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Background to the challenges 
 chemistry poses for students with 
vision impairment
 
Chemistry can be challenging for pupils with vision impair-
ment (VI) because it involves visual laboratory observations, 
quantitative dispensing of chemicals, and complex diagrams. 
Pupils with VI are often excluded from active participation in 
laboratory experiments, with sighted partners or assistants 
carrying out the experiment instead. Some specialist equip-
ment is available, such as talking thermometers or timers. 
However, these can contribute to a feeling of self-conscious-
ness or otherness. 

Inclusive education aims to allow all students to learn in the 
same environment.[1] To allow diverse groups to learn side 
by side, it is important to design experiments and apparatus 
that adhere to universal design. This means creating prod-
ucts and activities that are accessible to all without the need 
for adaptation. In the specific case of pupils with VI, univer-
sal design allows them to participate alongside their sighted 
peers in scientific experiments.  Multisensory experiments 
may also enhance understanding for sighted students. 
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Simple adaptations for existing 
 experiments
There are simple ways to adapt existing experiments to make 
them accessible for students with VI and allow them to work 
independently. Compared with observing an assistant per-
form the experiments, this allows VI students to feel more 
engaged and enthusiastic.

Gravimetric measurements
Weighing reagents is a significant challenge for pupils with 
VI. Talking balances are available but these are designed for 
weighing large masses in the kitchen. Since they are also 
costly, they would have to be used only by the pupil with VI, 
which would contribute to a feeling of otherness. An alter-
native option is for teachers/technicians to determine the 
equivalent volume of a material that corresponds to a de-
sired mass. For example, tablespoons of activated carbon, 
scraped level with the flat back of a knife, provide a con-
sistent mass (figure 1). Kitchen measuring spoons are read-
ily available and can be provided to the whole class at low 
cost. If all students use the same spoons, then no student 
feels different. It should be noted that larger grain materials 
are not as consistent in mass when measured in very small 
spoons.   
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Volumetric measurements
Adding dye to solutions to increase contrast, or using large 
print or tactile labels on measuring apparatus, can make 
it easier for pupils with VI to take measurements. Howev-
er, these adaptations still rely on partial sight. We have de-
veloped a simple and effective alternative to this. Notched 
 syringes (figure 2) can be made to measure a specific volume. 
It would be possible to cut multiple notches to allow one 
syringe to be used for multiple volumes, but this could cause 
confusion.[2]

The procedure for making a notched syringe is as follows: 
1. The plunger is pulled up until the base of the plunger is 

level with the intended volume.
2. The notch is cut with a scalpel so that the bottom of the 

notch is in line with the top of the barrel.

3. Bumpons (raised stickers) are used to label the intended 
volume for the syringe. 

The procedure for using the syringes is as follows: 
1. The maximum amount of liquid that the syringe can hold 

is withdrawn from the beaker containing the reactant.
2. The user places a finger in the notch and pushes it down 

until the bottom of the notch is in line with the top of 
the barrel, expelling liquid back into the first beaker.

3. The liquid that remains in the syringe is transferred to 
the reaction vessel.

Pupils with VI said that these syringes would allow them  
to “perform practical work without assistance” and to be 
“confident in science.”  

Figure 2: a) A 5 mL syringe modified by cutting a notch in the plunger such that the bottom of the notch is in line with 
the top of the barrel when there is 5 mL in the syringe. b) A syringe filled to full capacity. c) The liquid remaining in 
the syringe once the notch is in line with the barrel is deposited into the reaction vessel. d) Syringes with intended 
volumes of 5mL, 1mL, and 0.5mL, made by cutting notches in different parts of the plunger.
Image courtesy of the authors
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Figure 1:  Measuring spoons containing activated carbon
Image courtesy of the authors
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Experiments that are accessible to 
students with VI
In addition to adapting equipment for measurement, it is 
possible to design experiments that use senses other than 
eyesight.
 

