labels 
that are present in the diagram.

A diagram for lecture-based instruction 
must be appropriately sized. It should be 
sized appropriately so that it will clearly 
reveal the anatomical structures that are 
to be explained. In addition, space in the 
presentation tools (e.g., PowerPoint, Prezi, 
Visme and Scribe) must be reserved for 
related text to appear next to anatomical 
features when necessary. To ensure 
selection of an appropriately sized diagram, 
educators need to have digital skills in 
managing the diagrams. Most of the time, 
the diagrams are retrieved from the Internet, 
hence, skills in managing online diagrams 
such as converting diagrams to JPEG or 
PNG format is important to ensure good 
resolution of diagram when it is displayed. 
Magnifying a small-sized scanned or online 
diagram can result in a blurred image, and 
thus increase the extraneous load of learners.

In addition, coloured anatomy diagram is 
preferred compared to a black and white 
diagram. Coloured anatomy diagrams 
facilitate students’ understanding of 
topographical relationship of structures, 
whereby the learners would be able to 
differentiate the learned structures from 
other related structures, through colours. 

Moreover, coloured anatomy diagrams 
are vibrant and provide significant input 
to attract students’ attention during the 
lecture. Nevertheless, it should be noted 
that the colours of the diagrams must be 
simple, clear and lack of visual shades. The 
colours should not be too bright as they can 
cause vibrating illusion, a form of distraction 
that imposes high extraneous load to the 
learners.

Apart from that, it is crucial to use 
an unlabelled diagram during lecture 
preparation for several reason as follows:  
(a) an unlabelled diagram appears clearer 
and gives more space in the presentation 
slide for other inputs, (b) lecturer is 
free to determine which labels need to 
be shown in the diagram by adding the 
labels manually (i.e., techniques for 
adding labels is described in the next sub-
headings), (c) a heavily labelled diagram 
imposes high extraneous load because the 
extraneous labels which are not required 
for understanding of the instructional 
contents become distractions to the learners. 
When a diagram with labels is retrieved 
from any source, it is important to remove 
the labels by using any digital diagram 
editing application, such as Microsoft 
Paint application. Figure 1 illustrates an 
appropriately sized coloured diagrams 
without label.

Figure 1: Example of a PowerPoint slide illustrating a coloured diagram without labels. The size of the 
diagram is appropriate as there is adequate space to insert text of labels. It is important to note that coloured 

diagram is suitable with white background, hence white background slide is suggested.
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Tip 2: Include Important Labels Only

As mentioned earlier, an anatomical 
diagram with many labels needs to be 
edited before it will be appropriate for use 
in a lecture. It is important to label only the 
structures under discussion, as doing so can 
reduce learners’ extraneous loads. Hence, 
the labels should be aligned with the verbal 

explanation or related text narration of 
the diagram. Labels of structures that are 
not mentioned in the verbal explanation or 
related text narration should be removed, 
even though they are the labels of important 
structures. Figure 2 illustrates the diagram 
that has been labelled accordingly based on 
the related textual narration.

Figure 2: Example of a PowerPoint slide illustrating a diagram that is labelled sufficiently to accommodate 
the text narration. All the structures labelled are mentioned in the text.

Tip 3: Integrate Related Text

Self-explanatory diagrams should be avoided 
when presenting material to novice learners, 
who have been demonstrated to be the least 
intelligible format for inexperienced learners 
when compared to diagrams with textual 
narration, diagrams with verbal explanation, 
and diagrams with both textual narration 
and verbal explanation. If the learners have 
already gained some experience on the 
subject matter, however, self-explanatory 
diagrams can be used, since they have 
been shown to be effective under such 
circumstances. This condition is known as 
the expertise reversal effect of the CLT (30).

Since anatomy is a subject that is often 
taught to the pre-clinical year students, 
who are novices in anatomy knowledge, 

presentation of diagrams should be 
accompanied with textual narration and 
verbal explanation. Textual narration should 
be concise and follow the “seven plus minus 
two” rules of human working memory (31). 
Nevertheless, it is arguable that the human 
working memory can only process three to 
five chunks of information at one time (16). 
Hence, it is advisable that the number of 
information contained in the text narration 
should be limited within the range between 
three to five, considering diagram is also a 
visual information that needs to be captured 
by human memory. In addition, the textual 
narration should not be wordy. It should 
be written using San-Serif font (i.e., Arial, 
Calibri, Tahoma and Halvetica), which 
appears clearer when displayed on digital 
screens compared to Serif font (i.e., Times 
New Roman, Bookman Old Style, Cambria 
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and Georgia). The font size of the textual 
narration should not be less than 22-point 
size. 

