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Abstract
Analogies are useful pedagogical tools to introduce new and difficult concepts to students by building connections to familiar 
things from our daily life.  Research has shown that applying analogies during the learning process facilitates the development 
of higher order thinking.  In this article, we present a number of analogies that have been included in several science courses, 
including anatomy and physiology and clinical chemistry, in undergraduate nursing science education. We also evaluated student 
perspectives on the ability of these analogies to enhance student understanding of difficult concepts.  A total of 53 analogies 
were organized into structural and functional categories and a survey explored student feedback on them.  A total of 131 first-
year and second-year students completed the survey.  More than 70% of the students indicated that these analogies were useful 
in understanding the anatomical structures and physiological functions.  Over 60% of students applied these analogies while 
studying. Eighty-eight percent of students found that analogies were engaging and made the lecture more enjoyable.  We 
conclude that well-structured and purposeful analogies have positive impact on students’ learning of science courses during 
undergraduate nursing studies.  https://doi.org/10.21692/haps.2021.003
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Introduction
Analogy has been defined as a comparison based on some 
form of similarity between an unfamiliar and a familiar domain.  
Traditionally this relationship is expressed with “a is to b is like 
c is to d” (Richland and Simms 2015; Seiler and Huggins 2018).  
Other definitions emphasize the role of analogies in learning 
and the cognitive process in the transfer of information from 
a source (familiar) to a target (unfamiliar) domain to achieve 
a better understanding (Brown and Salter 2010; Dagher 
1995; Gentner 1983; Gentner 1989; Gentner and Markman 
1997; Orgill 2006).  Hofstadter (2001) defines analogies as 
the perception of commonalities between the target and 
source domains and sees analogies as the link between the 
familiar and the unfamiliar.  The author adds that our brain is 
continuously building analogies during the learning process 
to facilitate comprehension.  To understand a new concept, 
whether it is scientific in nature or for everyday life, the human 
brain finds a familiar concept and links that to the unfamiliar 
(Hofstadter 2001).  Metaphors are similar to analogies in 
referring to the similarity between two things, however 
metaphors implicitly state the comparison, such as the heart 
is a pump and vessels are the pipes (Brown and Salter 2010; 
Niebert et al. 2011). Furthermore, analogies are more complex 
in their nature than metaphors.  When used as pedagogical 
tools, analogies often need an explanation to make sure 
student construction of the similarities is what the teacher 
intended (Dagher 1995; Brown and Salter 2010).

Gentner’s structure mapping theory has been foundational 
in understanding analogies as scientific concepts.  Brown 

and Salter (2010) explain that based on Gentner’s theory, 
an analogy is well-developed and aids learning if the two 
domains share relations rather than attributes. 

Figure 1. The extent of relation and attribute sharing between the 
two domains. Analogies have greater extent of relation sharing. 
[Adapted from: Gentner (1989) and Brown and Salter (2010)
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Although literal or superficial similarities have low explanatory 
power, they can serve as precursors for developing analytical 
thinking which suggests pedagogical value (Dagher 1995).  

Heywood (2010) suggested a paradigm shift related to the role 
of analogies in education, in which research about analogies 
should focus on their role in engagement in the learning 
process rather than emphasizing the cognitive transfer 
between the unfamiliar and familiar domains.  When reasoning 
occurs through analogies, the educator and the student are 
mutually engaged, and deeper understanding of complex 
concepts can be achieved.  Understanding and utilizing 
analogies represents a higher order thinking compared 
to straight memorization (Castillo 2018; Heywood 2010; 
Richland and Simms 2015).  Therefore, it is not surprising that 
educators have naturally incorporated the use of analogies 
and metaphors on an everyday basis (Brown and Salter 2010; 
Dagher 1995; Orgill 2006).  However, analogies can also be 
consciously incorporated into lectures to make students fully 
aware of the purpose and the limitations of comparisons 
(Brown and Salter 2010; Castillo 2018; Mastrilli 1997). 
According to Brown and Salter (2010), students need to be 
taught about analogies by comparing the similarities but also 
by explaining the differences between the two domains.

To stress the importance of health-science for first-year nursing 
students, we used an analogy about a house.  Anatomy 
and physiology can be compared to the foundations of the 
house.  In the way that the foundation supports the walls 
of the house, anatomy and physiology provides basic but 
strong background knowledge for later science courses such 
as pathology, pharmacology, and for clinical courses, such as 
medicine and surgery.

