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EXECUTIVE SUMMARY

Background

T

Spectral Edge, a spin-off from the University of East Anglia, has developed an
image processing technology called &yeteqd . I t 1| skEyatelgai me d
significantly improves the visual distinctiveness of colours in images for people
with colour blindness, without adversely impacting on the experiences of people
who are not colour blind. Indeed, evidence reported by Spectral Edge based on
static images, suggests that viewers without colour blindness might even prefer
images processed with Eyeteq.

Spectral Edge is further developing the Eyeteq product with a view to embed or
add the technology to digital television sets. Independent evidence was required
to demonstrate how colour-blind and non-colour blind people might experience

this product in a television environment.

Aims and objectives

1 Spectral Edge received funding from investors and Innovate UK to further

develop their product. i2 media research Itd was commissioned to understand:

1 Does Eyeteq processing of a moving image (video) improve the TV
experience for people with colour blindness by enhancing the visual
distinctiveness of colours in video images and without negatively impacting
the experiences of viewers who are not colour blind?

1 What would be consumers' initial pricing expectations for the Eyeteq

product?

1 To test the experiential benefits of Eyeteq for people with and without colour

blindness and to explore the conditions under which Eyeteq is most positively
evaluated, this document reports on our independent evaluation using two

laboratory-based experimental studies.
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Our experimental approach

1 Two studies, the first a pilot experiment, were conducted primarily to investigate
the experiential differences associated with watching video content treated at
different levels of Eyeteq.

1 The two studies also explored methodological and experimental design
guestions, revealing how different approaches to testing the primary research
guestion might yield different results.

1 This has important marketing implications and richly increases the overall
findings providing a more comprehensive product evaluation. It also informs the
next logical research steps in any further commissioned product development.

1 These additional investigations provided insights about the impact on the
experience/quality outcome measures of:

1 explicitly increasing participant awareness about how Eyeteq can improve
discriminability of colours;

1 using Eyeteq settings based on assessment of colour vision sensitivity type
(deutan/protan) or subjective colour preference;
using different genres of television content with different production styles;

asking for comparative or absolute judgements of experience/quality.

Samples

1 Across both studies, a total of 114 participants were individually tested, of whom
72 were colour blind (CB) and 42 were non colour blind (NCB).
1 Study 1 comprised 12 CB and 12 NCB participants. Of the CB sample, 3
were classified as 'deutan’, 9 as 'protan’.
1 In study 2 there were 60 CB and 30 NCB participants. Of the CB sample,
40 were classified as 'deutan’, 10 as 'protan’, and 10 were 'unclassified'.
Unclassified participants tested with colour vision sensitivity problems in the

red-green spectrum, but gave ambiguous classification results.
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The CB sample was naturally skewed towards a predominance of males (11 out
of 12 in study 1, and 55 out of 60 in study 2).

The NCB sample was selected to be more representative of the general
population in terms of gender. There were equal numbers of men and women in
each NCB sample (6 out of 12 in study 1, and 15 out of 30, study 2).

Video presentations: Eyeteq settings evaluated

T

Il n study 1, Eyeteq was available in a 6deu
Oprotandé presentagwas.ohhyspudyelte@&Eykeode O
two different variants, one with 6Colour R
Refinement type B6&6 (in short, O6Eyeteq A0 a
study 2 is the same as stulyd. 6deut and presen
Amongst the CB samples:

1 Instudy 1 (pilot), 3 viewed 'deutan’ and 9 viewed 'protan’ presentations

1 Instudy 2, 20 viewed 'Eyeteq A', 40 viewed 'Eyeteq B' presentations.

For the NCB samples:

1 In study 1 (pilot), 6 viewed 'deutan’ and 6 viewed 'protan’ presentations

1 Instudy 2, 9 viewed 'Eyeteq A' and 21 viewed 'Eyeteq B' presentations

The Eyeteq settings are expressed throughout this report in terms of

percentages of intensity (0-100%) along one of two colour palettes, whether

compensating for 'deutan’ and ‘protan’ colour sensitivity problems (study 1), or
presenting a different style of cestidyur ref

2).

In study 1 (pilot), settings were fixed at 3 levels of intensity (off, 50% and 100%).
The results of this pilot suggested that participants should be allowed more
flexibility in their choice.

In study 2, the settings were variable depending on the intensity of colour
balance preferences.

In study 1, the colour palette (deutan or protan) of the video presentation seen

by the colour blind participants was determined by the 'diagnostic’ classification
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of the participant, based on Ishihara and Anomaloscope assessment (e.g.,
matching 'protan’ participants with 'protan’ settings).

