Chicken eggs: which comes first –
the expected results or the science?
Karen Haydock

ABSTRACT We sometimes struggle with the question of whether our primary goal is for students
to recall or understand answers to questions, or for students to do science and improve their
‘scientific temper’. This article describes how an enquiry-based laboratory experiment was carried
out in which the stress was on the latter. The students formulated their own questions which
involved using shell-less chicken eggs to investigate the process of osmosis. This experience raised
the question of how teachers choose the most appropriate teaching designs and assess success. In
particular, is success contingent on ‘getting the right answer’?

Laboratory sessions are all too often designed
for students to follow detailed directions in order
to ‘learn’ certain techniques and procedures, or
to confirm that a particular process happens as
told in a textbook or as the teacher presented it
in a lecture. As education becomes increasingly
treated like a commodity, companies even sell kits
complete with supplies and detailed instructions
for the teacher and students. However, these may
be of limited use if we are mainly interested in
teaching students to ask questions and formulate
their own experimental designs in order to find
answers – in other words, to do science.
Students in high schools and colleges
commonly do experiments to confirm that in the
process of osmosis water passes through a partially
permeable membrane from a solution where the
concentration of solvent is lower to a solution
where the concentration of the solvent is higher (or
from a region of higher water potential to one of a
lower water potential). More-innovative teachers
may give the students less detailed instructions
and require them to do more critical thinking, but
still the emphasis is usually just on confirming and
remembering the textbook definition.
One of the main criteria for choosing a
laboratory activity is whether it will ‘work’ – in
other words, whether the students will get good,
clear data that are easy to interpret and which lead
to the foregone conclusion.
This article presents an example of how
16- to 17-year-old students at an elite Englishmedium school in India learned science by

doing experiments in which they did not ‘get
the right results’. Instead, they got unexpected
and confusing results. My contention is that the
students learned more by this experience than they
would have learned if the experiments had been
designed in order to ensure the expected results.

Teaching method
This particular activity was ostensibly done
to allow students to find out through direct
experience how membranes function and what
osmosis is. However, the larger objective was for
the students to improve their ‘scientific temper’, as
we say in India. By scientific temper we mean the
practice of using the scientific method throughout
one’s daily life to ask and search for answers to
all sorts of questions. This is in contrast to the
common treatment of science as being a body of
knowledge, or ‘facts’ to be remembered, even
if not understood. To improve one’s scientific
temper, one has to get into the habit of using
a scientific method. I believe that this activity
was an effective way to encourage this habit,
particularly since it produced unexpected results.
Thus the broader objectives of this activity were
similar to the objectives of any science activity,
as shown in Table 1. Since my students were not
in the habit of doing such activities, I found that it
was necessary to discuss these objectives before
and during the activity, and to let them know
that they would be assessed according to these
objectives, rather than according to whether or not
they ‘got the right answers’. Since it is possible to
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Table 1 General learning objectives to be used
for assessment. Note that these objectives are
very similar to those used to assess practical work
for Sc1 in GCSE, and in some innovative science
teaching programmes, but are otherwise rarely used
in the Indian educational context.
General learning objectives
1

Ask innovative, focused research questions in
which relevant independent, dependent and
controlled variables are identified.
2 Design a protocol which will include practical
methods of collecting both qualitative and
quantitative data of sufficient quantities needed
to answer the question.
3 Carry out the experiment by working cooperatively
in a small group, making careful observations,
and keeping detailed written records.
4 Learn to correctly and safely use the equipment
needed for conducting the experiment (e.g.
balances, ovens, pipettes).
5 Effectively communicate procedures, results
and conclusions in writing, using diagrams,
drawings, photographs and graphs where
appropriate (also learn to use appropriate
software for these purposes), so that the
experiment is replicable.
6 Figure out how to best analyse the data using
statistical or other methods, and do the analysis.
7 Form conclusions that are based on the observed
results, and justify statements with evidence.
8 Find reliable information related to the experiment
on the internet, critically analyse it, and discuss
it in relation to the present work done.
9 Recognise problems in experiments, suggest
creative ways to improve them, and identify
questions that arise from the experiments.
10 Become motivated to formulate and investigate
related questions and independently do library
research.