Previous studies provided analyses on how analogies are 
used in classrooms and aid in science teaching (Dagher 1995; 
Mastrilli 1997; Niebert et al. 2012; Seiler and Huggins 2018).  
However, few of them examined how students received 
the analogies. In this study, our goal was to develop a well-
structured and organized way to use analogies. Beside 
collecting the analogies that have been included in the 
science courses for first-year and second-year undergraduate 
nursing students, we conducted a survey-based study to 
obtain feedback from students on analogies.  Our study aims 
specifically to evaluate students’ perspectives on how these 
analogies enhance their understanding of difficult science 
concepts.

Methods
Participants
This project was approved by the St. Lawrence College 
Research Ethics Board (SLC-REB #: 2019-208HE) and informed 
consent was obtained from all participants.  Students from 
first-year and second-year undergraduate Bachelor of 
Science in Nursing program were recruited and invited to fill 
out a survey on a voluntary basis.  First-year students were 

taking a university level Human Anatomy and Physiology 
course which is taught for two semesters encompassing 24 
three-hour lectures and 24 three-hour laboratory sessions.  
Second-year nursing students enrolled in a Clinical Chemistry 
course were also recruited.  This course builds on the 
knowledge of anatomy and physiology and adds the basics of 
pathophysiology, laboratory science, and diagnostics; related 
analogies are presented.  Clinical Chemistry is taught for two 
semesters and includes 24 three-hour lectures. 

Analogies were presented by the same instructor during 
lectures using the same protocol.  When the lecture arrived 
at a concept to be explained, the instructor told students 
that this concept can be explained by an analogy.  After the 
analogy was presented, the instructor explained the aspects 
of the analogy similar to the concept. The presentation was 
finished by explaining the boundaries that limit the similarities 
between the analogy and the concept. 

Survey data was collected over two years. We received a total 
of 131 responses from students who participated in the study. 
Students who took the same course twice in consecutive years 
did not fill out the survey in the second year.  Sixty-seven first-
year and 64 second-year students (out of the total class size of 
88 and 73 respectively) completed the survey after their last 
lecture of the semester.  In the first year of the study, paper-
based surveys were filled out in the classroom.  In the second 
year, the surveys were converted to electronic format, and 
participants filled them out online due to mandatory physical 
distancing during the COVID-19 pandemic.

The survey, the analogies, and data analysis
The survey consisted of 12 questions and included two sets.  
The first set consisted of nine five-point Likert scale questions 
with answer choices from “strongly disagree” to “strongly 
agree”.  The other set of three questions were open-ended 
questions soliciting student perception through free text 
answers. 

In addition to conducting the survey, a total of 16 structural 
and 37 functional analogies were collected during the lectures 
for two years.  The analogies were developed over fifteen years 
by the instructor of the two courses, and they were presented 
using the language and illustrations of the instructor to avoid 
potential copyright issues.  The comprehensive list of analogies 
is provided in Table 1.  

The analogies were organized by topic and grouped into 
structural and functional categories for better understanding. 
Structural analogies compare unfamiliar anatomical concepts 
to commonplace ideas by the similarity of their appearance 
or structures.  An example of a structural analogy is lasagna 
as it resembles the endoplasmic reticulum by its layered 
organization.  Functional analogies, however, show similarities 
in a process, such as playing musical chairs to explain the 
concept of competitive enzyme inhibition. 
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LIST OF SELECTED ANALOGIES PRESENTED IN CLASS
Analogy Represented concept Category
Cellular Structure and Function 

Fenced swimming pool with swimmers The cell. The fence represents the cell membrane, the pool water represents the 
cytoplasm, and the swimmers represent the organelles S

A fence of a military base guarded by soldiers, watching cameras, and controlled gates Cell membrane  F

Lasagna with cheese in-between the layers  Smooth endoplasmic reticulum. Cheese represents the stored calcium in the cisternae S

Ground meat lasagna Rough endoplasmic reticulum. The ground meat represents the fixed ribosomes S

Stack of pancakes with blueberries within and in between the pancake layers 
Golgi apparatus and their vesicle. Blueberries within the pancakes are comparable to 
vesicles being developed, and blueberries in between the layers represent the vesicles 
that were packaged and released by the Golgi apparatus 

S

Children holding a rope when out for a walk A single strand of DNA, children represent the nucleotides S

Subway workers in some busy subway stations squeeze people into the train against the 
crowd

Na+/K+ pump transports sodium and potassium ions against their concentration 
gradient. F

The doors between two adjacent hotel rooms can be open or closed depending on the 
need of the guests Gap junctions F

Dying peacefully at an old age versus dying in an accident at a young age Apoptosis versus necrosis F

All desks in a classroom are occupied by students, so no more students can sit down Saturation F

