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A ccording to Schowalter,[IJ the scientific principles 
used to solve successive generations of problems (in 
the context of chemical engineering) change very 

slowly, but the problems themselves have a different format 
and different details that require a critical understanding of 
the fundamental concepts involved. Students need this depth 
of understanding while studying to equip them with the abil­
ity to successfully apply these engineering concepts in their 
future professions. This is the challenge for students under­
taking chemical engineering studies , mentioned periodically 
by many authors in articles published in Chemical Engineer­
ing Education. For instance, Falconer121 in his recent article 
states that many students memorize algorithms for solving 
problems without understanding the concept itself, and thus , 
have difficulties when a new problem is different from one 
they have previously solved. 

Guidance and suggestions on how to improve teaching 
methods - seeking better results from students - can be 
found in most educational journals and books. For instance, 
Case and Fraser31 emphasize the importance of a deep approach 
to learning, noting, "There is ample evidence that students fre­
quently manage to pass traditional assessment in tertiary sci­
ence and engineering without understanding the work." 

THE NEED FOR A DEEP APPROACH 
TO LEARNING 

To me, the onus still rests on the educator/lecturer to prop­
erly transfer technical concepts to students, and to ensure that 
obstacles preventing them from grasping these concepts are 
overcome. 

In the same line of thought, Demirel14l states that the in­
structor (lecturer or t1:1tor) has to improve the effectiveness of 
his/her teaching since he/she cannot do much about the stu­
dents ' ability or background. Felder, in the majority of his 
Random Thoughts columns (e.g., Reference 5), shares the 
same view. This same author15·61 and many others13l mention 
the need to help students adopt a deep approach to learning, 
by "trying routinely to relate course material to other things 
they know." Bearing this in mind, it can be easily understood 
that analogies, though simplistic, offer a way for students to 
make those connections. 

The use of analogies is a creative teaching method that pro­
motes conceptual understanding among students . It can be 
"fun" to use simple analogies of everyday situations to clarify 
the fundamental concepts/phenomena being presented. For 
example, Iveson171 published a very interesting article describ­
ing an analogy (two basins used to clean dishes in stages) 
useful to explain why counter-current layout is more effi­
cient than co-current. Also, analogies break the flow of the 
lecture routine. It is necessary to catch the attention of the 
few students who have adopted a "bystander" attitude when 
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XA1 ? + ~ ? 
....L. -

15003 female together 
15003 male 
??? 100 % female???? 
??? then 0 % male???? 

Figure 1. Analogy to help 
clarify some misconcep­
tions associated with the 
understanding of mass 
and mole fractions: 
a) shows a problem posed 
to students in class; 

J 15000 females at t he university 
15000 males 

3 females at your house 

b) shows that simply 
adding mass or mole 
fractions to obtain the 
final fraction of the 
mixture is incorrect. 

3 males 
50 % female 50 % female 
50 % male 50 % male 

a) b) 

attending lectures. Analogies are also useful to motivate stu­
dents who lack some aptitude for understanding the subject 
adequately. It can be much easier for them to first relate the 
concepts to something tangible and then to extrapolate to its 
scientific context. 

I often use analogies when I explain concepts to my stu­
dents. The procedure is usually as follows : First, I present 
the material on an academic level. If some express concern, 
show lack of understanding (usually with a frown) , and/or in­
dividually come to consult me, I then use analogies to 
reinforce what I stated during the academic presentation . 
I have noticed how students gain understanding in basic con­
cepts through the use of analogies . It is when their faces 
light up with understanding that I realize how helpful 
analogies can be . 

This paper describes some analogies that have been help­
ful to first-year students and gives an idea of how analogies 
are applied in class and in tutorials. 

Analogies to Help Clarify Some Misconceptions 
Associated with Mass and Mole Fractions 

Mass and Mole Fractions Analogy 1 Mass and mole frac­
tions are used frequentl y in chemical engineering. Students 
usually encounter them for the very first time when dealing 
with mass balances in the first year. Some students have dif­
ficulty understanding how to deal properly with these frac­
tions because they do not grasp the underlying concept in­
volved. This is especially obvious when they have to calcu­
late the mass/molar fraction of one particular component af­
ter the mixing of two or more streams (see Figure 1 a). These 
students do not understand that the tlowrate value of each 
joining stream influences the mass/molar fraction of the out­
put stream. Some of them even end up concluding that the 
resulting mass/molar fraction , for example the problem rep­
resented by Figure la, is "xA, + xA

2
" ! 

A good way to prevent thi s incorrect conclusion from tak­
ing root is to give them the following analogy (see Figure 
lb): Imagine that a university has 15 ,000 male students and 
15,000 female students. One should agree that there are 50% 
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of each. Now imagine that your family is made up of three 
males and three females. Also 50/50, isn't it? So, now, if your 
family comes to the uni vers ity for a v is it, does it mean 
that the total percentage of females is 100%? Thi s should 
very clearly illustrate that the final mole or mass fraction 
of a spec ies in solution after mixing is not merely a cu­
mulati ve sum of the fractions of the initial solutions be­
fore mi xing. 