T I'n study 2, the cAdoar dphEyeteqr BdOgwd e qdet
subjective preferences of participants chosen after exploring both dimensions of
colour balance.

1 Instudy 1, diagnostically classified protans comprised 75% of the CB sample,
there was therefore a skew toward more independent tests of the protan
compared with deutan (Eyeteq) settings in the critical trials.

1 In study 2, preliminary calibrated subjective preferences for colour balance were
carefully assessed prior to the critical trials, and diagnostic classification was
recorded for later analysis rather than to drive the presentation type.

1 Instudy 2, CB participants provided both: (a) preference ratings for Eyeteq
treated video (relative to untreated video) for a range of (6) short video clips; and
(b) absolute quality and experience ratings of a single, longer video montage

treated with Eyeteq, whereas NCB participants provided only absolute ratings

(b).

Headline results

Do colour blind participants prefer the quality of Eyeteq treated video to

untreated video, and how?

9 Calibration trials: During the calibration, participants were given the opportunity
to explore the range of colour balance available with Eyeteq and select a
preferred colour balance. Their preference was verified in a split screen
comparison with an untreated reference image before the critical trials began.

9 Eight out of 10 CB participants classified as deutan endorsed the Eyeteq
treated video in preference to an untreated reference video during the
calibration verification.

1 Video shorts: For all CB participants (irrespective of whether they were
classified as deutan or protan), the majority preferred the quality of Eyeteq
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processed to unprocessed video for all but one of the six short video preference

trials.

1 Of those who expressed a preference (excluding those who could not choose
between the Eyeteq treated and untreated videos), Eyeteq was preferred by
up to 73% of the CB sample.

1 Longer video montage: Eyeteq treated video content of longer duration was
considered acceptable overall by a majority (97%) of the CB sample, even
though the content was variable.

1 Eyeteq treated video content of longer duration was considered acceptable at
least most of the time by over 9 out of 10 participants.

1 Overall quality ratings of this Eyeteq treated video content were very positive,
even though 'naturalness' was not rated as highly.

1 Itis unlikely that interest in the video content, per se, impacted their
acceptability ratings.

1 Compared with usual television viewing experiences, the longer Eyeteq
treated video was rated as more colourful, more distinctive and more liked.

1 Eyeteq treated video did not adversely impact viewing experiences (e.g.,
dizziness, headache).

Did people with normal colour sensitivity (non colour blind) find the quality of

the Eyeteq treated video at least acceptable, and in what ways?

1 Almost 9 out of every 10 non colour blind participants found Eyeteq treated
images to be acceptable.
Eyeteq treated video was considered to be of generally good quality.
Eyeteq treated video was considered more colourful and easier to distinguish.
than the television images they are used to seeing on television.

1 Eyeteq treated video was not experienced in an adverse way (e.g., dizziness,
headache).

What were pricing expectations of the Eyeteq product?
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For colour blind participants, one-off cost expectations ranged from £45-75 (not
including the price of the TV) and £7-8 per month for subscription based
services.

Non colour blind participants' cost expectations should be treated with caution as

most did not live with a CB person and have less incentive to purchase.

Discussion and further research

T

The vast majority of CB patrticipants considered that Eyeteq treated video
calibrated to their personal preferred colour balance can generalise to some
genres of video content better than others. This was supported by the results of
Study 1 (pilot) and informed and altered the design of Study 2.
When the preferred Eyeteq setting was applied to a longer video montage, there
was almost unanimous agreement that the quality was acceptable at least most
of the time.
Our results suggest that a personalised calibration is a good means of providing
viewers with colour corrected video content that they can enjoy.
Diagnostic classification of colour deficiency combined with narrowly defined
intensity settings (50% and 100%) yielded lower and fewer positive evaluations,
whilst freedom to adjust the processing in study 2 yielded mostly positive
evaluations.
The researchers note how several CBs set their calibration preferences at
virtually imperceptible levels to us (as NCB researchers) and yet CBs sometimes
reliably continued to prefer those subtle colour corrections.
1 Research conducted elsewhere (e.g., Simunovic et al., 2001) suggests that
colour blind people might be at an advantage in some perceptual contexts.
Other research by Spectral Edge indicating that increased discriminability of
colours in an image improves subjective quality evaluations of that image by CB
participants, was not generalisable to this video research, and was not supported

by the pilot study.
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1 However, CB and NCB participants in study 2 indicated that the Eyeteq
treatment did enable them to better distinguish colours in video content
compared to images they usually see on television.

