Date: 12/01/2022
Our Reference: FOI-2021-153
RE: Your request for information under the Freedom of Information Act 2000
I write in response to your Freedom of Information Act 2000 (‘FoIA 2000’) request, dated 16/12/2021,
which you requested:
“Please provide me with copies of all reviews the College of Policing has conducted regarding police
eyesight standards. Please provide the information electronically”
Decision

When a request for information is made under FoIA 2000, a public authority has a general duty under
section 1(1) of the Act to inform an applicant whether the requested information is held. There is then a
general obligation to communicate that information to the applicant.

In line with section 1(1) of the FoIA, I can confirm the College does hold information relating to your
request. They are being partially disclosed to you after meeting the threshold for an exemption under the
Act. Please see Appendix A.

Yours sincerely,

James Rose | Legal Advisor
Information Management and Legal Team
College of Policing
Email: FOI@college.pnn.police.uk
Website: www.college.police.uk

Appendix A
In line with section 1(1) of FOIA 2000, I can confirm that we do hold the information you have requested
however some of the information has been withheld under the section 40(2) – personal information
exemption.
The legislation: Section 40(2) – personal information
“2) Any information to which a request for information relates is also exempt information if – a) it
constitutes personal data which do not fall within subsection (1), and b) either the first or the second
condition below is satisfied”
Under section 40(2) by virtue of section 40(3A)(a), personal data of a third party can be withheld if it
would breach any of the data protection principles to disclose it.
Personal data is defined in section 3(2) of the Data Protection Act 2018 (DPA) as:
‘any information relating to an identified or identifiable living individual (subject to subsection (14)(c)).’
Section 3(3) of the DPA defines an identifiable living individual as: “a living individual who can be
identified, directly or indirectly, in particular by reference to – (a) an identifier such as a name, an
identification number, location data or an online identified, or (b) one or more factors specific to the
physical, physiological, genetic, mental, economic, cultural or social identity of the individual”.
The two main elements of personal data are that the information must ‘relate’ to a living person and that
the person must be identifiable. Information will relate to a person if it is about them, linked to them, has
some biographical significance for them, is used to inform decisions affecting them, or has them as its
main focus or impacts on them in any way

Appendix B
Your right of review

Under the Freedom of Information Act 2000 you have a right to request an internal review if you are
dissatisfied with our handling of your request. Review requests should be made in writing (by email or
post) within 40 working days from the date of our original response. We will aim to respond to your
review request within 20 working days.
The Information Commissioner’s Office (ICO)

If, after lodging a review request you are still dissatisfied, you may raise the matter with the ICO. For
further information you can visit their website at https://ico.org.uk/for-the-public/official-information/.
Alternatively, you can contact them by phone or write to them at the following address:

Information Commissioner's Office
Wycliffe House
Water Lane
Wilmslow
Cheshire
SK9 5AF
Phone: 0303 123 1113
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INTRODUCTION
As noted in the commissioning document for this report, in 2015 the colour vision
requirements for authorised firearms officers (AFOs) were the subject of an employment tribunal.
The standards were successfully defended. The two principal points that supported the standards
were based on:
•

The ability to identify a subject based on a description, of which colour could be a significant
factor, particularly where this may lead to pre-emptive use of force or critical shot.

•

The ability to operate firearms with a ‘red dot’ sight system. Both points are critical to the
lawful and proportionate use of force.
Whilst a case was successfully made for AFOs, the rationale would not necessarily apply to

an officer equipped solely with a conducted energy device (CED also know by the brand name
Taser). Non-firearms officers able to use CEDs are known as specially trained units (STUs). To date,
the vision standards for AFOs, both for acuity and colour vision, were retained for STUs. The purpose
of this report is to consider what colour vision standards are appropriate for STU officers using CEDs.
The causes and types of red-green colour vision deficiencies (CVDs), and their relationship to
normal colour vision, are now fairly well understood. This report begins with a brief overview of
normal colour vision, red-green CVDs and their underlying molecular genetics.

NORMAL HUMAN COLOUR VISION DEPENDS ON THE THREE CONE TYPES AND THEIR
SPECTRAL SENSITIVITIES
People with normal colour vision have a patchwork of three types of light-sensitive cone
photoreceptors on the inner, rear surface of each eye, the retina. The cornea and lens form an
image of the outside world on the retinal surface, where the cones absorb light (photons) and
generate neural (electrical) signals that are transmitted towards the brain. The “spectral”
sensitivities of the three types of cones to different wavelengths of light are illustrated in Figure 1.
They are named long- (L), middle- (M) cones, or short- (S) wavelength sensitive cones according to
the part of the visible spectrum from about 380 to 730 nm in which they are most sensitive. Plotted
as quantal sensitivities (as in Figure 1), the peak sensitivities (or λmax values) are about 442, 541, and
566 nm for the S-, M- and L-cones, respectively. (Note that the shapes of the spectral sensitivities
and the λmax values change slightly if they are plotted as energy instead of quantal sensitivities, since

3

quanta of short wavelengths have more energy than those of long wavelengths. Spectral sensitivities
are tabulated in both forms.)
When a photon is absorbed by a cone (or rod) photopigment, it causes the light-sensitive
“chromophore” molecule within the pigment, 11-cis-retinal, to straighten to its all-trans-retinal
form. This conformational change triggers the visual response. The energy required to initiate this
change differs between cone types
because of amino acid differences in
the photopigment opsin that
surrounds the chromophore (the
opsin is a protein made up of a long
chain of different amino acids). A
difference in initiation energy results
in a change in spectral sensitivity. As
will be described below, changes in
the amino acids in the opsin cause
Figure 1 Normal S-, M- and L-cone spectral sensitivities from
Stockman & Sharpe (2000).

some forms of red-green CVDs.
Crucially, the straightening of

the chromophore is an all-or-nothing effect. Once a photon is absorbed, the effect is independent of
photon wavelength (the chromophore either straightens or not), as a consequence of which
wavelength information about the photon that initiated the transformation is lost. Individual
photoreceptors are thus effectively blind to colour. Changes in the wavelength of a light cannot be
distinguished from changes in its intensity.
What does vary with wavelength is the probability that a photon will be absorbed, and this is
reflected in the photoreceptor spectral sensitivities shown in Figure 1. Because the different
photoreceptors differ in spectral sensitivity, wavelength or hue changes can be inferred by
comparing the outputs of the three cone photoreceptors. For example, if a light changes in hue
from red to green, the M-cone output increases and the L-cone output decreases, whereas if it
changes from green to red the reverse is the case. Similarly, a light that changes from green to blue
increases the S-cone output and decreases the M- and L-cone outputs. Normal human colour vision
is trichromatic and depends on just three variables: the outputs of the S-, M- and L-cones. The
colours that we see depend on these three signals and the differences between them.
Notice in Figure 1 that above about 540 nm the S-cone sensitivity is low. Consequently,
most lights longer than 540 nm excite only the M- and the L-cones. In this red-green spectral range,
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colour discrimination depends on a comparison of the outputs of only the M- and the L-cones.
Normal human colour vision in this region is therefore dichromatic and depends on just two
variables: the outputs of the M- and L-cone. This limitation means that deficits in either the M- or
the L-cones profoundly disturb colour vision in this red-green range. If one of the M- or the L-cone
types is lost, vision in the red-green region becomes monochromatic and depends on just one
variable: the output of either the M- or the L-cone.