Mass and Mole Fractions Analogy 2 Another typical case of 
a lack in conceptualization occurs when a sample is taken 
from a homogeneous mixture by using a splitter (Figure 2a). 
A clear insight of this is essential, for instance, to carry out 
proper mass balance calculations when purging. 

Some students do not see that both streams have the same 
concentration. One could illustrate the principle using the 

XR= 
Xp = 

? 

? 

a) 

1/3 of the flow 

2/3 of the flow 

Q , . ., .. 
Preparation homogeneization ~-•-

b) 

The fla vour does NOT depend on 
the quantity 

Figure 2. Analogy to help clarify som e of the miscon­
ceptions associated with the understanding of mass and 
mole fractions: a) shows a problem posed to students in 

class; b) shows how to tackle the problem - a sample 
from a homogeneous mixture has the same concentra­

tion as the original mixture itself. 
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Students need ... depth of understanding while 
studying to equip them with the ability to successfully apply 

these engineering concepts in their future professions. 

following example (see Figure 2b): If 
you prepare a drink made up of orange 
concentrate and water, and you serve it 
in different glasses, which one would 
taste better? 

Mass and Mole Fractions Analogy (3) 
Now, for the sole purpose of illustra­
tion, the opposite of the above-men­
tioned example could also be used to 
reinforce the same principle, namely 
that if we join, for instance, two streams 
with the same mass/molar fraction (Fig­
ure 3a), the resulting one will retain the 
same fraction . Should we pour the con­
tent of one glass of juice back into the 
original mixture, the new mixture 
would still taste the same (see Figure 
3b). It should then be clear to students 
that the same principle applies. Note: 
The intention of the author here is not 
to show that students could do the same 
with chemicals (i.e., return chemicals 
to the reagent jar). This is just an anal­
ogy to aid comprehension. 

Analogy to Assist with the 
Understanding of Steady-State 
Conditions 

Because transient processes are 
typically considered too complex for 
first- and second-year students to 
grasp, course content often contains 
steady-state situations - a concept 
also not readily assimilated by first-year 
students. Students tend to think that if 
a system is under steady-state condi­
tions, all the variables should be the 
same at any point. One could tackle this 
problem using the example of a mov­
ing conveyor belt in a production line. 

For illustration, consider Figure 4. At 
one end of the belt, the bottles are 
empty. They are then filled with, say, 
chopped tomatoes, the lid is placed on 
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top, and finally they are labeled. If we look at the belt tomorrow it will look the 
same. In one year's time (provided that there have been no changes to the fac­
tory) it will still look the same - it is as if time is not a variable in the process. 
Yes, it is true that if you look at one particular bottle, time is a variable. That 
particular bottle gets filled, packed, sold, used, and - hopefully - recycled, but 

x. =0.8 
Xp=0.2 ? 

~:iJ 
a) 

The flavor of the content of the jug does 
not change when we pour back some of the 
juice. 

h 

Figure 3. Analogy to help clarify some of the misconceptions associated 
with the understanding of mass and mole fractions: a) shows a problem 

posed to students in class; b) shows how to approach the problem -
returning a previously removed sample to the homogeneous mixture does 

not affect the final concentration. 

Figure 4. Analogy to assist with the understanding of steady state. The 
conveyor belt symbolizes any process plant functioning at steady state. It can 

be understood that although an individual bottle gets filled, packed, and 
sold, the process behaves as if time stands still. 
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that is not the point. The point is that the process 
behaves as if time stands stil l. 

Analogy to Assist with the Understand­
ing of Specific Volume 

The principle of specific volume is first encoun­
tered with multiphase systems. Some students 
only realize later on in the year, while trying to 
understand all the data presented in the ther-

• Displaced 
volume: 1 L 

~ Displaced ~ volume: 5 ml 

• Displaced 
volume: 5.025 L 

Figure 5. Analogy to assist with the understand­
ing of specific volumes. The figure helps show 
that the same substance in different states has 

different specific volumes. 

saturated air 
40 °c 

Condeneer 
saturated ai r 
20 °C 

liquid water 

a) 

modynamic tables, that they do not really have a feeling for what 
this means. For example, consider the following situation: Imagine l 
kg of water confined in a vessel of volume 0.025 m3 at T= 275.6 °C 
and P= 60 bar. By looking at suitable tables of data,l81 it can be found 
that the conditions in the vessel are those of saturation, and that the 
water inside should be a mixture of liquid and vapor since the spe­
cific vo lume of saturated vapor for that situation equals 0.0324 
m3/kg, and the corresponding value for saturated liquid water is 
0.001332 m3/kg. Some students understand thi s concept better if 
one describes the following scenario: Imagine that a fully inflated 
balloon always displaces 1 L of water (e.g., a balloon submerged in 
a tank of water, Figure 5) and a flat balloon occupies only 5 mL. If 
we have 10 balloons inside the tank and they displace 5.025 L, in 
which state(s) should we find them - all inflated, all flat, or a 
mixture of both? 