assess many objectives in one activity, this justifies
spending an extended period on one activity such
as this rather than trying to ‘cover’ many topics.
The laboratory assistant removed the shells
from chicken eggs by soaking them overnight in
mild acetic acid (0.1 mol dm−3 ethanoic acid) and
then carefully rubbing them, and rinsing them.
Because students in different laboratory sections
met at different times, they used eggs which had
been soaking in acid for different periods of time.
28
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The students were told that the shell-less
chicken egg is a model for a cell, since it is
surrounded by a layer of plasma membranes, just
as any cell is surrounded by a plasma membrane.
The students were asked to design and carry out
a laboratory investigation in which they were to
‘use shell-less chicken eggs to study osmosis’.
The students individually wrote their
questions and experiment designs for homework,
with access to books and internet sites. After I
assessed and corrected their designs, they worked
in groups of two to five students to choose
one design, write a final draft in line with the
corrections I suggested, set up their experiment,
and collect data. Each group conducted a different
experiment. Each student then individually
graphed and analysed the results, formed
conclusions, and submitted a laboratory report.
Finally, there was a post-assessment review and
discussion session. This all occurred over a period
of about one month.

Defining the question and designing the
experiment
Students suggested a wide range of research
questions concerning osmosis in shell-less chicken
eggs. They chose different independent variables,
such as temperature or initial concentrations of
various salts or sugars. The dependent variables
were mass or size measured in various ways
(circumference, length, breadth or volume).
For example, knowing that a maltose molecule
consists of two glucose subunits, one student
hypothesised that glucose may be able to pass
through a membrane but maltose will not be able
to, so his research question was ‘Will glucose
or maltose cause the greatest percentage water
uptake by a chicken egg without the shell?’
Some students had difficulty in formulating
their question in the form of a question – they
had a tendency to make a statement rather than a
question, for example ‘To examine the process of
osmosis through a partially permeable membrane
of a chicken egg.’ I insisted on them writing a
question with a question mark to help them give
better definition to their experiment.
Many students did not initially formulate
questions or designs that were sufficiently detailed.
I had to keep emphasising that they must specify
the exact amounts, sizes and concentrations so
that someone else could find out how to repeat the
experiment by reading their design.
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It was also not easy for students to realise
which variables might affect the dependent
(measured) variable and would therefore need to
be controlled. It is difficult to realise that these
variables need not (and usually cannot) be kept
constant – they just have to be controlled so that
they vary similarly (within practical limits) for all
the eggs under study. For example, the ambient
temperature may vary, but this variable can be
controlled by keeping all the eggs in the same area.

Doing the experiments and analysing the
data
When the students carried out their experiments
it was difficult to convince them to record their
observations and measurements carefully. They
were interested in finding results but writing things
down seemed like hard work. I encouraged them to
devise their own ways of recording and presenting
their data rather than giving them readymade
formats in which they might unthinkingly fill in the
blanks. Their objective was to communicate and,
by assessing each other and working in groups,
they learned that this meant writing descriptive
titles, column headings and labels. I had to remind
them always to include units when reporting
quantities, and uncertainties when required.
The usual health and safety issues (such as
washing hands, no bare feet and no eating in the
laboratory) were stressed. In our experience, none
of the eggs smelled very bad, even at the end of
the experiments. However, raw eggs may contain
various microorganisms and the healthiness of
ingesting raw eggs is controversial, although
common in some cuisines. We therefore stressed the
importance of washing hands. We made sure that all
solutions which the students proposed to use were
safe to handle. Mild acid solutions were prepared
by the laboratory assistants. I told the students
beforehand that in case any of them had ethical or
other problems in working with chicken eggs they
could come and discuss alternatives privately.
In the review session after I had finished
analysing and assessing the students’ laboratory
reports, I projected slides of some of their data
tables, graphs, results and conclusions and asked
the students to find the errors and inadequacies and
critically analyse what each other had done. This
was a very useful learning exercise for them. I
also showed them corrected versions of the graphs
so that they could see how this affected the data
interpretation, analysis and conclusions (see below).