TYPES OF RED-GREEN COLOUR VISION DEFICIENCES (CVDs)
Red-green CVDs are caused by the loss of either the M- or L-cones, or by changes in the L- or
the M-cone spectral sensitivities. They fall into two main categories: dichromacy and anomalous
trichromacy.
Red-green dichromacy
In red-green dichromacy, one of either the L- or the M-cone photopigments is missing (or
the two L- or M-cone photopigments that are present are so similar in spectral sensitivity to make
the observer functionally a dichromat). A true red-green dichromat can match red, orange, yellow
and green spectral lights just by matching their intensities (an ability that can be tested with the
anomaloscope, see below). A dichromat who is missing the L-cone photopigment is called a
protanope and suffers from protanopia, while one missing the M-cone photopigment is called a
deuteranope and suffers from deuteranopia. For both protanopes and deuteranopes, the spectrum
is dichromic, consisting of just two pure hues separated by a neutral hue (Herschel, 1845). A defining
property of red-green dichromacy, is that there is a spectral wavelength (i.e., a pure monochromatic
light of a single wavelength) that appears neutral or white. For protanopes and deuteranopes, the
spectral neutral point wavelengths are at about 492.3 nm (Walls & Mathews, 1952; Sloan & Habel,
1955; Walls & Heath, 1956) and 498.4 nm (Walls & Mathews, 1952; Walls & Heath, 1956; Massof,
1976), respectively.
Figure 2, which is made up of three panels from Figure 1.14 of Sharpe et al. (1999b), shows
simulations of how a scene is perceived by a normal trichromat (A), a protanope (B), and a
deuteranope (C). The simulations give an approximate impression of the sorts of colour confusions
suffered by dichromats. Notice, too, that protanopes see reds as darker than deuteranopes, because
of their lower sensitivity to long-wavelength lights (see Figure 1). In terms of the task analysis, an
AFO or STU officer asked to target the orange, for example, would be at a significant disadvantage.
Such an officer would also be at a disadvantage if asked to describe what he had targeted. This scene
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is a relatively rare example of one in which objects in the red-green range can only be reliably
identified by their colour. In many cases, differences in shape will aid identification.
In nearly all cases, dichromats do not have fewer cones, since the missing photopigment is
simply replaced by the other photopigment (L replaces the missing M, or M replaces the missing L).
Consequently, dichromats have normal visual acuity (the ability to see fine detail). An exception is a
rare combination of amino acids in the photopigment opsin known as LIAVA (M. Neitz, Carroll,
Renner, Knau, Werner, & Neitz, 2004; Ueyama, MurakiOda, Yamade, Tanabe, Yamashita, Shichida, & Ogita,
2012).
Red-green anomalous trichromacy
Anomalous red-green trichromacy arises when
the spectral sensitivity of one of the L- or the M-cone
photopigments is shifted from its normal location in
Figure 1 to an intermediary or anomalous position that
lies closer to the location of the spectral sensitivity of the
remaining normal M- or L-cone photopigment (for a
review, see Sharpe et al., 1999b).
If the L-cone spectral sensitivity is shifted
towards the normal M, the CVD is known as
protanomalous trichromacy and the sufferer is known as
a protanomalous trichromat, whereas if the M-cone
spectral sensitivity is shifted towards the normal L, it is
known as deuteranomalous trichromacy and the sufferer
is known as a deuteranomalous trichromat.
The colour deficits associated with these forms
Figure 2 Dichromat simulations

of anomalous trichromacy are usually less severe than

those associated with dichromacy, but there is considerable variability among sufferers that depends
on the spectral separation between the normal and anomalous photopigments. As discussed further
below, anomalous trichromats can be categorized according to their matching behaviour on the
Rayleigh anomaloscope (Franceschetti, 1928). Indeed, many mildly anomalous trichromats may be
unaware of their colour vision deficiency, whereas some severe anomalous trichomats may have
nearly as poor colour discrimination as dichromats. But, unlike dichromats, anomalous trichromats
do not have a neutral zone (a part of the spectrum that looks white or grey) and see more than two
6

hues in the spectrum. Thus, the scene in Figure 2 will not look strictly dichromic, but it will be
reduced in chromatic contrast.
Collectively, deuteranopia and deuteranomalous trichromacy, which are defects associated
with the M-cones, are known as deutan defects, while protanopia and protanomalous trichromacy,
which are defects associated with the L-cones, are known as protan defects.
Except in rare cases, visual functions such as visual acuity, motion perception, depth
perception, and night vision are largely unaffected by red-green dichromacy and anomalous
trichromacy.

GENETIC BASIS OF RED-GREEN COLOUR VISION DEFICIENCIES
A watershed event in our understanding of normal and deficient colour vision was the
isolation and sequencing of the cone photopigment opsin genes in 1986 by Jeremy Nathans and his
colleagues (Nathans, Piantanida, Eddy, Shows, & Hogness, 1986a; Nathans, Thomas, & Hogness,
1986b). As expected from the inheritance patterns of red-green CVDs, the genes for the L- and Mcone photopigment opsins lie on the X chromosome. In addition, they are arranged in a head-to-tail
array and are nearly identical to each another, differing by only about 15 amino acids (Nathans et al.,
1986b). A consequence of this proximity and similarity is that the L- and M-cone opsin genes are
prone to mixing and deletions during “meiosis” (the type of cell division that occurs when eggs and
sperm are produced). Mixing and deletions are the cause of most red-green CVDs. For further
information, see Sharpe et al.
(1999b) and Neitz & Neitz (2011).
In brief, the L- and M-cone
opsins are made up of a sequence of
364 amino acids, each of which is
specified by a “codon” (3 DNA
nucleotides) along the genes. Of
Figure 3 Two L-cone opsin genes with different polymorphisms
(serine or alanine at position 180) and one M-cone gene. Each
arrow represents one gene, which codes for a different opsin.
Each opsin is made of a sequence of amino acids. Each block
shows a coding region or intron with the important amino acids
that differ between M and L indicated by the 3-letter codes.

these 364 amino acids, only 15
differ between the L- and M-cone
opsins, and of those only about 5
change the spectral sensitivity of the
photopigment.

