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Abstract. Capability loss simulators give designers a brief experience of some 
of the functional effects of capability loss, thus helping them to understand ca-
pability loss better. Wearable simulators, such as vision simulator glasses, can 
also be worn while using products and prototypes to help identify usability 
problems. However, this process can be confusing. This paper presents a simple 
procedure for using vision impairment simulators to assess the visual clarity of 
product features. The procedure provides clear results that are linked to the 
numbers of people in the population affected by the issues identified. It was 
tested with eight accessibility specialists and product developers. Results indi-
cate that they can use this method effectively, and find it useful. 
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1 Introduction 

In order to design inclusively, designers need to understand the challenges faced by 
people with capability loss. Capability loss simulators are one way to do this. They 
give designers a brief experience of some of the functional effects of capability loss 
for themselves [1, 2]. This can be done by wearing equipment that restricts one’s 
motor or sensory capability, such as body suits [3] or pairs of glasses [4]. Software 
can also be used to show how things might appear to someone with a sensory impair-
ment, e.g. [5].   

Capability loss simulators can help designers and other stakeholders to understand 
capability loss, and to develop empathy with people with impairment. Wearable simu-
lators can also be worn while using products and prototypes to provide insight into the 
effect of capability loss on product use and to identify usability problems. As such, 
they are not intended as a replacement for involving users, because they are limited 
and cannot convey the full experience of someone with an impairment. However, they 
provide a useful complement to user involvement, providing initial usability feedback 
before designs are taken to users and helping designers to internalise information 
gained through other methods. 

However, identifying usability problems using simulators can be confusing. Simu-
lators often do not specify what level of impairment is simulated (e.g. [3]), or how 
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many people have that level of impairment. This can make it difficult to determine 
whether a usability problem will affect many of the target user group or just a few.  

This issue has been addressed through work on the Cambridge Simulation Glasses 
[6]. These vision impairment simulators can be layered to simulate greater levels of 
impairment. Recent work has calculated the level of visual ability loss simulated by 
different numbers of glasses. This can be used to estimate how many people would be 
excluded from using a product based on the number of glasses it is useable with [4]. 
However, experience with designers indicates that the figures on vision capability and 
exclusion levels can be confusing to understand, calculate and apply.  

This paper presents a simpler procedure for assessing a product using simulator 
glasses. The procedure gives clear advice on whether the product needs further work 
or not, depending on whether it passes or fails a standard benchmark. It is described in 
Section 2, with examples in Section 3. The statistics and calculations behind the pro-
cedure are described in Section 4. Results from evaluating the method with accessibil-
ity specialists and product developers are given in Section 5. 

2 Assessment Method 

2.1 Testing the Assessor’s Vision 

The first part of the assessment method is a very simple test of the assessor’s vision. 
In this paper, “assessor” refers to the person doing the product assessment. The vision 
test is important because a person’s starting vision affects their level of visual ability 
when wearing the simulator glasses. With the same number of simulator glasses, 
someone with average starting vision experiences worse visual ability than someone 
with excellent starting vision [4]. Furthermore, there is some variation in starting 
vision, even within a group of young designers with “normal” vision. Knowing the 
assessors’ starting vision abilities means that they can each wear the right number of 
glasses so that they all experience roughly the same level of visual ability. 

The test chart used is shown in Figure 1 on the following page. It is attached to a 
wall at eye level at a distance of 150cm. Assessors wear their normal corrective 
glasses or contact lenses, but no simulation glasses. They read down the chart to  
identify the smallest row on which they can read at least 7 letters correctly. The in-
structions next to this row indicate which sheet to use in the rest of the procedure. An 
assistant may be needed, to confirm whether assessors have read the letters correctly 
or not.  

The assessment method is not suitable for use by people with poorer levels of vi-
sion (worse than 20/281), i.e. people who cannot read the second line on the test chart. 
This is because the primary aim of the method is to help designers with good levels of 
vision to understand the needs of people with vision impairments. By focusing on just 

                                                           
1  In this paper, visual ability is described using Snellen notation (20/X). 20/20 is often de-

scribed as “normal” visual ability, although many people have better vision than this. 
Smaller values of X (e.g. 20/16) indicate better visual ability, and larger values indicate 
worse. 
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this target group of designers, the assessment procedure can be greatly simplified to 
use only two very similar flowcharts (see Section 2.2). The simulators themselves can 
be used by designers with all levels of starting vision [4] but the assessment procedure 
is more complicated. 

The test chart is based on the letter charts used in the Towards Better Design sur-
vey [7, 8]. This means that the levels of simulated visual ability can be compared with 
results from the survey to indicate the numbers of people with those levels of vision, 
as described in Section 4. The particular levels of vision assessed in the chart were 
chosen so that the vision levels while wearing the simulator glasses correspond to 
particular percentages of people in the population (see Section 4.3).  