Problems making graphs

Most students used standard computer software to
make graphs of their data. I suspect that sometimes
they could have learned more – and produced
better graphs – if they had initially made them on
graph paper without a computer. For example,
many students let the software automatically
choose the ranges for the axes, with the result
that one graph could not be easily compared with
another since the scales were different. If computer
software is to be used, it is better to use a simple,
less automated software (gnuplot or GeoGebra;
see Websites) in which the user explicitly decides
all parameters. Also, we discussed whether the
students were justified in making line graphs when
they only had a few data sets.
Figure 1 is a graph one student made to
show how the masses of three shell-less eggs
changed upon being placed in distilled water. This
student concluded that ‘Although there are some
movements in eggs from 0 to 45 minutes, the eggs
increased their size and mass eventually. This
happened because of osmosis that water entered
inside the eggs since the concentration of eggs is
higher than water.’ This student did not present
a graph or calculation to show exactly how this
conclusion was made, and did not seem to have
understood osmosis. I showed a corrected version
of the graph (Figure 2), but even here, I pointed
out, it is not easy to understand what happened
just by looking at the raw data. Some data analysis
is needed in order to find out whether or not these
data support the hypothesis that the eggs gained
mass when immersed in water. Another student
had analysed the same data by calculating mean
values (Figure 3). I showed an additional graph
(Figure 4) in which the standard deviations were
also shown, and I asked the students to suggest
conclusions based on this graph. Through this
discussion, the students came to understand more
about making graphs than they would have if I
had told them exactly what to do in the beginning.
Water potential

Teachers may introduce the concept of water
potential (ψ) to help students understand why
osmosis occurs, and to point out that osmosis is
not the only factor that determines the direction
of net water movement across a membrane. Water
potential allows water to do work – such as make
an egg expand or shrink. Solute molecules create
hydrogen-bonded clusters of water molecules,
SSR June 2014, 95(353)
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Figure 2

Mass of shell-less chicken eggs kept in water
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Figure 1 A student’s graph showing how the
masses of three shell-less eggs changed after
they were placed in distilled water. The student
misunderstood the data, thinking that the last data
set was recorded 1 hour after the previous one,
rather than 1 hour after the start of the experiment,
owing to flawed groupwork. (The student also failed
to correctly label the x-axis as time.)
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Time when
(minutes)three shell-less eggs
were placed in each of 0%, 25% or 50% table sugar
solutions. This graph is communicative, even though
it does not appear to be as slick or professional as a
computer-generated graph.
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Figure 2 A corrected version of the same data as in
Figure 1
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which reduce the number of free water molecules
and lower
the capacity of water molecules to
Percentage change in mass of eggs in different solutions
for 1 hour
move and do work. Thus,
adding solutes to water
4
decreases
the water potential. Water moves from
an area
2 of higher to lower water potential. Water
potential
may be simplified as:
0
Percentage change in mass

Figure 4

Ψ-2= Ψπ + Ψp

where-4 Ψp isEggs
thein pressure
component and Ψπ is the
water
Eggs in 25% sucrose
solute-6 (or osmotic)
component:
Eggs in 50% sucrose
Ψ-8π = −iMRT

Type of solution

where i is the van ’t Hoff factor, M is the molarity
of the solute, R is the ideal gas constant and T is
the absolute temperature. The pressure component
30
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Figure 4 I prepared this graph to show the use
of means and standard deviations, although I also
pointed out that in this case the standard deviations
are not really meaningful because there were fewer
than five eggs used in each experiment.

is important in the case of plant cell membranes,
which are surrounded by rigid cell walls.
Observing and drawing

I found it very useful to keep referring to the
definition of osmosis using the diagram shown in
Figure 5.
In the review session, I used the questions
shown in Figures 6 and 7 to review and assess
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Figure 5 Osmosis is net flow of water across a
partially permeable membrane from a low solute
concentration to a high solute concentration. Dots
are used to model solute molecules, with the density
of dots indicating the relative initial concentrations
of solute. The arrows show the initial direction of net
water flow. Students realise that in the top diagram
water passes into the egg, increasing the volume
of the egg and resulting in a situation in which there
will be a similar concentration of solute (density
of dots) inside and outside the egg. In the bottom
diagram water passes out of the egg, resulting in
similar solute concentrations inside and outside the
shrunken egg.