Musical chairs game Competitive inhibition F

A student cannot use a desk although can sit down if the desk is occupied by the 
belongings of another student such as books and a laptop Non-competitive inhibition F

Bones and Joints

Hockey puck Intervertebral disc S

Horseshoe Acetabular labrum S

Wrench Proximal end of the ulna S

Muscle 

Interdigitating fingers Sliding filaments of a sarcomere S

Direction of fingers when you put your hands in your pocket Direction of the external oblique muscle fibers S

Direction of fingers when you put your hands on your heart during the national anthem Direction of the internal oblique muscle fibers S

Direction of fingers when you put your hands on the abdomen during abdominal pain Direction of the transversus abdominis muscle fibers S

A swipe card opening a door Acetylcholine when connecting with its receptor, it opens Na+ channels at the 
neuromuscular junction F

Pushing a wall with your hands does not move the wall Isometric contraction F

Nervous system 

Security guards Neuroglia cells particularly astrocytes which contribute to the blood brain barrier F

Cat analogy of neuron activation:
- Sleeping
- Slowly waking up when gently patting the back
- Suddenly jumps when harshly poked

Different phases of neuron activation:
- Resting membrane potential
- Graded potential
- Action potential

F

- When a child calls for their mother, she is expected to respond
- Sometimes the mother is busy working on an important task.
- If the child keeps calling, the mother might not be able to answer until she has finished 
her task.
- Other times she has to answer these repeated calls.

- Normal response to a stimulus which generates action potential
- During refractory period
- Absolute refractory period
- Relative refractory period

F

A wide/narrow corridor can let a large number of/only a few people through at the same 
time Type A/C nerve fibers F

A receptionist who receives a package then delivers it to another person Association neuron F

A company manager processes information, comes up with decisions, and gives 
commands Central nervous system F
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A central airport such as Atlanta, Heathrow, or Cairo airports The thalamus. The landing planes represent the signals from the ascending tracts while 
the departing aircrafts represent the signals sent to the cerebral cortex F

A person learning how to drive and is aware of all his acts trying to consciously 
coordinate movements  Actions conducted by the pyramidal tract F

An experienced driver is not always conscious of every movement when driving Actions conducted by the extrapyramidal tract F

Endocrine system and Metabolic regulation 

Communication between family members living within the same house Autocrine communication where the rooms of the house represent different cell 
compartments F

Neighbours communicating with each other Paracrine communication where houses in the neighbourhood represent cells within 
the tissue F

Sending a message or a parcel through the mail to another person living in a different 
city, country, or even continent Endocrine signaling and communication F

A mischievous child carried by the mother An inactive hormone bound to a binding protein F

A child running freely in a park Free hormone which is the active form F

Members of the same family share many characteristics, but they are not identical. Isoenzymes catalyze the same reaction; however, they have different structure and 
tissue distribution F

In a battlefield, if a soldier were killed they could not be brought back to life, while 
injured soldiers might recover and resume fighting Irreversible vs reversible enzyme inhibition F

Same number of dogs playing fetch with increasing number of tennis balls Maximum velocity of enzyme reaction F

Building a house from bricks needs a lot of work and money Anabolic reactions require ATP F

A fire consumes oxygen and releases heat Catabolic reactions producing ATP F

A scenario when it is quite cold, and the only source of heat is fire. When there is no more 
firewood available, you would need to look for alternatives such as paper sheets then 
any old pieces of wood blocks. When you ran out of all of this and it became a matter of 
life or death, you would have to burn pieces of your furniture, but you would burn the 
expensive ones last.

Metabolism during starvation: after you ran out of carbohydrates, you will use fat. 
Structural proteins (the expensive pieces of furniture) are the last resort the body 
catabolizes for energy.

F

Extra furniture could be stored in storage units then when needed they could be moved 
in trucks back to your house

Excess iron is stored in storage proteins such as ferritin then when needed, it is 
transported via transport proteins such as transferrin F

Cardiovascular system 

A stack of potato chips RBCs and rouleaux formation S

Parachute AV valves. The canopy represents the cusps, the suspension lines represent the chordae 
tendineae, and the harness represents the papillary muscles S

Loading a truck with goods Preload F

Biking against the wind Afterload F

Stretching and overstretching an elastic band Stretching of the myocytes and Starling law F

Water tap connected to a garden hose Circulation physiology. The tap is the heart, the garden hose represents the blood 
vessels, and water is the blood F

Rolling a ball on a bumpy field as opposed to a smooth surface Resistance increases in arteriosclerosis F

Gastrointestinal system 

A camel is a very patient and hard-working animal, but if it is not treated kindly, 
suddenly can get aggressive and even attack the owner