 

Fig. 1. Vision chart used in testing the assessor’s vision (For illustrative purposes only: note 
that this is not printed at the appropriate size for use in testing vision) 

2.2 Assessing the Visual Clarity of a Product Feature 

First of all, assessors specify the product they are going to assess. Rather than assess-
ing the whole product at once, they specify a particular user goal with that product, 
and then assess the clarity of the product features required to achieve that goal. For 
example, using a mobile phone can involve many different goals, such as charging the 
phone, making a phone call, and reading a text message. These involve different 
product features and thus have different levels of accessibility. By examining a single 
goal at a time, the assessment is more focused and effective. Assessors also specify a 
use scenario, as levels of accessibility vary depending on aspects such as lighting and 
the user’s prior knowledge.  

In the assessment itself, assessors use assessment sheet A or B, depending on their 
starting vision. The sheets each contain a flowchart, summarizing the procedure to 
follow, as shown in Figures 2 and 3 on the following page. The flowcharts (and thus 
the procedure) are identical except for the number of glasses to wear at each stage. 
Assessors with excellent vision wear more simulator glasses than those with 
good/average vision to achieve the same levels of simulated vision ability. 

Assessors start by wearing the number of simulator glasses listed in the first di-
amond. The glasses used are the Cambridge Simulation Glasses (Figure 4). These 
restrict the ability to see fine detail and perceive contrast differences, and can be 
layered to simulate greater levels of impairment [6].  
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Fig. 2. The assessment procedure flowchart for assessors with good/average vision (visual 
ability between 20/16 and 20/28) 

 

Fig. 3. The assessment procedure flowchart for assessors with excellent vision (visual ability 
better than 20/16) 

 

  

Fig. 4. Cambridge Simulation Glasses 

The assessors examine the product features while wearing the specified number of 
glasses. This may involve trying to read text on the product, discern icons, perceive 
salient details in images or distinguish parts of a product from each other visually. It 
is important that assessors keep the product at a normal working distance while doing 
this, to avoid skewing the results. 
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If the assessor can see the product feature successfully, it is rated “Green” as indi-
cated by the leftmost box in the flowchart. This indicates that less than 1% of the 
population is excluded from using that product feature on visual grounds (see Section 
4 for calculations). The product has passed this basic visual accessibility check, al-
though this does not, of course, guarantee that there are no accessibility problems 
overall. Ideally, this procedure should be used together with user involvement as part 
of an overall inclusive design process [9].  

If the assessors cannot distinguish the product feature successfully, they remove 
one set of glasses. Thus people with good vision wear two pairs of glasses, and those 
with excellent vision wear three, as shown in the second diamond in the flow charts. 
They then examine the product feature again. If they can distinguish it successfully 
this time, it is rated “Amber”. This indicates that between 1 and 6% of the population 
is excluded from using that product feature on visual grounds. The design of the fea-
ture should be improved if possible, but it may not be the highest priority. 

If the assessors cannot distinguish the product feature successfully while wearing 
the second set of glasses, then it is rated “Red”. This means that more than 6% of the 
population is excluded from using it on visual grounds. It really needs to be improved 
to reduce user frustration, avoid losing customers, and include the senior market. 

3 Example Assessments 

Before examining any products, the assessor’s vision was tested using the test chart in 
Fig 1. She could read all the letters on the bottom line of this chart, and thus used the 
flowchart in Fig 3 for the assessments below.  

3.1 Assessment 1: Box of Biscuits 

The assessor examined the visual clarity of the ingredients list on a box of biscuits, 
shown in Fig 5. The product goal was to determine whether the biscuits contained 
milk. The scenario involved the biscuits being selected by someone unfamiliar with 
the biscuits or their ingredients, in an indoor setting with good daytime lighting. 

 

Fig. 5. Portion of the biscuit box used in the assessment, showing the ingredients list 
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Following the procedure in Fig 3, the assessor started with four pairs of simulator 
glasses. With these, she could not read the ingredients sufficiently clearly to tell if 
they contained milk. Therefore, she tried again with three pairs of glasses, as indi-
cated in the second diamond in Fig 3. This time, she could read the ingredients suc-
cessfully. Thus, this product feature was rated Amber. This means that between 1% 
and 6% of the population would be excluded from reading the ingredients list. The list 
should be improved if possible. An obvious way to do this is by increasing the font 
size. However, there are other ways of doing so without taking up more space on the 
packaging, such as using a bolder font, or darkening the background to increase the 
contrast of the letters.  