the students’ knowledge of the terminology as
well as their understanding and observations of
osmosis. The students would have noticed the
positions and shapes of the eggs in the solutions if
they had been keen observers. If they had drawn
diagrams and/or recorded detailed qualitative
data while observing, they were more likely to
have made and remembered these observations.
These observations helped them analyse their
results and better understand the process of
osmosis. This is a good example of how drawing
is useful in learning science (and more useful than
photographing), and how teachers can assess the
extent of observation.
Unexpected results

In the entire class there were very few groups that
obtained results close to what is expected. This
led to unexpected learning opportunities related to
making and interpreting graphs.
Figure 8 shows an example of some data
which students had difficulty analysing. During
the post-assessment session I presented another
graph of the same data (Figure 9) which shows

Figure 6 For assessment, students are given these
diagrams and are asked to label each beaker to
indicate whether the solution it contains is isotonic,
hypotonic or hypertonic, and also tell what is wrong
with the diagrams and draw correct versions.
hypotonic		

isotonic

isotonic		

isotonic

hypertonic

isotonic

Figure 7 Corrected versions of the diagrams in
Figure 6
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Figure 8

Figure 8
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Figure 8 A student’s graph which is hard to
interpret. Here different colours are used for eggs
that were immersed in 100% water (A), 5% NaCl (B),
10% NaCl (C), and 20% NaCl (D).
Figure 9

Figure 9

Changes in mass of eggs immersed in different
concentrations of NaCl
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Figure 9 The same data used for Figure 8 is
more intelligible here, but it still does not show the
expected results

number of possible explanations. Based on their
previous experiences with rotting eggs, they
realised that eggs must be undergoing continuous
change, especially when kept at room temperature.
Most of the experiments were conducted in a
very humid, fairly warm room (the temperature
varied between 21 and 27 °C). Most probably,
the eggs were rotting, especially considering
that before the experiments began the eggs had
already been stored at room temperature and in a
refrigerator for a number of days before they were
purchased and after their shells were removed.
Some students suggested that, as time went on,
maybe the solutes were also passing through
the membranes. Perhaps the membranes were
also breaking down, someone else suggested.
I encouraged the students to think of further
experiments that they might do in order to test
these various hypotheses.
One group of students compared the changes
in mass of shell-less eggs that were immersed
in different concentrations of NaCl and kept at
different temperatures: in a refrigerator at 17 °C
(a rather warm refrigerator!), in an incubator at
33 °C and in oven at 50 °C. Their results were
very interesting and unexpected. One of the
students in this group graphed the raw data as
shown in Figures 11–13, and concluded that the
concentration of NaCl did not make any difference.
One reason for the confusion is that this student
had made a mistake while producing the graph
in Figure 13. Also, if the student had graphed the
change in mass of each egg (by subtracting the
initial mass), the data in Figure 11 would appear
as shown in Figure 14, and the conclusion would
obviously be different. Looking at this graph, it
does appear that osmosis has caused the eggs that

Change in mass (g)

the changes in mass rather than the mass itself.
Still, the students could not make sense of the
data. They had expected that the egg in 0% NaCl
(100% water) would gain the most mass, but it
ended up about the same as the egg in 5% NaCl,
and both ended up being lighter than the eggs
Figure 10
in higher concentrations of NaCl. Now this is
Changes in mass of eggs immersed in different
an interesting puzzle! A similar pattern was also
concentrations of NaCl
4
found by another group.
0% NaCl
3
5% NaCl
In order to analyse the data, I made yet another
10% NaCl
2
20% NaCl
graph, which shows what happened in just the first
1
3 hours (Figure 10). In the review session I asked
0
the students to compare this with the previous graph
-1
and analyse what happened. They realised that what
-2
happened in the first hour was different from what
-3
happened after 24 hours. In the first hour, the shell-4
0
0.5
1
1.5
2
2.5
3
less eggs that were put in higher concentrations of
Time (hours)
NaCl lost more mass, as expected.
Figure 10 The expected results occurred only in the
I asked the students to explain what happened
first hour of the experiment
after the first 3 hours. They came up with a
32
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Figure 13
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Figure 13 The results of an experiment in which
shell-less eggs were immersed in 0%, 25%, 50%
and 75% NaCl (C, C1, C2 and C3, respectively)
and kept in an oven at 50 °C (this graph shows a
strange trend compared with Figures 11 and 12: by
examining the numbers the student also gave in the
report, it was clear that there was a mistake – the
data table had been transposed)