1 Evaluations of longer video clips that are conducted as independent trials
(without viewing a reference picture using untreated parallel video content)
provide a useful indication of absolute quality and experiential ratings tend to be
more supportive of the Eyeteq proposition, particularly amongst NCBs.
However, the short clip trials clearly illustrate how different genres of television
content with different production styles can exploit or harm the experiential and
guality benefits of Eyeteq, even for CB participants.

1 The results suggest several lines of further investigation:

1 The impact of longer viewing durations;

1 A richer exploration into the television genres that work better than others and
why, to inform more dynamic and improved Eyeteq treatment developments,
along with identifying video content (e.g., in gaming as well as television
environments) more suited than others for colour treatment; and

1 A better understanding of the relationship between interest in content and
acceptability (for instance, for favourite television programmes).

1 A naturalistic study would be a feasible next step.

PN
© i2media research |Research Report prepared for Spectral Edge Z@@’I
N

mediaresearch



CONTENTS

] o [F o110 ] o EEU TP EPTPP RPN 12
What is COloUr DIINANESS? ... 12
Prevalence of colour BINANESS .........ooviiiiiiiii e 13
Colour blindness and accessibility of media eXperiences ............cccccvvveeenienennnnnnns 14

Visibility and awareness of the colour blind problem.............ccccciiiiiiiiiiiiiiinnnns 14
(€= 0T To T a0 [0 1S 1 Y/ 15
WED aCCESSIDINLY.......eveieieie e 16
AIMS AN ODJECHIVES .....oeiiiiiiiiiiiiiiieeeeeeee ettt 17

1171 Lo Lo IR PP PPPPPPPPPPP 18

37 o | o S 18
Study 1 (PIlO) SUMMATY ....ovviiiieee e e 18
STUAY 2 SUMIMEBIY ..ceiiiiiiiiiiieieeee ettt e e e e e e e eeees 19

SAIMIPIES .. 20
0 (0o | A (o1 ) TR 20
03 (0 [0 Y UPP 21

DiagnOSHIC ClaSSITICALION ........uuiiiiiiiiiiiiiiiiiiib bbb 24
StatiC IMage ASSESSIMENT........ceviiiiiiiiiiiiiiiiei ettt 24
ISRINAra ASSESSMENT . ......uuuiiiiiiiiiiiiiie b 25
ANOMAlOSCOPE ASSESSIMENT ... .cciiiiii i 26

Y=Y C=To [ o] (0] 01T =S 28
Proportion of different Eyeteq presentations ..., 28
Determinants of viewing condition: Eyeteq colour balance/intensity ................. 28

|@ © i2media research |Research Report prepared for Spectral Edge

mediaresearch



AV A To [<Yo I] 10 010 | TP 31

Critical Video Montage (long): 'Original Video' ..........cccccoevviiviiiiiiiiiieeeeceeein, 33
SNOMt VIAEO ClIPS ... 35
IShihara Vide0 MONTAGE .........uuuuiiiiiiiiiiiiiiiiiiiiii e 35
Video clips for calibration trialS.............ccooiiiiiiiiiiii e 36
Questionnaires: outcome measures and fOrmMS...........cccoevviiiiiie i, 38
Background QUESHIONNAITE ........coooeeiieieeee e 38
Calibration fOrM ... ... 38
Critical trials: ClipsS QUESHIONNAIIE .........uuuiiieieeieeeeice e e e 39
(Original Video) Quality and Experience questionnaire............cccceeeeeeeeeeeevvnnnnnn. 39
Pricing and value qQUESTIONNAIIE .........cooeeiieeeeeeeeee e 40
Study 1 (PIlOL) MEASUIES ....coeiiiiiiiiiiiiiiieeeeeeee ettt 40
[ ool =T o [ (N 41

How did colour blind participants rate and evaluate the quality of Eyeteq treated

1[0 [T 0 46
The majority preferred Eyeteq processed to unprocessed video ...................... 46
Eyeteq processed video was rated as acceptable even if it was not preferred . 49

Eyeteq treated video content of longer duration was considered acceptable

overall by a majority (97%), even though the content was variable .................. 51

Eyeteq treated video content of longer duration was considered acceptable at

least most of the time by over 9 out of 10 participants ..........cccceevvviiiieiiiiiinennnns 52

It is unlikely that interest in the video content, per se, impacted their acceptability