Moreover, it is important to note that 
textual narration should be placed in the 
same presentation slide as suggested by the 
spatial contiguity effect of the CLT. This 
principle describes optimisation of learning 
when two related visual information (i.e., 
diagrams and textual narration) is placed 
near to each other (29). This technique 
aims to prevent the split attention effect that 
increases the extraneous load of learners, as 
they have to split their attention into two 
related information if these information are 
spatially presented (28). Figure 2 illustrates 
an example on how to write a textual 
material.

Tip 4: Introduce Visual Cues

Incorporating visual cues and signals into 
the diagram can help learners to capture and 
focus their attention on important pictorial 
information. For example, a lecturer can 

use arrows, circles or animation to draw 
learners’ attention towards a certain part 
of the diagram. Labels of the structures 
can be made animated (i.e., labels appear 
with mouse click) to synchronise the 
learners’ attention with verbal explanation. 
Moreover, when designed and planned 
properly, these cues and signals can enhance 
learners’ understanding of a complex and 
lengthy instructions, but precaution should 
be taken to avoid element overcrowding 
in any given slide. For instance, if a slide 
includes too many cues or animation, it will 
distract rather than guide the learners, thus 
hampering learning. The technique of using 
visual cues fulfils a principle of cognitive 
theory of multimedia learning (CTML), 
known as signalling principle (32). It 
describes that with the use of visual cues, the 
learners’ attention will be directed towards 
essential material for schema acquisition 
and construction (33, 34). This indirectly 
reduces extraneous cognitive processing of 
the learners (32). Figures 3 and 4 illustrate 
the use of visual cues in anatomy diagrams.

Figure 3: Visual cues in the forms of red circles, arrows and numbers are used to guide learners on the 
sequence of information presentation.
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Figure 4: These four different presentation slides illustrate the use of animated labels in anatomy diagrams. 
At the beginning of the diagram presentation, there is no label shown (Slide A). Each label was made visible 

one at a time (Slides B, C and D), aligning with lecturer’s verbal explanation.

Tip 5: Explain Diagram Verbally

The final step of diagram management is 
to present the diagram verbally by using 
own words. As mentioned earlier, anatomy 
diagram of lecture-based instruction should 
not be self-explanatory, as the pre-clinical 
year medical students are mostly novices. 
Although textual materials are presented 
with the diagram in a same presentation 
slide, it is important to highlight that reading 
from the text is not advisable. According 
to the CLT, concurrent presentation of 
both words and pictures that are presented 
verbally would simultaneously stimulate the 
visual and auditory centres of the learner’s 
working memory (35). Hence, the working 
memory resources are being optimised. 
This condition is known as the temporal 
contiguity effect of the CLT. Reading 
verbatim from the slides would increase 
learners’ cognitive load as the students 
will only use their visual centre, as the 
lecturer’s voice is being perceived as a noise, 
and thus eventually would result in visual 
centre overload. This condition is known 

as redundancy effect and would increase 
learners extraneous load during lecture (27).

CONCLUSION

Managing diagram for lecture-based 
instruction is important especially for 
difficult subject like anatomy that requires 
3-dimensional visualisation and visuaspatial 
learning. Application of the CLT in 
diagram management would provide extra 
credential to the lecturing process, due 
to various factors. First, CLT is based on 
human cognition framework, which from 
that basis, it outlines emprically-proven 
teaching strategies for effective learning 
to occur. Second, the CLT principles 
prevent information overload, which is a 
common situation during lecture. Third, 
the CLT principles minimise wasted mental 
resources as they cater more for reduction 
of extraneous rather than intrinsic loads. 
The wasted mental resources are not only 
minimised but are put to work for the 
purposes of information processing, and 
therefore lead to faster and better learning. 
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Fourth, the CLT principles are universal 
and practical. Although this paper focusses 
on diagram management for lecture-based 
instruction in anatomy, the same principles 
can be applied to other form of instruction – 
such as in e-learning or massive open online 
course – and disciplines. The five tips of 
diagram management outlined in this paper 
are doable and practical. If properly applied, 
the diagram presentation during lecture will 
be interactive and enhance the students’ 
understanding of the learned topic.
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