Figure 11 The results of an experiment in which
shell-less eggs were immersed in 0%, 25%, 50%
and 75% NaCl (A, A1, A2 and A3, respectively)
and kept in a refrigerator at 17 °C. Are all the eggs
behaving the same? (The student did not label the
axes – the y-axis is mass (g) in Figures 11–13.)
Incubator

0

50

Change in mass of shell-less chicken eggs kept in a fridge
at 17 °C, after immersion for various times in 0%, 25%, 50%
or 75% NaCl solution (by weight)

Egg A 0% NaCl
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Figure 12 The results of an experiment in which
shell-less eggs were immersed in 0%, 25%, 50%
and 75% NaCl (B, B1, B2 and B3, respectively) and
kept in an incubator at 33 °C

0

10

20
30
Time (minutes)

40

50

Figure 14 The same data as in Figure 11, but here
the change in mass is plotted. Now it looks like
Figure 13
the eggs that were in higher concentrations of salt
Figure 15 data
gained less mass – or did they?
were immersed in lowerOven
concentrations of salt to

the membrane at higher temperatures. Maybe the
change in weight of the eggs in the refridgerator, incubator,
higher The
temperature
is making the membrane more
and oven after 45 minutes in solutions with 0 g, 15 grams,
30 grams
and 45the
grams
of saltreleases NaCl
permeable to NaCl.
Thus
egg
8
and7 does not increase so much in mass. But why
6
should
the egg actually decrease in mass?
5
This
shows how the process of doing the
4
experiments
resulted in raising more questions
3
than2 it answered. This is one of the goals I was
1
hoping
for.
0
Refridgerator
Incubator
Oven in
‐1Another
group had particular
difficulty
‐2
analysing
their
data
(Figure
16).
Although
some of
‐3
them initially complained that this experiment was
a failure, all the students in this group ended up
writing good reports (and getting good grades), as
judged by the objectives in Table 1. For example,
Change in weight of Egg (g)

80
gain
more mass, except for the curious case of the
70
egg
that was immersed in the highest concentration
of60salt. This is a good demonstration of the use of
50
appropriate visual imagery in science.
40
Another student in this group made the graph
C
30
shown in Figure 15 to summarise
the same results.
C1
20
C2
After 45 minutes, the masses
of
the
eggs increased
C3
10
in inverse proportion to the concentration of NaCl,
0
0 at the 10
20
30
40 This 50
except
highest NaCl
concentration.
(minutes)
graph also shows that,Time
at higher
temperatures,
a shell-less egg is isotonic to a solution of
lower NaCl concentration. In other words, the
osmolarity decreases with increasing temperature.
Why should this be? One reason the students
suggested was that maybe NaCl does pass through
the membrane, and more NaCl passes through
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Figure 15 data

8

‘proof’ in science is a matter of obtaining sufficient
evidence and, in this case (as is usual), there is
evidence both for and against the hypothesis.
The student has learned that a proof is a matter of
probability. If a probability is high enough, we may
as well use the word proof, as long as we realise
that we are still free to question and disprove the
proof – if we can obtain enough evidence from our
observations and measurements.