Figure 3 shows representations of the L- and M-cone opsin genes that give the position of
those 5 important amino acids and their identities. The coding regions of the gene are known as
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exons (represented by the small boxes in the figure), and the non-coding regions as introns. The
opsin genes have 6 exons of which the 1st and 6th are the same. A common polymorphism (variation
in the normal population) is that some people have serine at position 180 of their L opsin gene
whereas others have alanine, as indicated by the differences between the top two genes in Figure 3.
Changing the amino acids from the L to M versions or vice versa in Figure 3 shifts the spectral
sensitivity. The shifts tabulated in Table 1 are based on data from various sources (Merbs & Nathans,
1992, 1993; Asenjo, Rim, & Oprian, 1994; M. Neitz, Neitz, & Jacobs, 1995; Sharpe, Stockman, Jägle,
Knau, Klausen, Reitner, & Nathans, 1998; J. Neitz & Neitz, 2011). Notice that the shifts are
sometimes asymmetric.
M opsin

L opsin

amino acids

amino acids

M→L

116

Tyrosine

Serine

0

-3

3

180

Alanine

Serine

3

-4

4

230

Threonine

Isoleucine

3

-3

277

Phenyl-alanine

Tyrosine

7

-7

285

Alanine

Threonine

14

-14

EXON

Codon

2

Summary
L→ M
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Table 1 Spectral shifts caused by changes in key amino acids in the L and
M

i

Anomalous trichromacy. When the genetic codes from the L and M opsin genes are mixed during
meiosis, they can produce “fusion” genes that produce “hybrid” (mixed) LM photopigments with
spectral sensitivities that are intermediate between the normal L- and M-cone photopigments. The
changes are not continuous but depend on which of the 5 important amino acids are retained and
which are replaced. Because of the large spectral sensitivity change of 21 nm encoded by exon 5,
there is a clustering of LM hybrid pigments having their peak sensitivities within about 8 nm of the
peak absorbance of the normal M-cone pigment and a clustering of ML hybrid pigments having their
peak absorbances within about 12 nm of the peak absorbance of the normal L-cone pigment (see
Table 1 of Stockman, Sharpe, Merbs, & Nathans, 2000).
People with the normal M-cone photopigment and an LM hybrid within 8 nm are
protanomalous, while those with normal L-cone photopigment and an LM hybrids within 12 nm are
deuteranomalous. In general, the smaller the separation between the spectral sensitivities of the
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normal and anomalous hybrid pigments, the poorer the anomalous trichromat’s color discrimination
(for more details, see Sharpe et al., 1999b). Severe anomalous trichromacy can sometimes arise in
individuals completely lacking either the normal L- or the M-cone photopigment because of
photopigment optical density differences between photoreceptors containing ostensibly the same
photopigment (J. Neitz, Neitz, & Shevell, 1999). Optical density is related to the effective
concentration of the photopigment in the photoreceptor.
Red-green dichromacy. In addition to the production of hybrid opsin genes during meiosis by mixing
(which is known as “homologous recombination”), unequal homologous recombination between the
two X-chromosomes can result in opsin gene deletion. When this occurs, one X-chromosome loses
one of the photopigment opsin genes, while the other X-chromosome gains it. A male with only one
gene on his X-chromosome must be dichromatic. When an X-chromosome has more than two opsin
genes, only the first two are expressed (Winderickx, Battisti, Motulsky, & Deeb, 1992; Hayashi,
Motulsky, & Deeb, 1999). So, for example, a male might have an L opsin gene in the first position of
the opsin gene array, a hybrid LM opsin in the second position, and a normal M opsin gene in the
third position, but he would nevertheless be deuteranomalous, because the third M-cone opsin
gene is not expressed
Since the L- and M-cone opsin genes are on the X chromosome, males have one copy (being
XY) and females two (being XX). Females need two affected genes to exhibit a particular form of redgreen CVD, so that many fewer females suffer from red-green CVDs.

COLOUR VISION DEFICIENCY TESTS
Standard CVD tests can be placed into the four broad categories of (1) colour discrimination,
(2) colour matching, (3) colour arrangement and (4) colour naming (see Dain, 2004). Several examples
are given below. In general, perhaps with the exception of the Rayleigh anomaloscope, no single test
is definitive, so that it is advisable to use several tests for any diagnosis. The goals of standard testing
can be to (i) screen for red-green CVDs, (ii) classify the CVDs as protan or deutan defects (i.e., diagnose)
or (iii) measure the severity of the CVD. Given the current task requirements, I believe that all three
goals must be satisfied in testing police officers for suitability as AFOs or STU officers. Currently,
though, no tests measure severity of the CVD with respect to actual tasks relevant to AFOs or STU
officers. Because of the limitations of these standard tests, I suggest that, in the future, they should
be supplemented with tests of “functional colour vision” aimed at a new goal: to determine the
practical effect of the CVD on typical behavioural tasks performed by AFOs or STU officers.
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CVD screening tests can be assessed in terms of their sensitivity and specificity. The
“sensitivity” of a CVD test is the probability that it will correctly identify people with a CVD. The
“specificity” of a CVD test is the probability that it will correctly identify people without a CVD. Values
of 1 are perfect.
Some of the most frequently used CVD tests are described next. The ones most relevant to
this report are the Ishihara, D-15, City University (2nd and 3rd editions) and anomaloscope tests. The
first three are screening tests specified in the current police standards. I recommend the
anomaloscope test for definitive diagnosis in cases of dispute. Two computerised tests, the CCT and
CAD (see below), are becoming more widely used, and can also be useful for diagnosis.

1. Colour discrimination tests
These tests depend on the ability to see patterns based on chromatic differences or
similarities. They include pseudoisochromatic plate tests, such as the Ishihara test, in which a
pattern or grouping can be discriminated only on the basis of colour differences.
Ishihara test. A test in which perceived similarities or differences in
colour are needed to discriminate a pattern of dots that form the shape
of a number. Up to 38 plates can be used in the test, but usually only the
first 25 with patterns of numerals are used. The remaining 13 plates are
patterns of pathways intended for non-verbal subjects. In addition to
Figure 4 Ishihara plate. Can
you see 73?

the colour variation between the discs there is also random luminance
variation that eliminates the possibility that the patterns can be
distinguished by any small (and unintentional) luminance differences

between the different colours. The colours are chosen so that the discs that make up the numbers
cannot be distinguished from the discs that make up the background by people with red-green CVDs.
This is the screening test used by the police. The individual plates of the Ishihara test have
sensitivities and specificities ranging from 0.85 and 0.95 (Dain, Grey, & Tran, 1998; Dain, 2003), and
the test as a whole has a sensitivity of 0.97 and specificity of 1 if interpreted correctly (Birch, 1997b;
Birch, 2001). The limitation of the test is that it does not provide a useful severity diagnosis (Hardy,
Rand, & Rittler, 1947; Crone, 1961; Cole, 1963; Birch, 1997b) nor does it include a tritan test (for
missing S-cones). The 38-plate version is the preferred version (Birch, 2001).
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Cambridge Colour test (CCT). This computer-based test is similar to the
Ishihara test. A “C” is presented in one of four orientations (i.e., with
the gap up, down, left or right). The observer is asked to identify the
orientation of the gap. Again, the task can only be done if the colours
of the dots can be discriminated from the background dots. The
colours vary along various colour directions including ones that are
invisible to protan, deutan and tritan sufferers (tritan sufferers have
an S-cone deficit). Increased thresholds along these directions can be