Examples of experiments that utilise smell
There are a range of existing experiments with an olfactory 
component that lend themselves naturally to inclusivity and 
universal design, such as esterification. The kinetics of ester 
formation by Fischer synthesis can be explored by varying 
the alcohol and carboxylic acid structures and monitoring 
the rate at which the ester can be smelt.[3]

ChemBAM-VI is a project that was set up to provide exper-
iments and activities that are inclusive to students with 
VI. One experiment we created as part of the ChemBAM-VI 
project compares activated carbon and BBQ charcoal for re-
moving fragrances from water.[4] This is a way to introduce 
concepts such as water treatment, porosity, adsorption, and 
intermolecular interactions. The same experiment can be 

done with coloured dyes, but the olfactory version is acces-
sible to pupils who are sighted or who have VI. 

Additionally, we developed an olfactory titration by using 
 onions as the indicator for an NaOH–HCl titration.[5] The ex-
perimental setup can be seen in figure 3.

Experiments and resources utilizing sound
Titration ColorCam is an app that can convert the colour 
change in titration experiments into beep sounds and vibra-
tional pulses.[7] It is effective at detecting colour changes of 
specific indicators and informs users before and upon reach-
ing the end point.

Experiments and resources utilizing touch
Compared with vision and hearing, touch has been found to 
be superior for processing material characteristics and the 
detailed shapes of objects. LEGO bricks can be used as a tac-
tile teaching resource to teach concepts in chemistry such 
as periodic trends, molecular orbital diagrams, and electron 
configuration, as shown in figure 4. This simple yet effective 
initiative shows the potential for using low-cost household 
items as teaching resources.

Figure 3: a) Onion is soaked in aqueous NaOH and b) the resulting NaOH solution is titrated with HCl.  
Image adapted with permission from Ref. [6]

Figure 4: An example of LEGO bricks illustrating periodic trends in the electronegativity of elements
Image courtesy of the authors
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ChemBAM is an outreach project run by chemists at the 
University of Birmingham. The project is focused on bring-
ing chemistry to life by linking the curriculum to real-world 
chemistry. ChemBAM-VI is a special project that aims to make 
chemistry accessible for pupils with vision impairment.  
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Resources

 ⦁ Find teaching tips for students with VI from the National 
Science Teaching Association 

 ⦁ Try olfactory titration with an onion indicator

As part of the ChemBAM-VI project, we have designed a 
 tactile chromatography column.[8] Plastic balls and wool felt 
balls illustrate the mixed components and the strips of hook 
tape lining the plastic tube represent the stationary phase 
(figure 5). Wool felt balls stick to the tape, while smooth plas-
tic balls fall through. The balls that have fallen through can 
be felt and the column is large enough that it can also be 
explored by hand. This allows students to determine which 
material has interacted with the hook tape. This can be used 
to explain the concept of column chromatography and mix-
ture separation to sighted students and those with VI. 

Figure 5: Picture showing the Velcro-lined column and  
balls used in the chromatography model
Image courtesy of the authors

Conclusion
Teachers may assume that VI students cannot take part in 
most chemistry experiments, meaning these students often 
rely on assistant support. Integrating  students with VI into 
practical classes by running experiments that use senses 
other than sight can add great value to their science edu-
cation. Simple adaptations that allow pupils with VI to par-
ticipate more actively in laboratory work can be worthwhile 
and meaningful. Not only do students with VI benefit from 
feeling included in the laboratory, but the experiments en-
hance understanding and memorization for sighted students 
by offering them additional approaches to understanding the 
content. 
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 ⦁ Investigate water treatment with activated carbon in an 
inclusive experiment with an olfactory readout

 ⦁ Investigate the kinetics of ester formation using your 
nose

 ⦁ Use an app to make titration experiments more accessible 
for students with colour blindness and visual impairments.

 ⦁ Read an article on how to run effective demonstrations in 
science lessons: Walsh E (2021) The art of science demon-
stration. Science in School 55.  

 ⦁ Find out more about inclusivity in education: Watts EM, 
Weirauch K (2022) Inclusive lesson plans using the NinU 
grid. Science in School 57. 

 ⦁ Learn about the nature of science by investigating a 
mystery box without peeking inside: Kranjc Horvat A et al. 
(2022) The mystery box challenge: explore the nature of 
science. Science in School 59. 

 ⦁ Try a multisensory squid dissection to explore cephalo-
pod physiology: Marra MV et al. (2023) Squid dissection: 
a hands-on activity to learn about cephalopod anatomy. 
Science in School 62 
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