The change in weight of the eggs in the refridgerator, incubator,
and oven after 45 minutes in solutions with 0 g, 15 grams,
30 grams and 45 grams of salt

Change in weight of Egg (g)

7
6
5
4
3
2
1
0
Refridgerator

‐1

Incubator

Oven

‐2

Conclusion

‐3

Figure 15 One student made this bar graph to
summarise the results of the entire experiment. A
strange trend is shown.

here is how one of the students summed up
the conclusions:
8 hours might have been too long a time gap to
check the gain in mass. Maybe the main changes
took place before the first check point itself and
the results after that were not due to osmosis but
were due to something else . . . By the time we
began with the experiment the eggs might have
started to rot.
From the above data collection and analysis it can
be seen that egg 1, 2, 3 and 5 prove [the] hypothesis
right whereas egg 4 and 6 disprove the hypothesis.
The reasons for the deviations from the hypothesis
could be attributed to the following things . . .
The data forced the students to think hard. I
did not object to the use of the word ‘prove’ in the
above quote. The student saw that the concept of

Through this activity, students improved their
understanding of osmosis. They also investigated
the nature of science, which helped them improve
their scientific temper, which is needed for living
meaningful lives in which people can be active,
purposive participants in society. (Developing
scientific temper is listed as a ‘Fundamental Duty’
in the Constitution of India.) If we see science
as a process – not just a list of facts – we should
be interested in helping the students learn to do
this process. The goal is not to just find simple
answers but to find out that events and processes
in the real world are complex, interdependent and
constantly changing. Students need to see that
things and processes cannot be easily fitted into
fixed, individual compartments. Perhaps becoming
confused is sometimes a worthwhile goal.
As part of the report that the students were
asked to write, they were supposed to find
relevant references in the literature to compare
with their results and to help them form
conclusions. Unfortunately, they were not able
to access much of the relevant material because

Figure 16

Change in weight of the egg between initial reading and reading at 0, 8, 16, 24, 32, 40
and 48 hrs
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Egg 2 in solution with 400 cm3 of water and 28.4 g of salt
Egg 3 in solution with 400 cm3 of water and 56.8 g of salt
Egg 4 in solution with 400 cm3 of water and 85.2 g of salt
Egg 5 in solution with 400 cm3 of water and 113.6 g of salt
Egg 1 in solution with 400 cm3 of water and 142 g of salt
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Figure 16 Any way you look at it, this set of data is hard to interpret. As with the other student graphs, this
graph is shown as the student made it. It is not clear whether the student made an error in naming the last
egg, or some more serious error.
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payments are required. However, there were some
interesting old articles that were helpful.
Atkins (1909) reported that the egg membrane
is permeable to both NaCl and dilute HCl. Even
the process of removing the eggshell may change
the osmolarity of the egg:
Acetic acid also penetrates the two membranes,
for if an egg be placed in the dilute acid till the
shell is dissolved, and then washed and placed in
distilled water, it will be found that the egg swells
greatly – to nearly twice its former volume, in fact.
The water surrounding it becomes acid, even after
numerous changes. If now the egg be placed first
in a strong solution of sodium chloride, and then
in water, it will swell again, and in this condition
may be freely handled without risk of puncture. If
the membrane be cut after the shell is dissolved,
the egg will be found to be coagulated by the acid,
having the appearance of having been boiled.
This is just what some of the students had found
(Figures 17 and 18). In another article, Stadelman
(1994) reported that when eggs are held for a
number of days, bacteria penetrate the egg shell and
the membranes and enter the albumen. It is likely
that this had occurred in our eggs, which could
explain the data collected after the first 3 hours.
At the end of the session, I asked the
students what it means for an egg to be rotten.
Many of them did not realise that there must be
microorganisms in a rotten egg that are digesting
the egg and releasing waste products. It is not
obvious how microorganisms get inside an egg. Do
they enter in utero, before the shell is formed? Or
can microorganisms pass through the shell? Does
the shell itself begin to deteriorate after some time?
Can microorganisms pass through a membrane?
What difference does it make if an egg is kept
in a refrigerator? Many students did not realise

Figure 17 A student’s photograph of the shell-less
eggs at the end of their experiment, in which they
were testing the effects of immersion in 1.0 mol dm−3
HCl. (At this concentration the solution does not cause
burns or irritation, and the eggs are safe to handle.)

Figure 18 The same eggs as in Figure 17, a
moment later (this experiment called for protective
eyeglasses, averted faces and careful hand washing)

that a refrigerator just slows down the metabolic
processes that are occurring (in microorganisms as
well as in eggs). Any of these questions could be
the basis for further experiments.
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