Figure 5. Cambridge
Colour Test. Is the gap top,
bottom, left and right?

used to diagnose the type and severity of CVDs. This test requires a
calibrated monitor, hardware and software.
City University test. In the second edition of this test, subjects are required to discriminate which of
four discs surrounding a central disc is the same as the central one (see Figure 6). Again, the colours
are chosen to make the task difficult for observers with different types of CVDs. There are six test
plates that use larger coloured discs and four plates that use smaller coloured discs, which are more
difficult to discriminate. If the failing criterion for the City University is set at either ≥5 total errors for
all (large and small) discs, or ≥2 for the large discs, the test agrees well with D-15 (the other test
specified in the AFO standard, see below) with a failing criterion set at two or
more major crossings (Oliphant & Hovis, 1998). Birch (1997a) reports that the
test can be used to distinguish severe from mild deuteranomalous observers;
however, the test cannot distinguish the severity of protanomaly, which is a
limitation. In this regard, the Farnsworth D15 test was more effective (Birch,
1997a).

Figure 6 City
University test

The second edition of the City University test, which is specified in the police firearms
standard, has been superseded by a third edition. Part one of the third edition introduces a new
preliminary screening test that is substantially different from the tests used in the second edition. In
part one, subjects are presented with four plates each with four different triplets of coloured discs,
and are asked which member of each triplet, if any, is different from the other two (all three can be
the same). The tests used in the second part of the third edition, however, are comparable to the
tests used in the second edition. As in the second edition, subjects are presented with five plates of
five discs, are again asked which of the four surrounding discs is similar to the middle disc (see Figure
6). The second edition is now nearly impossible to obtain, so that the third edition must be used. As
a practical solution, a new standard for the third edition is proposed that subjects fail if they make
≥3 errors on part two of the third edition of the City University test. This standard would exclude
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moderate and severe red-green colour deficients. The first part of the test need not be taken, since
the Ishihara test serves as a screening test.
Colour Assessment and Diagnosis (CAD) test. This is another computerised test initially developed for
assessing CVDs in pilots. It involves the detection of coloured patterns moving against grey
background patterns (Rodriguez-Carmona, Neill-Biba, & Barbur, 2012) and like the CCT requires a
calibrated monitor, hardware and software.

2. Colour matching tests
These tests include the Rayleigh anomaloscopes, in which the ratio of two superimposed
coloured lights must be adjusted to match a third light. The Rayleigh test is considered by many to
be the “gold standard” for red-green CVD testing.
Red-Green Rayleigh anomaloscope matches.
In this test, a match is set between a mixture
of red and green spectral lights (top of Figure
7) and a yellow spectral light (bottom).
Repeated matches are made. Two important
statistics are the range of matches and the
midpoint of the matches. The matches can
vary from a value of 0 (all green) to 73 (all

Figure 7 Rayleigh matches

red). Thus, the match setting gives the

amount of red in the match (and 73 minus the matching setting gives the amount of green).
The matches made by 127 observers with red-green CVDs measured by Jenny Birch are
summarised in Figure 8. Normal subjects make mean matches of 44 units with a standard deviation
of 2 units. The two vertical lines at matches of 40 and 48 in Figure 8 correspond to the mean of the
normal matches ±2 standard deviations. Thus, matches that lie outside this range are significantly
different from normal.
The matches for deuteranomalous observers, who require less red in the match, range from
0 to 45, whereas those for protanomalous trichromats, who require more red, range from 40 to 70.
The anomaloscope reliably differentiates these two types of red-green CVD. The extent of the
matching range, which is shown by the length of the horizontal line for each observer in the figure,
demonstrates the severity of the anomaly.

12

There are also a group of red-green CVD sufferers known as “extreme” anomalous
trichromats (Walls, 1959), whose range extends both sides of the normal range towards red and
green, but does not cover the entire range. Birch estimates that 0.25% of UK male population are
extreme anomalous trichromats; 6% are anomalous trichromats.
The anomaloscope is also important for diagnosing red-green dichromacies and
distinguishing them from severe (and extreme) anomalous trichromacies. Deuteranopes (lacking Mcones) or protanopes (lacking L-cones) should be able to match the spectral yellow primary to any
mixture of the spectral red and green primary lights from 0 to 73 merely by adjusting the intensity of
the yellow, regardless of the red-to-green ratio. Their data are not shown in Figure 8.
Instead of being given as the matching values between 0 to 73, Rayleigh matches are also
given as anomaloscope “quotients”, which are defined as:
𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆 /𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑆𝑆
,
𝑅𝑅𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 /𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

where RedS and GreenS are the subject’s red and green amounts set in the match and RedNorm and
GreenNorm are the mean amounts set by normal matches. In terms of the mixture settings from 0
(green) to the end value of 73 (red) shown in Figure 7, the green amount is the end value of 73
minus the match setting, and the red value is the match setting. A normal diagnosis is given if the

Figure 8 Rayleigh match data from Figure 4.1 of Birch (2001)
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mean quotient lies between 0.74 and 1.33, a protanomalous diagnosis if the quotient is between 0
and 0.74 and a deuteranomalous diagnosis if the quotient is between 1.33 and ∞ (Committee on
Vision, 1981).

3. Colour arrangements tests
In arrangement tests sequences of coloured patches must be ordered in hue sequence along
some hue dimension (for example, from red to green).
Farnsworth-Munsell FM-100-hue test. In this test, the observer is asked to organise 85 coloured
chips, which vary in steps around an ellipse in colour space, in colour order. The test is broken up
into four groups of caps (as shown in Figure 9), which are tested sequentially. Each group is
contained in a case with fixed
'anchor' caps at both ends. The
loose caps are removed from the
case and mixed up; and the
observer is then asked to put them
back in the case in correct colour
order.

Figure 9 FM-100 test

The location and size of the

errors around the hue circle indicates the severity and type of the colour vision deficiency. The FM100 test can be useful for providing a type diagnosis (e.g., protan versus deutan). However, it does
not reliably distinguish colour normals from mildly anomalous trichromats or dichromats from
severely anomalous trichromats and does not always differentiate protanopes from deuteranopes
(Birch, 1989; Lagerlöf, 1991). (Birch, 1989; Lagerlöf, 1991). It has also been shown to be a better
measure of general intellectual ability than of chromatic discrimination ability in some populations
(young children or developmentally delayed individuals) (Cranwell, Pearce, Loveridge, & Hurlbert,
2015).
Farnsworth-Munsell D15 test. The FM-100hue-test takes too long to be used as a