The liver is resistant to toxins and can recover from disease, but the symptoms of an 
end-stage liver disease can appear very suddenly and are irreversible F

Urinary system 

Moving money notes between two pockets. The amount keeps changing in each pocket 
however, the total amount stays the same

Buffer system provides only temporary solution to acid–base imbalance but does not 
eliminate hydrogen ions F

Funnel Shape of the trigone of the urinary bladder with the urethra S

Sandwich The three layers of the detrusor muscle. The two toast slices represent the outer and inner 
longitudinal layers while the filling represents the middle circular layer in between S

Table 1. Analogies presented during class, organized by organ system and categories. F: functional, S: structural analogies.  

LIST OF SELECTED ANALOGIES PRESENTED IN CLASS  (continued)
Analogy Represented concept Category
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Likert scale answers were evaluated by descriptive statistics 
using Microsoft Excel.  The dispersion of scores given to 
questions was measured using interquartile range (IQR) 
by calculating the difference between the 25th and the 75th 
percentile.  To determine consensus among student opinion, 
a threshold of IQR ≤ 1 was used.  Free text survey responses 
were evaluated by free text analysis.  The first author reviewed 
student answers to the open-ended questions and general 
comments and looked for common themes about their 
perceptions of the presented analogies. 

Results
Analysis of the survey responses showed that 92.5% (121 of 
131) of the students were able to recall hearing analogies in 
class, however only 50% (65 of 131) remembered reading 
analogies in textbooks.  Over 85% of the students found that 
the analogies that they heard were helpful in understanding 
anatomical structures and physiological functions.  Over 60% 
of the students reported that they were able to remember 
these analogies while preparing for tests.  The majority of the 
students (77.5%) agreed that the analogies were engaging and 
fun during the lecture time (Table 2). 

Survey questions
Strongly 
disagree 

(%)

Disagree 
(%)

Neutral 
(%)

Agree 
(%)

Strongly 
agree

(%)

Q1: The analogies helped me understand new 
concepts 3.8 3.1 7.6 50.4 35.1

Q2: The analogies made the lecture more 
engaging 4.6 3.1 14.5 42.7 35.1

Q3: The analogies incorporated humour and 
fun in the lecture 6.2 1.5 13.8 37.7 40.8

Q4: The analogies helped to shift my attention 
back to the lecture 4.6 6.2 23.8 35.4 30.0

Q5: I recalled the analogies heard in class while 
studying 2.3 7.7 28.5 30.0 31.5

Q6: I used the analogies heard in class to 
prepare for the tests 2.3 10.1 32.6 24.8 30.2

Q7: Remembering an analogy helped me find 
the correct answer for test questions 2.4 7.9 26.0 35.4 28.3

Table 2. Percentage of students’ answers on each survey question (n=131). Highest percentage is in bold font. 
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Consensus among students was measured by calculating the 
interquartile range.  If the difference between the 25th and the 
75th percentile of answers was no more than one grade on 
the Likert scale, we considered that the class had a consensus 
on that question.  Our results showed that students had a 
consensus of agreement on questions 1, 2 and 3 (IQR ≤ 1).  For 
questions 4, 5, 6 and 7, they did not have a consensus  
(IQR = 2).  However, the majority of students either strongly 
agreed or agreed to all questions. The sum of disagreement 
was low in all questions (see Figure 2).

Figure 2. The number of students who agreed (selected strongly agree and agree) or disagreed (selected 
strongly disagree and disagree) to the asked questions (n=131, neutral answers are not shown). IQR: 
Interquartile range, IQR ≤ 1 means consensus.
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Free text analysis revealed three themes in the content of 
student responses.  

First, students often commented on the usefulness of the 
presented analogies.  Some examples of student comments 
about analogies as being beneficial were the following: 
 “I like analogies because they explain things simply”.

 “Analogies help me understand and memorize things better”.  

Second, several students described analogies as fun. Students 
also expressed that they enjoyed hearing analogies, especially 
during a long lecture.  Examples included:  
“The analogies made the class engaging and more interesting”.

 “The analogies helped me focus to the material during the 
lecture”. 

Lastly, some students requested to organize and incorporate 
analogies into lecture notes.  Some of the comments were 
about the desire to have analogies as learning tools, such as:
 “Would be nice if they were provided as notes”.

 “Please keep doing them as they are memorable and help with 
understanding concepts”. 

Discussion
Analogies have been historically used in many fields such as 
biology, philosophy, and literature.  They remain an important 
part of high-level perception and require high cognitive 
functioning (Castillo 2018; Heywood 2010; Orgill and Bodner 
2006; Richland and Simms 2015).  In our study, we have 
introduced 53 newly developed analogies to support two 
science courses. 

