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Abstract 
The paper presents seven tasks including experiments with hydrogel pearls. The tasks lead 
students through hydrogels’ properties such as swelling, mechanical properties and 
optical properties. The proposed experiments encourage students of different learning 
abilities to cooperate in experimenting and to learn science. 

Introduction 

Teachers at school meet with students with different backgrounds and abilities. Their 
teaching mostly focus to the students of the same age who come from similar backgrounds 
and have similar experiences, even though teachers try to implement individualization and 
differentiation. It is well-known that teachers are more active in teaching the weaker 
students whether the students do not perceive the teacher’s activity as a help [1,2]. On the 
other hand, it was identified that successful students are less motivated for learning in the 
class and more critical to the teaching of science subjects. However, the researches show 
that giftedness exists in different groups of students [3]. Conservative views of giftedness 
and traditional ways of identifying giftedness often create obstacles for underprivileged 
groups of students. These students might have low reading skills that lead them to 
disadvantage in learning science and in performing on tests [4]. Science language is a 
unique feature with specialized vocabularies and students for complete comprehension 
must know the vocabularies. Therefore, it is important that the used language is clear and 
less complicated. 
In the paper, we present the interdisciplinary topic reflecting the ongoing research – 
hydrogels – and pose seven tasks. The tasks where students’ backgrounds play a minimal 
role might help to stimulate students of different learning abilities during hands-on 
experiments with hydrogel pearls for observing and learning science. 

About hydrogels 

Hydrogels are examples of gels being used in many products. They are present in diapers, 
contact lenses, cosmetic products, decorative pearls for plants for moistening the plants, 
artificial tissues, perfumes, some medicines, etc. [5-7]. The important property of 
hydrogels for their use in diapers and in the pearls for moistening the plants is water 
absorption, its retention and release. Hydrogels retain water and are not like sponges. The 
hydrogels are dry after the considerable absorption of water. Some superabsorbent 
hydrogels have the swelling ratio up to 500. Hydrogel systems are also known as smart 
systems, meaning that they are chemically and structurally responsive moieties showing 
responsiveness to external stimuli. The mentioned shows the huge potential of hydrogels 
for scientific observations and for various advanced technological applications.  
However, hydrogels offer a rich learning environment for an illustration of various 
concepts in teaching physics in mechanics or optics and a development of inquiry skills. 
Hydrogels are in our everyday use and mostly we are not yet aware of their existence. In 
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fact, a study with pre-service primary school teachers shows that they have limited 
knowledge about them [8]. Few students listed some hydrogel products and knew that 
hydrogels absorb large amount of water. Which fluids hydrogels absorb, what is their 
refractive index, do they retain the water under the high pressure, and others, are things 
known to a very small number of pre-service primary school teachers. Therefore the 
context of hydrogels, due to the non-existent prior knowledge of mostly all students, might 
be used for stimulating students from underprivileged groups. 
 
The topic hydrogels is transferable to school curricula. From the review of curricula for 
science subjects at different levels of education, it is evident that hydrogels can be 
implemented at all levels of education - from the kindergarten to the university level. At 
the same time, the curricula for science subjects emphasize the importance of active 
learning methods. The importance of developing experimental and research methods, 
identifying variables, interpreting experimental results and linking with theory, explaining 
the findings and understanding the impact of science, mathematics and technology on 
society’s development and the environment is highlighted as well [9-12]. During learning 
about hydrogels, students can deepen concepts: absorption, focal point, refraction and 
reflection, fluorescence, density etc. However, it is important that teachers adapt the 
learning contents and the vocabulary to the audience. 
 

Tasks with experiments 

In this chapter, seven tasks including experiments with hydrogels are briefly presented. 
According to the identified science knowledge and science processes that can be developed 
by students several experiments with hydrogels might be carried in schools. Some of them 
are absorption of water, the hydrogel pearl growth, density of hydrogel pearls, a hydrogel 
pearl in the water, laser beams and hydrogel pearls, the hydrogel pearl as a magnifying 
glass, the hydrogel pearl in acidic media, hydrogels under the pressure, freezing point of 
hydrogels etc. [6,8]. Most of the listed experiments were already evaluated with different 
groups of students and teachers [8, 13-15]. The description of seven tasks that include 
experiments with hydrogels and questions or observations that might raise the curiosity and 
stimulate students, with different learning abilities and from different backgrounds, to learn 
and develop skills are presented in the following. 

Task 1: Swelling of hydrogels 

At task 1 students immerse a hydrogel pearl in the water and carefully observe the pearl for 
a while. Their task is to describe the process. If students follow to the mass change of 10 
hydrogel pearl they get the graph presented in Figure 1. Careful observations might bring 
to the front that the surface of the hydrogel pearl is not smooth at the beginning of the 
swelling (Figure 2). The deeper study of the hydrogel pearl’s swelling shows two process 
in competition. The first process is a water transport through the pearl‘s surface where 
molecules cross the hydrogel surface and attach the polar hydrophilic groups close to the 
surface that leads to the rearrangement of the network. The second process is water 
transport from the more hydrated regions closer to the pearl‘s surface to less hydrated 
interior. This cause the filling of the space among network polymers, large pores and other 
due to the osmotic pressure [16]. 
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Figure 1. Time dependence of mass of 10 hydrogel pearls. 

 

Figure 2. Hydrogel pearl during the growth under the USB microscope. The surface of the 
pearl is not smooth. 