Figure 10 D-15 Colour test

routine test, so a much reduced version of

the test called the D-15 test was developed that uses only 15 chips (Figure 10). The colour
differences between the chips are large enough that most colour normals and mildly anomalous
trichromats can perform the test with no errors. It has been shown to successfully distinguish more
severely affected red-green CVD sufferers (Linksz, 1966; Voke & Fletcher, 1985). However, a
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problem with the test is that a higher percentage of protanomalous trichromats than
deuteranomalous pass the D-15 test because the design allows them to used luminance differences
as a cue (Birch, 1997a; Birch, 2008a).
Figure 11 shows D-15 results
from Figure 7.1 of Birch (1993) plotted
on D-15 score sheets. The lines connect
the adjacent caps after their
arrangement by the subject. Colour
normals arrange the matches in
sequence from 1-15, so the lines on the
score sheets form a simple horseshoe
shape from 1 to 15. Large errors appear
as “diametric” errors with the line
crossing the diameter of the horseshoe.
The axis of the diametric crossings
provides a diagnosis of the type of CVD
(see dashed lines labelled Protan,
Deutan and Tritan). The score sheets in
Figure 11 are for moderate (top left) and
severe (top right) protan defects,
moderate (second row, left) and severe
(second row, right) deutan defects,
moderate (third row, left) and severe
(third row, right) tritan defects, and
(bottom row) rod monochromacy. One
Figure 11 D-15 CVD data from Birch (1993)

or more diametric crossings indicates a
moderate or severe red-green CVD

(Birch, 2008b). It is generally accepted that two diametric crossings are the best criterion for failure
(Committee on Vision, 1981). Birch (1997a) suggests using both the D15 and the City tests for redgreen CVD testing.
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4. Colour naming tests
These include the Farnsworth lantern, in which nine pairs of verticallyoriented coloured lights or patches, which are combinations of either red,
green or yellow-white (some of which are identical), must be named.

Figure 12 Farnsworth
lantern test

EXISTING AFO/STU VISUAL STANDARDS
The existing colour vision standards are that dichromats and severe anomalous trichromats
are unsuitable for firearms (including CED) roles. The standards are based mainly on the work of
Birch, cited above.
The initial screening test is the Ishihara test, and if the results are abnormal, then the
diagnosis is confirmed with either:
(1) 2nd edition City University Test (fail if 5 or more total errors or 2 errors on the large circle
plates) or
(2) Farnsworth-Munsell D-15 (fail if 2 or more major crossings)
Other equivalent or additional tests can be used but, unless clinically indicated, colour vision needs
to be checked only once.

STU TASK ANALYSIS
Most of the tasks as analysed in Appendix 1 should not be significantly impaired by redgreen CVDs, since most types of red-green CVD do not affect achromatic visual acuity. Performance
should not be reduced significantly more under low light or reduced visibility conditions than under
normal conditions, except that observers with protan defects will see red lights poorly under
mesopic conditions (when rods and cones both operate). There are two concerns with the task
analysis with respect to red-green CVD, one major and the other minor.

Major concern:
(J2) Accurately discharge a CED using the laser sighting system from 3ft (1m) up to 25ft (7.6m) in
varying light conditions.
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This requires the officer to rapidly and dynamically aim the device by accurately pointing the device
with the dominant hand, with or without the support of their other hand. It requires the officer to see
the projected red laser dot(s) against a subject and point the device to achieve accurate probe
placement. It requires the officer to maintain this ‘sight picture’ as the device is discharged. This
could be in various lighting conditions/adverse weather and against subjects with a variety of
different clothing, as likely to be encountered in operational circumstances.
Noting, in particular, the following: CED laser specification- class IIIa laser, max output 5mW,
wavelength 630-680 nm.

Comments. Red-green dichromacy and severe anomalous trichromacies are likely to result in the red
laser being less discriminable against a background, since the colour difference seen by any affected
observers will be reduced or even absent. Mildly deuteranomalous observers should retain some
chromatic discrimination.
In theory, there is a particular concern with regard to officers with protan defects. As Dain
(p. 277. Dain, 2004) points out, it is recognised that individuals with protan defects are more at risk
occupationally because their ability to detect red lights rather than discriminate them is markedly
reduced. In the case of AFOs and STUs, this is a particular concern because of the use of the red laser
sight with a wavelength of about 633 nm (but potentially from “630-680 nm”). Relative to peak cone
sensitivity, the L-cones are about 3.1 times less sensitive to 633 nm, whereas the M-cones are 22.9
times less sensitive (Stockman & Sharpe, 2000), so those with a protan defect are up to seven times
less sensitive to this red light than normals. The problem becomes even worse if the wavelength is
still longer. At the upper limit of 680 nm, the L-cones are about 47 times less sensitive than at their
peak, whereas the M-cones are 760 times less sensitive (Stockman & Sharpe, 2000), so those with a
protan defect are up to 16 times less sensitive to the red light than normal. This problem is not
confined to laser sights: self-contained red-dot sight systems typically use LEDs of 670 nm to which
those with a protan defect are up to 15 times less sensitive than normal. Together with the red
sights being chromatically indistinguishable from other lights, the lower visibility of red sights in
general represents a potentially significant handicap for those with protan defects.
The problem could be ameliorated by changing the wavelength of the laser sight or dot sight
or its brightness (or having the option to change it) to a green.
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Minor concerns:
(J4) Identify a subject based on visual description and deliver a pre-emptive use of CED. (Limited to
identified roles, e.g. AFOs).
Officers are required to accurately identify a subject which may be based on a visual/physical
description or photograph. They also need to be able to identify subjects who may present a threat at
distances up to 50m. This could be in low-light or adverse weather conditions. Such identification
could lead to a pre-emptive use of force.

Comments. Red-green CVDs inevitably reduce chromatic discrimination in the red-green range. The
most serious problems will occur when an object or target is defined by only a red-green chromatic
difference (see Figure 2 above, and of course the CVD test examples) to the extent that people with
severely anomalous red-green and dichromatic CVDs may not be able to discriminate the object at
all.
Conditions under which objects are defined primarily or solely by a red-green chromatic
difference in the environment are relatively rare, but do occur (as in Figure 2). The potential
consequences of an error that is the direct result of a red-green CVD will presumably be less severe
for CEDs than for firearms, since the CEDs are usually non-lethal. Consequently, the risk may be
considered to be acceptable.
The other related concerns are the saliency of red-green objects, which will be reduced, and
thus the ability to act reliably on instructions that include red-orange-yellow-green colour
descriptions. These abilities are compromised in people with severely anomalous red-green and
dichromatic CVDs. Again, the potential risks are relatively minor in the case of CEDs compared to
firearms, and might therefore be deemed acceptable.
If officers with red-green CVDs are used in STU roles, one way of ameliorating the risks is to
ensure that colleagues are aware of their CVD and of its consequences, so that adjustments can be
made.