We evaluated student perspectives on how these analogies, 
which were consistently used throughout basic science 
lectures, have enhanced their learning and facilitated 
understanding of difficult concepts. 

While analogies are often used naturally when educators teach 
new or unfamiliar concepts, it is reported that using analogies 
purposefully would benefit students more (Brown and Salter 
2010; Richland and Simms 2015).  Orgill and Bodner (2006) 
analyzed the use of analogies in college-level biochemistry 
textbooks.  They concluded that, although textbooks 
contain a significant number of analogies, the explanations 
accompanying the analogies are often insufficient.  Our 
study found that only 50% of the students were able to recall 
analogies read in textbooks, although the analogies in the 
textbook were comparable to the in-class analogies.  Two 
examples from the course textbook are: “thyroid follicle is 
similar to a gel capsule with viscous content inside” and 
“the aorta resembles a walking cane” (Martini et al. 2018).  A 
possible explanation for this is that students used textbooks as 
secondary resources.  Students were keen on attending the in-
class lectures where analogies were presented and explained, 
and they utilized lecture notes as their primary resource for 
studying. 

When analogies are incorporated into lectures, they can be 
used to draw student attention to key or important parts 
of a scientific concept by comparing the new concept to 
a well-known model.  This has been shown to facilitate 
deeper understanding (Richland and Simms 2015; Seiler and 
Huggins 2018) and this is what we adopted and aimed for 
in our practice.  As it has been shown by cognitive scientists, 
it is easier to find similarities based on object properties for 
novice learners, for example, comparing the shapes of two 
objects.  Recognising similarities and differences based on 
relationships, however, requires deeper understanding of the 
domains (Castillo et al. 2018; Heywood 2010; Richland and 
Simms 2015). 

In our work, we found that analogies sharing similarities of 
appearance are as beneficial as functional analogies when 
explaining difficult anatomical and physiological concepts 
respectively.  Students mentioned their favorite analogies in 
the free text comments at the end of the survey.  The most 
mentioned functional analogy was the one that explains 
the difference between autocrine, paracrine, and endocrine 
signaling by comparing them to communication within the 
same house, in the neighborhood, and through the mail.  
The most popular structural analogy was lasagna for the 
endoplasmic reticulum.  The cheese-filled pockets are like 
the calcium-full cisternae.  Ground meat are like the fixed 
ribosomes that stud the rough endoplasmic reticulum, while 
the smooth endoplasmic reticulum, which lacks ribosomes, is 
like plain cheese lasagna.

It is important to add that analogies, in general, cannot 
perfectly describe physiological functions; therefore it is 
crucial to explain the boundaries related to the commonalities 
between the two domains.  It is worth noting that similar 
analogies were also used in other courses taught by the last 
author to different student cohorts from various science 
disciplines in a different educational institute.  They were 
also very well-received by the students as indicated in their 
comments in the students’ feedback forms (data not shown).

Students did not have consensus on whether they used the 
presented analogies while studying or recalled them during 
the tests.  This indicates that while analogies are very well-
received during the lecture time, they might be less utilized 
to prepare for exams. Organizing the presented analogies 
in a table format might be helpful for students reviewing 
course material in the future.  Although we did not investigate 
whether analogies were used more as an engagement tool or 
a learning tool based on student responses, Figure 2 suggests 
that more students found analogies useful as an engagement 
tool.  

Our study has a few limitations. The study was conducted in 
first-year and second-year science courses in undergraduate 
nursing education.  Students from other areas of sciences may 
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have different reception for analogies from our students.  We 
have not objectively measured student performance after 
using analogies as learning tools. Future studies could explore 
possible correlations between the grades achieved in the 
courses with the analogies that students could recall.  Another 
limitation of our methods is due to pooling of responses 
from both first-year and second-year students.  Second year 
students were exposed to the analogies in their first year of 
studies, which may contribute to different perception of the 
analogies.  This may have introduced bias in the responses of 
this group.

Conclusion
Overall, our results demonstrate that using analogies in an 
organized and purposeful way is helpful in teaching Anatomy 
and Physiology as well as Clinical Chemistry.  As indicated 
by students, the analogies were useful when learning new 
concepts and made the lectures more engaging.  We believe 
those analogies can be easily incorporated into lectures or 
lecture notes when teaching undergraduate science courses.  
We invite educators from other institutions to use and study 
the effect of these analogies or to collaborate on an expanded 
multicenter study to objectively evaluate the impact of these 
analogies on learning.
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