3.2 Assessment 2: Digital Camera 

The second assessment examined the visual clarity of the PC/AV port on a digital 
camera (see Fig 6). The product use task was to insert the cable into the port, in good 
lighting, without knowing the location of the port on the camera. 

 

Fig. 6. Digital camera used in the assessment, with close-up of the PC/AV slot 

As before, the assessor started with four pairs of glasses. While wearing these, she 
was able to find a slot of approximately the right size and shape. By trying to insert 
the cable in this slot, she determined that it was indeed the right slot, and succeeded at 
the task. Thus the slot was rated Green, as shown in Fig 3. Less than 1% of the popu-
lation would be excluded from using it on visual grounds alone. 

However, users with lower levels of prior knowledge or confidence may not be 
willing to insert a cable into an unknown slot. Furthermore, many could not rely on 
touch feedback to determine if the cable fits properly. It is, therefore, also important 
to examine the visual clarity of the text label next to the slot, which reads “PC/AV”. 
The assessor was unable to read this while wearing four pairs of glasses, or even with 
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three pairs of glasses. The text label is therefore rated Red, meaning that more than 
6% of the population would not be able to read it. It fails our benchmark, and needs to 
be improved. This could be done by increasing the contrast of the text. To avoid the 
cost of having to print an additional label, the text could be printed on an existing 
nearby label (such as that containing the serial number), which could be repositioned 
appropriately. 

4 Underlying Calculations 

4.1 Exclusion Calculations 

Product features are rated as Green, Amber or Red, depending on the proportion of 
the population that would be unable to see them, and thus be excluded from their use. 
The exclusion calculations are best explained using an example, summarized in Table 
1. Consider the assessor from Section 3. She could read the bottom line on the vision 
chart and thus has visual ability better than 20/16. The best human visual ability is 
around 20/9 [12]. However, this is rare, and the distribution of visual ability in the 
population means that most assessors in this range actually have vision between 20/16 
and 20/11. 

Table 1. Exclusion calculations for an example (Amber) assessment 

 Example assessor with “excellent” vision  
(i.e. who can read the bottom line on the test chart) 

Worst vision in this range Good vision in this range 
(most assessors in this range 
have vision worse than this) 

Starting visual ability (VA) 
(Snellen visual acuity) 

20/16 
 

20/11 
 

VA with 3 pairs of simulator 
glasses 

20/49 
 

20/34 
 

Estimated exclusion for a 
product that is just viewable 
with 3 pairs of glasses 
(weighted percentage of 
survey sample with VA 
worse than that simulated by 
3 pairs) 

1.0% 4.9% 

 
We measured twenty participants to determine the effect of different numbers of 

simulator glasses on people’s vision (unpublished study, c.f. [4]). There is some varia-
tion between individuals, but it is small enough that the mean values can be used to 
estimate the assessor’s visual ability while wearing three (or four) pairs of glasses (see 
Table 1). 
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The assessor could read the ingredients list on the box of biscuits with three pairs 
of glasses, but not with four (Section 3.2). It is reasonable to assume that people with 
visual ability (VA) equivalent to (or worse than) four pairs of glasses would not be 
able to read the ingredients list. They would thus be excluded from it. Similarly, we 
assume that people with VA equivalent to (or better than) three pairs would be able to 
read the ingredients and thus not be excluded.  

The precise level of VA required to read the ingredients is unknown but lies 
somewhere between these two values. In the worst-case (most exclusive) scenario, it 
lies just below the VA with three pairs of glasses. People who have VA equivalent to 
three glasses can just manage to read the ingredients, and so are included. Everyone 
with worse VA is excluded. This forms a conservative estimate of exclusion. Using 
this estimate ensures that anyone who is actually excluded is counted in the estimate, 
at the risk of counting some people who may not actually be excluded (but may still 
find the product difficult to use). Using a conservative estimate encourages designers 
to think inclusively. 

Thus exclusion is estimated by adding up all the people in the dataset with vision 
worse than that simulated by three pairs of glasses (see Table 1 for results). More 
details of how this is done can be found in [4]. The dataset used comes from the To-
wards Better Design survey [7, 8]. This survey tested a range of user capabilities re-
lated to product design. It was chosen because it covers a wide range of vision and 
other capability measures, meaning that exclusion for other impairments and combi-
nations of impairments can also be calculated [10, 11]. However, in this paper, we 
focus only on the vision results. 

Although the survey was relatively small (362 people), it was postcode sampled 
across England and Wales and weighted for age and gender. Thus, it can give a good 
indication of exclusion on a wider scale.  

In the example, it is likely that between 1.0% and 4.9% of the population would be 
excluded (see Table 1). The ingredients list is thus rated Amber (1-6% exclusion). 
Similar calculations were done for assessors with different starting vision, and differ-
ent numbers of simulator glasses. 