SUGGESTED COLOUR VISION STANDARDS FOR STUs
Given the task analyses, and particularly the use of a red laser sights and red-dot sights, I
would recommend that dichromatic and severely anomalous red-green colour deficient officers
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continue to be excluded from acting as STU officers who use CEDs, unless a functional assessment is
made which shows their performance in using the laser sights to be unimpaired.
In addition, because of the use of the red laser and red-dot sights, there is a strong
argument for excluding all protanomalous observers from both AFO and STU roles until the sights
are modified (see below).
I would recommend continuing to use the current AFO standards for STU officers. As before,
the initial screening test should be carried out using the 38-plate Ishihara test and the diagnosis
based on Plates 22-25 recorded. As discussed above, it is a test with high sensitivity and specificity. If
the results are abnormal, further tests should be carried out using both of:
1) 2nd edition City University Test (fail if 5 or more total errors or 2 errors on the large circle
plates) or alternatively if the 2nd edition is unavailable the 3rd edition City University Test (fail
if 3 or more errors on part two the test) and
2) Farnsworth-Munsell D-15 (fail if 2 or more major crossings)
Officers who fail either test should be excluded, but I would recommend that those who are
diagnosed as mildly protanomalous should also be excluded (recognising that the D-15 is less good
at diagnosing mild protanomaly than the City test, see above). Specifically, I recommend that officers
who are consistently diagnosed as protanomalous (“red-deficient”) on two out of the three tests be
excluded even if they have only 2-4 total errors on the 2nd edition of the City University Test or 2 or
more errors on part two of the 3rd edition of the City University test, or 1 major crossing error on the
D-15*.
In cases of dispute, more definitive test should be used (see below).
Note that this recommendation should only remain in effect only until functional tests can be
developed and adopted that are task-specific.
If the laser sights are modified (see below), I recommend that mildly anomalous
protanomalous observers no longer be excluded from roles as AFO and STU officers. Furthermore,
the standards for STU officers could be relaxed based on a risk analysis of the effects of red-green
CVDs on task performance (as outlined above).
From the discussion of the red-green CVD tests above and the literature, it is clear that there
are some uncertainties with most tests. I therefore also recommend that officers have the option to
undergo further testing, perhaps partly at their own expense. However, they should be aware that
diagnoses of severe red-green CVD are unlikely to be reversed as the result of further testing.
Secondary tests are also important for resolving disputes.
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In case of dispute, I recommend that a definitive diagnosis be obtained using a red-green
Rayleigh anomaloscope. Its use was discussed above. There is a commercially-available LED version
that is relatively easy to use, and for which training is straightforward, see:
http://www.oculus.de/en/products/visual-test-equipment/hmc-anomaloskop/functions/,
but expert diagnosis might be preferable.
After the initial set-up costs, the costs of running such an instrument are relatively small. As
outlined above, the red-green anomaloscope accurately distinguishes between people who have
normal, deuteranomalous, protanomalous, extreme anomalous, protanopic and deuteranopic
vision. The range of matches made by protanomalous and deuteranomalous observers on the
anomaloscope can also be used to gauge the severity of the CVD. Observers with matching ranges of
less than 15 mixture units can be considered to be mildly anomalous trichromats (see Figures 7 and
8 and also Birch, 2001). The original test results should only be overruled, however, if the diagnosis
obtained using the anomaloscope is clearly inconsistent with them, since there as yet is no clearly
established threshold for exclusion from firearm or taser use based on performance on the
anomaloscope.
Other tests that might be appropriate as secondary tests are the CCT and CAD computer
tests described above, but these would also have to be carried out at specialist centres.
In cases of dispute, the diagnosis can also be confirmed using molecular genetic testing. A
reliable diagnosis can be obtained by sequencing and identifying the first and second opsin genes on
the X-chromosome. However, some confirmatory testing would be required, since optical density
differences (how dilute the pigment is in the photoreceptor) can affect performance.
Red-green CVDs are stationary, genetic disorders that do not change over time.
Consequently, colour vision needs to be checked only once unless there are other clinical indications
that might suggest the possibility of acquired colour vision losses.
Note that is inadvisable for observers to take tests such at the City University or D-15
multiple times, given that there practice effects, and given that there are only a limited number of
plates so that subjects can learn the order of the plates (which anyway should be randomised).
Retests should involve the secondary tests, such as the Rayleigh anomaloscope.
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Summary
Dichromatic and severely anomalous red-green colour deficient officers are unsuitable for
firearms and CED roles and should be excluded.
The initial screening test should be carried out using the 38-plate Ishihara test, and the
diagnosis as deutan or protan based on Plates 22-25 recorded. If the Ishihara test results are
abnormal, further tests should be carried out using both of:
1A) 2nd edition City University Test (fail if 5 or more total errors or 2 errors on the large circle plates)
or
1B) if the 2nd edition is unavailable, 3rd edition City University test (fail if 3 or more errors on part two
of the test,
and
2)

Farnsworth-Munsell D-15 (fail if 2 or more major crossings)
Officers who fail either test should be excluded. In addition, officers who are diagnosed as

protanomalous (“red-deficient”) on two out of the three tests should also be excluded even if they
have only 2-4 total errors on the 2nd edition of the City University Test or 2 or more errors on part 2
of the 3rd edition of the City University test, or 1 major crossing error on the D-15*.
*This last exclusion should be removed if the colour of the firearm or CED sight is changed from red
to green; and with that change, the standards for STU officers could be relaxed based on a risk
analysis of the effects of red-green CVDs on task performance.
Colour vision needs to be checked only once unless there are other clinical indications that
might suggest the possibility of acquired colour vision losses. Multiple retests should not be allowed.
In case further testing is required, or in case of dispute, a reliable definitive diagnosis can be
obtained with the red-green Rayleigh anomaloscope.

Future
These recommendations are a practical solution based on existing standards and the use of
standardised tests to exclude officers with moderate red-green colour deficiencies from firearm and
taser duty. However, the standardised tests have never been adequately related to the other more
specific diagnostic tests (i.e., the anomaloscope, molecular biology, and even the CAD /CCT
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computer tests). Moreover, the newer 3rd edition of the City University test was not used in the
assessments upon which the police firearms standards were originally based.
In the long term, I would recommend that more specific behavioural tasks are introduced to
determine the suitability of individuals for particular activities, and in particular the use of firearms
and tasers.

APPENDIX 1: PREVIOUS POLICE RECRUITMENT EYESIGHT STANDARDS
Colour Visioniii
Monochromats should be rejected.
Mild anomalous trichromats are acceptable and should be treated as normals.
Severe anomalous trichromats and dichromats are also acceptable and should be instructed
in coping strategies.
[Applicants who show a lowered discrimination for blue colours should be referred to an
ophthalmologist for further assessment. This should include a measure of their dark
adaptation performance].
iii

Colour vision should be tested using the Farnsworth D-15 test. Applicants should not wear ‘colour

correcting’ lenses during the colour vision tests.

Comment. This seems reasonable. Again, the City University test could also be used in addition to
the D-15. The advantage of both tests is that they screen for tritan (S-cone deficiencies). Preliminary
screening with the Ishihara is also appropriate.