Task 2: Floating and sinking 

Students have many misconceptions including that the light object floats and the heavy 
sinks, the small object floats and the large object sinks etc. [17]. It was found out that the 
lessons based on the hands-on activities have a significant positive effect on students´ 
understanding of concepts of floating and sinking. One of the hands-on activities that 
might eliminate the mentioned misconceptions is that students make a liquid layer density 
column and take 3 hydrogel pearls with different diameter (Figure 3). Firstly, they immerse 
the middle pearl into the column. Then they predict what will happen with the greatest and 
the smallest pearl in the column and afterwards they try it. 

    

Figure 3. Three hydrogel pearls with different diameter in the liquid column (glycerine, 
detergent, water, oil). 
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Task 3: Deformation of the hydrogel pearl 

Why hydrogels are useful in the personal hygiene products might be figured out with the 
experiment where pupils compare the cotton balls, sponges, paper towels and hydrogel 
pearls. Firstly, they have to design experiments for showing the differences between them. 
However, the main finding is that under the pressure the hydrogel pearl deforms and water 
does not leak out of it (Figure 4). Students could also test fragility, strength and hardness of 
the hydrogel pearls and compare these hydrogel pearl‘s properties to other materials and 
then justify the use of the material in the certain product. 

 

Figure 4. Deformation of the hydrogel pearl. 

Task 4: Linear vs. nonlinear functions 

School physics often shows linear functions, such as in Ohm’s law, Hook’s law, linear 
motion etc. List of examples from primary and secondary school where students practically 
experience non-linear functions is negligible. One simple hands-on experiment where 
students can experience non-linear function might be carried with hydrogel pearls. 
Students fill the test tube with the hydrogel pearls, apply force and measure the shrinkage 
versus force (Figure 5).  

 

Figure 5. Hydrogel pearls in the test tube. The applied force results in a non-linear 
shrinkage of the hydrogel pearls’ column. 
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Task 5: Hydrogels as smart materials 

Hydrogels are smart materials because they respond to the external stimuli. However, 
students make a list of simple hand-on experiments for testing whether the proposed 
hydrogels are smart materials. They might carry the experiment where hydrogel pearls are 
immersed in hot and cold water (Figure 6), acid solutions (Figure 7) and salty water 
(Figure 8) [8]. 

 
Figure 6. Hydrogel pearls after being immersed in cold water (on the left) and warm water 

(on the right) for 30 minutes. 

 
Figure 7. Hydrogel pearls after being immersed in solution of acid with different pH, from 

the most acidic one to the neutral one. 

 
Figure 8. Hydrogel pearls after being immersed in salty water and water. 

Task 6: Hydrogel pearl in fire 

Some hydrogels might be used to protect buildings and plants against fire [18]. Students 
have to think how they would demonstrate that hydrogel pearls do not burn/degenerate 
immediately while heating. They can try it with one hydrogel pearl on the stand and a 
candle (Figure 9) or with the plenty of them on the cooking pan on the heater. 
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Figure 9. Heating the hydrogel pearl. 

Task 7: Optical properties of hydrogel pearl 

Hydrogel pearls are mainly made of water. They have interesting optical properties. 
Students might predict whether the hydrogel transparent hydrogel pearls are visible in 
water. Later they try it and explain the observations (Figure 10). Teacher might challenge 
students by questions as if yellow hydrogel pearl is visible in oil or how one can detect the 
hydrogel pearl in the water, oil. 
Hydrogel pearls might be used as a magnifying glass or lens. Students take a hydrogel 
pearl and observe the world through it (Figure 11). They describe the observation. They 
can try with the laser beam to identify the focal point of the lens. The challenge for 
students follows. Is it possible to send an information through the hydrogels and how 
(Figure 12)? 

    

Figure 10. Light blue hydrogel pearls in the glass without (left) and with the coloured 
water (right). 
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Figure 11. Hydrogel pearl as a lens. 

 
Figure 12. “Curving” the laser beam path. 

Teacher can pose the following challenge to students as well. There are 3 hydrogel pearls 
in front of you. Describe in which properties they might differ (Figure 13). Suggest 
experiments that might show the existing differences. Use the green laser pointer. They can 
identify that the hydrogel pearls differ in size and optical properties. The middle-sized 
pearl change the properties of incident green light (fluoresces under green light because it 
consists a specific fluorescent dye). 
Teacher can also prepare a hydrogel pearl that was previously immersed in drink with 
quinine. The hydrogel pearl under ultraviolet light fluoresces because it also absorbs 
quinine saluted in water (Figure 14). 

 

Figure 13. Directing a green laser beam on the 3 light pink hydrogel pearls which differs in 
diameter and optical properties. The middle one fluoresces under green light. 
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Figure 14. Hydrogel pearl was immersed into the drink with quinine therefore it 
fluorescence under ultraviolet light. 

Conclusion 

From the paper, it is evident that hydrogels are the subject of current research and used 
daily, and as well the environment in which students with different learning ability and 
backgrounds may come to the front due to the non-existing differences in prior knowledge. 
On the other hand, with the hands-on experiments, it is possible to gain the experience with 
the hydrogels and the limited reading abilities do not play a significant role in students’ 
progress due to short instructions. The shortly described experiments indicate the 
guidelines for teachers how to introduce hydrogels to students and certainly rise to ideas 
for further experimenting with hydrogels. 
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