Analogy to Assist with the Understanding 
of Saturated Air 

The concept of air saturated with water is a topic of great impor­
tance, one that students are introduced to in the first year and also 
revis it during their study of other subjects (such as mass transfer 
operations). 

The students usually first encounter this concept when they are 
taught how to interpret the psychrometric chart. Some students find 
it difficult to understand that when air is saturated and then cooled 
(see Figure 6a), we get some liquid water (that part is easy for 
them to grasp), but also some "saturated air" again, only now at a 
cooler temperature. Students are typically completely puzzled by 
the latter consequence. 

Yet , one could explain this scenario with an example using a 
tray filled with drinking glasses (Figure 6b). The tray symboli zes 
the air initially saturated. Suppose that when we cool it, the tray 
"shrinks," causing some glasses to fall off (i.e., water condens­
ing). The shrunken tray, however, remains "saturated" with glasses. 
So if one pushes one more glass onto the tray, another glass will 
fall off. 

before shrinking 

after shrinking 

b) 

Figure 6. Analogy to assist with the understanding of air saturated with water. 
a) Shows a problem posed to students in class. The left drawing in b) helps students visualize air (tray) saturated with 

water. After cooling (the right figure in b), air is still saturated despite some water having condensed. 
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Analogy to Assist with the Understanding of 
Concentration After Evaporation 

The study of binary mixture evaporation is usually ex­
plained using Txy and Pxy diagrams. The lecturer explains 

The analogy is not 
the only w ay that the concept is 
presented to a student. 
Rather, an analogy is 
a possible complement 
useful at the end of 
an academic/formal presentation 
to reinforce a concept. 

the changes of concentration in the liquid and the vapor be­
tween bubble and dew point (see Figure 7a, top), but can still 
find that some students are not able to answer the following 
question (see Figure 7a, bottom) : "What is the concentra­
tion of a mixture, initially liquid, made up of 40% benzene 
and 60% toluene after total evaporation?" The following 
analogy then comes in handy (Figure 7b): You have a party 
consisting of 40% women and 60% men. Initially they 
are all sitting, but at some point they all get up and start 
to dance. What percentage of women is dancing? It is clear 
from this example that the concentration of a mixture af-

T 
Partial 
evaporation 

Xr = 0.60 

Liquid TOTAL Vapour 
60% Toluene EVAPORATION ? % Toluene 
40% Benzene '--' ......... ~~- '"'""' ? % Benzene 

a) 

ter total evaporation is the same as it was before evapora­
tion. Figure 7 helps to illustrate how the percentage of 
the different components of a liquid mixture does not 
change after total evaporation of a liquid (provided that 
there is no reaction or thermal decomposition). 

Analogy to Assist with the Understanding of 
Manometers 

The use of manometers and the concepts of pressure and 
pressure changes are common for chemical engineers. This 
is one of the first topics that a first-year student will deal with 
in his/her student career. 

To explain why the manometer fluid is at a particular 
position inside a manometer, while the system fluid is 
flowing (Figure 8a), one could use the following anal­
ogy: Each branch of the manometer fluid in the manom­
eter is subjected to a different pressure. You have to imag­
ine that there is a platform on top of each branch of ma­
nometer fluid (Figure 8b) and an animal placed on top of 
each platform, both having very different weights. These 
could be, say, a pig and a chicken. How are the respective 
weights going to affect the levels of the manometer fluid 
in the branches of the manometer? Remember that pres­
sure is force/area! 

CONCLUSIONS 

Some illustrations of possible analogies between scientific 
concepts and real life have been presented here. Students seem 
to understand concepts better when an analogy is used to 
elaborate on academic ideas. For the author, there is no one 

all sitting: all dancing: 
60 % men, 40 % ladies 60 % men, 40 % ladies 

h) 

Figur e 7. Analogy to assist with the understanding of concentration after total evaporation. Part a) shows a problem 
posed to students in class. The left drawing in b) represents the liquid state and the right one in b}, the vapor. 
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way to assess the influence of the analogies on the learning 
experience of a student, since the analogy is not the only 
way that the concept is presented to a student. Rather, an 
analogy is a possible complement useful at the end of an 
academic/formal presentation to reinforce a concept. For 
the author the fact that many students ' faces light up after 
the analogy is presented gives a good enough indication 
that the methodology is an effective strategy in learning 
and teaching. Thi s is mainly because students gain insights 
into the theory through analogies. 
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