CORRECTIVE FILTERS
The use of corrective spectacles (e.g., http://www.enchroma.com/) cannot yet be justified.
They do not “cure” CVDs, which as described above are due to spectrally shifted or missing cone
photopigments. The corrective lenses spectrally filter light, thus reducing the amount of light
reaching the eye. Some work in part by changing the luminance of differently coloured lights and
introducing intensity differences that allow people with red-green CVDs to perform better on colour
tests (see Moreland, Westland, Cheung, & Dain, 2010). Additionally, by filtering selected regions of
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the spectrum the corrective lenses can artificially increase the ratio of the M’- and L-cone or the Mand L’-cone excitations produced by some lights to produce more salient colour differences (where
M’ and L’ are the spectrally shifted anomalous pigments). However, this is achieved at the expense
of reducing the light intensity reaching the eye and attenuating significant parts of the visible
spectrum. Sufferers of red-green CVDs often use very subtle cues to identify colours, and so may be
impressed by the perceptual changes the lenses produce.

FUTURE DEVELOPMENTS
A modification that will make the CED usable by people with mild protan defects is to
change the wavelength of the laser sight or sighting dot to a green, such as (in the case of a laser
sight) a HeNe laser of 543 nm. The advantage to protan observers will be that the laser target is
significantly more detectable, since it is close to the peak of their M-cone spectral sensitivity. In my
opinion, this change will obviate the need to exclude mildly protanomalous observers as AFO or STU
officers. Deutan observers should be relatively unaffected by the change in wavelength. The main
disadvantage is that for normals and mildly deuteranomalous trichromats the green target might be
less salient against some backgrounds than the red target.
A solution to this could be to temporally alternate the red and green lasers (but using
luminances that are different for protan and deutan observers). Alternatively, the red and green
lasers could be selectable by the user.
About 8.0% of males suffer from red-green CVDs, but only 1.1% suffer from protanomaly
and 1.0% suffer from protanopia (see Table 1.6 of Sharpe et al., 1999b) . Assuming that sufferers of
protanopia would still be excluded from STU roles, about 1% of male officers would benefit from the
change from red to green sights.

PROFESSIONAL COMPETENCE AND EXPERTISE IN CVD
Professor Andrew Stockman is the Steers Chair of Investigative Eye Research at the UCL
Institute of Ophthalmology. He gained a B.A. in Experimental Psychology at Oxford in 1979 followed
by a Ph.D. in 1984 specializing in human colour vision research at Cambridge under the supervision
of John Mollon. He then went on to do a PostDoc at the University of California San Diego, where he
remained as a Research Scientist until coming to UCL in 2001. Professor Stockman is a recognised
expert on human cone spectral sensitivities in normal and colour deficient observers and their
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genetic basis (Sharpe et al., 1998; Sharpe, Stockman, Jägle, Knau, & Nathans, 1999a; Stockman &
Sharpe, 2000; Stockman et al., 2000). The “Stockman & Sharpe” cone spectral sensitivities and the
related luminous efficiency function, all based on measurements in observers of known
photopigment opsin genotype (Stockman, Sharpe, & Fach, 1999; Stockman & Sharpe, 2000), have
now been adopted by the Commission Internationale de l'Éclairage (CIE) as a new international
standard for colour definition and colour measurement (CIE, 2006, 2015). These functions are
central to modern work on colour vision. Professor Stockman is also involved in the visual
assessment, including colour vision diagnoses, of clinical patients through work with Moorfields Eye
Hospital. He is also active in many other areas of vision research and is a Fellow of the Optical
Society of America.
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Commissioning report
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Colour vision standards – Commissioning report

Background
Historically all police officers were screened and tested for colour vision deficiencies (CVD)
as part of the recruitment process. After the inception of the Equality Act 2010 and in
response to the 2002 Qinetic report this requirement was significantly reduced, however it
was retained for certain specialist roles, principally authorised firearms officers (AFOs).
Conducted energy devices (CEDs also know by the brand name Taser) were introduced to
UK policing in 2004, initially to AFOs. As a result the colour vision requirement was already
in place.
In 2007 CEDs were also made available to non-firearms officers, known as specially trained
units (STUs), however the vision standards for AFOs, both for acuity and colour vision, were
retained.
In 2015 the colour vision requirements for AFOs were subject of an employment tribunal.
The standards were successfully defended, however in summary the two principle points
that supported the standards were based on:


The ability to identify a subject based on a description, of which colour could be a
significant factor, particularly where this may lead to pre-emptive use of force or
critical shot.



The ability to operate firearms with a ‘red dot’ sight system.

Both points are critical to the lawful and proportionate use of force.
Whilst a case was successfully made for AFOs, the rationale would not necessarily apply to
an officer equipped solely with a CED.
To this end expert advice is required to inform the policy around colour vision standards for
STU officers. It should be noted that the responsibility for the validity and reliability of the
advice lies with the expert, but the responsibility for the use of that advice lies with the
College of Policing and the National Lead for Lethal Weapons

Commission
A written report is required from an acknowledged expert on CVD by way of the following:


Examine the task analysis detailing the requirements of an STU officer.



Advise on whether colour vision standards are required to safely perform the role,
comparing and contrasting with the standards currently in place for AFOs and STU
officers (appendix 2) and police recruits (appendix 3).



If colour vision standards are required, advise on the applicable standard.



If colour vision standards are required reference any supporting rationale, evidence,
scientific studies etc.



If colour vision standards are required advise on a suitable, recognised testing
methodology, including frequency.



Consider what reasonable adjustments could be made, including the use of
corrective spectacles (e.g. http://www.enchroma.com/) and any operational impact
this may have.



Advise on the implications, if any, should the additional CVD standard be removed
for STU officers and no additional testing was conducted over that of recruitment.
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Advise if the device itself could be modified, in any future redesigns, to make it more
‘usable’ by officers with CVD.



Provide details of professional competence and expertise in CVD.

If during consideration of the above any further information, clarification, advice and/or
guidance is required please do not hesitate to contact
mobile
.

or

Appendix 1 – STU Task analysis
Task

Physical demands and key points

(J2) Load and unload CED. Manipulate
safety switch, trigger, arc switch and
illumination selector.

This requires sufficient manual dexterity and
coordination to safely perform the required
tasks. Operationally this would have to be
performed swiftly and dynamically.

(J2) Carry a CED in a belt or vest mounted
holster. Rapidly draw a CED from the
holster. Replace device in holster.

This requires sufficient flexibility, manual
dexterity and coordination to perform the
required task. Operationally this would have
to be performed swiftly and dynamically.

(J2) Adopt the ‘ready’, ‘compressed ready’,
‘aim’ and ‘braced-hip position’.

This requires sufficient flexibility, manual
dexterity and coordination to perform the
required task. Operationally this would have
to be performed swiftly and dynamically.

(J2) Accurately discharge a CED using the
laser sighting system from 3ft (1m) up to 25ft
(7.6m) in varying light conditions.

This requires the officer to rapidly and
dynamically aim the device by accurately
pointing the device with the dominant hand,
with or without the support of their other
hand. It requires the officer to see the
projected red laser dot(s) against a subject
and point the device to achieve accurate
probe placement. It requires the officer to
maintain this ‘sight picture’ as the device is
discharged. This could be in various lighting
conditions/adverse weather and against
subjects with a variety of different clothing,
as likely to be encountered in operational
circumstances.