4.2 Choice of Assessment Bands 

The assessment procedure gives banded results (Green, Amber and Red) rather than 
exact exclusion values. This was chosen for two main reasons. Firstly, it is of little 
interest to a designer whether the exclusion is exactly 2.6%. It is more practically 
useful to know whether it falls within a band that requires further action (e.g. between 
1% and 6%). Secondly, the exact level of exclusion depends on the exact visual abili-
ty of the assessor. However, in practice, it is difficult to measure visual ability exact-
ly. For practical reasons, the assessment uses a simplified vision test to estimate the 
assessor’s visual ability within a range (e.g. between 20/16 and 20/28). 

The Green, Amber and Red bands correspond to: less than 1%; 1% to 6%; and 
greater than 6% exclusion. These were chosen because they roughly correspond to 
levels of exclusion that designers can relate to. Ergonomics books commonly refer to  
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95th and 99th percentiles, corresponding to 5% and 1% exclusion (e.g. [13], p28). 
Thus, designers are unlikely to be interested in levels of exclusion below 1%, while 
values above 5% are high enough for them to realise that something really is remiss.  

However, if wearing three pairs of simulator glasses corresponds to about 1% ex-
clusion, then removing one pair increases the exclusion value to about 6%, not 5%. 
Thus the boundary for the Red band was set at 6% instead of 5%. Ideally, simulator 
glasses would be chosen that alter exclusion by about 5%. However, the filters for 
such glasses are not commercially available. The Cambridge Simulator Glasses use 
the smallest gradation in filters that are easily obtainable commercially. 

4.3 Test of Starting Vision 

Assessors start the assessment procedure by taking a simple vision test (see Section 
2.1). To make this test as simple as possible, different levels of starting vision were 
combined into ranges, e.g. 20/16 and 20/12 were placed in the same range. The ranges 
were set so that the exclusion results for people in the same range corresponded to the 
same band: under 1% (Green), 1-6% (Amber) or over 6% (Red) exclusion. Two 
people within the same starting vision range should get the same banded result 
(Green, Amber or Red) with the same number of simulator glasses.  

For people with fairly “normal” vision (better than 20/28), only two vision ranges 
were needed (good/average vision; and excellent vision). Thus only two rows were 
really needed on the test chart in Figure 1. An extra row was added at the top, to help 
avoid confusion for people whose vision is worse than 20/28. It also helps people get 
accustomed to the test chart procedure. 

5 Testing the Method 

5.1 Workshop 

The method was tested in a workshop with eight accessibility specialists and product 
developers. Level of professional experience varied from 10 months to 15 years. The 
workshop started with an introduction to the simulators. After this, the starting vision 
of each person was measured, and they were given the appropriate assessment sheet, 
as described in Section 2. The assessment method was then explained to them with an 
example. 

The group was then split into pairs. Each pair worked together to assess a variety 
of items in the meeting room. Choices included TV remote controls, mobile phones, a 
fire extinguisher, an air conditioning control unit, a packet of adhesive tack, and a 
microwave.  The members of each pair took it in turns to carry out the assessment, 
while the other person recorded the results. After completing the assessments, the 
workshop attendees completed a short questionnaire about their experiences of and 
opinions of the method.  
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5.2 Results 

The results from this initial workshop indicate that participants were able to under-
stand and use the assessment method effectively. However, some clarifications may 
be helpful to further improve the method. In particular, it would be helpful to provide 
more worked examples, covering the full range of Green, Amber and Red outcomes, 
and clarifying how borderline cases should be assessed (where text is difficult but not 
impossible to see). 

All attendees said that they would like to use the simulators again. Seven of the 
eight said that they would use them to assess visual clarity, with several describing it 
as a useful technique. For example, one person described it as a “very useful and con-
sistent check”.  

6 Conclusions and Future Work 

This paper has presented a simple procedure for using vision impairment simulators 
to assess the visual clarity of product features. The procedure gives clear advice on 
whether the product needs further work or not, depending on whether it passes or fails 
a standard benchmark. Assessors wear two different sets of simulator glasses while 
trying to use the product feature. Depending on whether they are successful or not in 
using the feature, it is rated Green, Amber or Red. These bands reflect the numbers of 
people who would be excluded from that product feature, and thus the importance of 
action in improving it.  

Participants in a workshop could understand and use the method effectively.  
Further work is required to test the effectiveness of alternative approaches to resolv-
ing the issue of borderline assessment cases, and presenting results in terms of diffi-
culty and/or exclusion. Further testing is also needed with a wider range of industry 
professions. 
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