(J2) Accurately discharge a CED using the
fixed sighting system from 3ft (1m) up to 25ft
(7.6m) in varying light conditions.

This requires the officer to aim the device by
accurately pointing the device with the
dominant hand, with or without the support of
their other hand. It requires the officer to
accurately align the fore-sight with the notch
in the rear-sight, against a subject, and point
the device to achieve accurate probe
placement. This requires the officer to close
their non-dominant eye. It requires the officer
to maintain this ‘sight picture’ as the device is
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discharged. This could be in various lighting
conditions/adverse weather and against
subjects with a variety of different clothing,
as likely to be encountered in operational
circumstances. This would require the officer
to be able to focus their eye on the fore-sight
at arm’s length.
(J3/J4) Gather information and assess threat
based on accurate observations of a subject
at operationally relevant distances and light
conditions.

This requires an officer to rapidly assess
threat based on visual cues and other stimuli
and includes assessing a subject’s
behaviour, actions and any associated
objects (e.g. weapons). This could be in
various lighting conditions/adverse weather
and against subjects wearing a variety of
clothes, as reflected by operational
circumstances. This assessment may begin
upon approach to the subject/incident, from
up to 50m, and before reaching the devices
operational range.

(J4) Identify a subject based on visual
description and deliver a pre-emptive use of
CED. (Limited to identified roles, e.g. AFOs).

Officers are required to accurately identify a
subject which may be based on a
visual/physical description or photograph.
They also need to be able to identify subjects
who may present a threat at distances up to
50m. This could be in low-light or adverse
weather conditions. Such identification could
lead to a pre-emptive use of force.

(J4) Communicate orally with a subject in
clear English and issues warnings as
required by authorised professional practice.

This requires an officer to be able to speak
and listen to a subject’s response. This may
have to be conducted in noisy environments
and may require the officer to shout.

(J4) Retain a CED against a combative
subject.

This requires an officer to visually identify
weapon retention situations before they arise
through visual assessment and other cues.
They need to be able to perform weapon
retention techniques that require manual
dexterity, sufficient strength and
coordination.

Note: CED laser specification- class IIIa laser, max output 5mW, wavelength 630-680Nm.
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Appendix 2 – AFO/STU Visual Standards
Binocular vision:

6/7.5 aided or unaided
(6/12 or better worst eye)

Unaided 6/36
(When successful correction has been achieved using soft
contact lenses unaided standard need not apply).

Colour Vision:

Dichromats and severe anomalous trichromats unsuitable for
firearms (including CED) roles

If colour vision status has not already been established by
previous testing

Ishihara as screening test – if abnormal then confirm with
either –

2nd edition City University Test (fail if 5 or more total errors
Or 2 errors on the large circle plates)
Using Farnsworth DI5 (fail if 2 or more major crossings)
Other equivalent or additional tests should be used but generally unless clinically
indicated colour vision needs checked only once.
Normal Vision fields (checked by confrontation unless detailed assessment
clinically indicated)
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Frequency of Medical Assessments
Initial Assessment.
Prior to appointment as firearms officer a full medical history verified by their GP
should be obtained prior to OH assessment.
Occupational health can decide what tests are needed based on history /
sickness record and role risk assessments but, as a minimum, this should
include blood pressure (BP) check, visual acuity, visual fields (by confrontation),
colour vision status (if not already known), pure tone audiometry and urinalysis
(for glycosuria).
Lung function if the role includes respirator use.

Review Assessments
Audiometry currently needs to be repeated annually as this is statutory health
surveillance in line with the HSE guidance on exemption for the operational use
of firearms (Control of Noise at Work Regulations 2005).
Every second year - officer to self-declare any change in health status or
medication. Check absence record, visual acuity, visual fields, BP and urine.
At least every sixth year repeat initial assessment including verified medical
history and other tests (colour vision need not be re checked unless clinically
indicated.)
Officers should be referred back to occupational health for review following
absences with significant medical conditions or when management are
concerned that a health issue may be impacting on the safe performance of role.

NB The above are relevant excerpts from the full medical standards for AFOs.
The full medical standards can be provided if required.
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Appendix 3 – Police recruitment eyesight standards
The standard of eyesight which must be met by a candidate for appointment to a police force
in respect of each of the matters specified in the first column of the following table is that
specified in the second column of the table.
Eyesight

Mandatory requirement

Static Visual Acuityi

Corrected distance visual acuity must be
6/12 in either eye and 6/6 or better,
binocularly.
Corrected near static visual acuity must be
6/9 or better, binocularly.
[Applicants who do not reach the standard
should not be rejected but should be invited
for a further test after obtaining a stronger
prescription].
Uncorrected visual acuity must be 6/36 or
better, binocularly.
Corrected low contrast distance visual acuity
must be 6/12 or better for a 10% contrast
target, binocularly.

Visual Fieldii

A field-of-view of at least 120 degrees
horizontally by 100 degrees vertically is
required. The field-of-view should be free of
any large defective areas, particularly in the
fovea. Single defects smaller than the
physiological blind spot, and multiple defects
that add to an area smaller than the
physiological blind spot, should be
acceptable.

Colour Visioniii

Monochromats should be rejected.
Mild anomalous trichromats are acceptable
and should be treated as normals.
Severe anomalous trichromats and
dichromats are also acceptable and should
be instructed in coping strategies.
[Applicants who show a lowered
discrimination for blue colours should be
referred to an ophthalmologist for further
assessment. This should include a measure
of their dark adaptation performance].

Spectacles and contact
lenses

Correction should be worn where necessary
to achieve 6/6 binocularly.
Corrective spectacles and contact lenses are
acceptable for the tasks of an Operational
Police Constable.
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Eye Surgery

PRK, LASIK, LASEK, ICRS, cataract
surgery: There is no significant weakening of
the cornea and applicants should not be
rejected. A period of at least 6 weeks after
surgery should be allowed before
applications are accepted. There may be a
reduction in low light level visual
performance:
Test visual performance under low
illuminance conditions.
Radial Keratotomy (RK), Arcuate Keratotomy
(AK), corneal grafts. Any other surgical
procedures that result in a significant
weakening of the cornea. There is a
measurable risk of corneal rupture if the eye
is struck.
Applicants should be rejected.

i

Acuity should be measured using a Snellen eye chart, or equivalent.

ii

The field of view may be tested using a confrontation test. However, it is recommended that forces
use more sophisticated testing equipment, where possible. If the results of the confrontation test
suggest that there is a reduced visual field, or if the results of the medical questionnaire suggest an
increased risk of reduced visual field, applicants should be referred to an ophthalmologist for a
thorough examination of their visual field.
Colour vision should be tested using the Farnsworth D-15 test. Applicants should not wear ‘colour
correcting’ lenses during the colour vision tests.
iii
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