= U1 0 R 52

Overall quality ratings of Eyeteq treated video content were very positive, even

though 'naturalness’ was not rated as highly...............cccoooii i, 53
— \I
© i2media research |Research Report prepared for Spectral Edge :@9/
N

mediaresearch



Compared with usual television viewing experiences, Eyeteq treated video was

rated as more colourful, more distinctive and more liked ..........cccovveveeiiininiin.. 54

Eyeteq treated images did not adversely impact viewing experiences (e.g.,
dizziness, headacChe) ........coouuiiiiii s 55

Did people with normal colour sensitivity (non colour blind) find the quality of the

Eyeteq treated video at least acceptable, and in what ways?..........cccccvvvvvcinnnnenn. 57

Almost 9 out of every 10 participants found Eyeteq treated images to be
ACCEPLADIE ... 57

Eyeteq treated video was considered to be of generally good quality................ 58

Eyeteq treated video was considered more colourful and easier to distinguish

than the television images they are used to seeing on television...................... 59

Eyeteq treated video was not experienced in an adverse way (e.g., dizziness,
NEAAACKNE) ... ..o e 60

What were pricing expectations of the Eyeteq product? ............cccceeeveeieiivieiinnnnnnn. 61

For colour blind participants, one-off cost expectations ranged from £50 (not
including the price of the TV) and £7-8 per month for subscription based

SIVIC S . et e 61

Non colour blind participantsd cost

as most did not live with a CB person and have less incentive to purchase ..... 64

expect

DISCUSSION 8N NEXE STEPS....eiiiiiiiiiiiiiiiiiiie ettt eees 65
RETEIENCES ... 67
Y o] 01T T Lo =3P 70
PN

,:@@/ © i2media research |Research Report prepared for Spectral Edge

Nt

mediaresearch



Introduction

What is colour blindness?

Colour vision problems are relatively common and can be congenital or acquired

(Simunovic, 2010). The perception of colour occurs when colour receptors in the

retina, known as cones, are stimulated by light. Gordon (1998) explains that there

are three types of colour receptors and that colour blindness stems from an inability

of the retina to perceive colour due to a malfunction or absence of one or more of

these receptorsoré6 cone s 0 . | n @lownrt rkalsitnd tehyee niosn abl e
any given colour to a mixture of three primary colours in the appropr i at e proport.i
(Suero, 2005, p. 90).

The term 'trichromatism' is used to indicate normal colour vision. In terms of types of
cone deficiencies, the most extreme is 'monochromatism’ which is very rare and
caused by the absence of cones. The absence (or malfunction) of cones has a
genetic origin and is determined by the X-linked gene inherited in males but
transmitted through females. This makes the deficiency very rare in females and
more prevalent in males, because they lack a spare X chromosome. Colours can be
distinguished by differences in brightness only. This deficiency is also connected
with low visual acuity and photophobia. 'Achromatopsia’ is a type of

monochromatism in which all colours are perceived as black, gray and white.

'‘Dichromatism' is a type of deficiency in which the individual is unable to accurately
perceive red and green hues (Broackes, 2010). Without the red/green dimension,
the world is seen in shades of blues, yellows, and greys (Palmer 1999, in Broackes,
2010). Dichromatism is "a complete loss of a whole dimension. Orange and purple
must lose their red component, turquoise and chartreuse lose their green, and the

whole world of colour collapse from three dimensions to two.0(p. 3, Broackes, 2010).
'Protanopia’, 'deuteranopia’ and 'tritanopia’ are three types of dichromatism.

Protanopia is caused by the absence of the L-cone (red) pigment which results in a
visual experience in which red, white and green, blue and purple, yellow and green,

and blue-green are confused. Deuteranopia is related to the absence of M-cone
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(green) that creates confusion in the perception of yellow and green, white and green
and red. Tritanopia is related to the absence of the S-cone (blue) pigment which
creates confusion with blue, grey and yellow, white and yellow, blue, blue-greens
and green and blue and greenish yellow. Red and green types of colour blindness
are generally genetic but blueZellow deficiency is mostly related to acquired

diseases, for instance where there is damage to the optic nerve.

There are anomalies in the perception of colour as well as deficiencies. Whilst those
with anomalies are still trichromats, people with protanomaly, deuteronomaly, and
tritanomaly have reduced sensitivity to red, green and blue light, respectively.

Prevalence of colour blindness

The prevalence of colour blindness varies somewhat between authors, though
broadly speaking estimates exist within a similar range indicating that colour vision
deficiencies affect around 8% of males and 0.5% of females in Caucasian societies
(Birch 1998; Cole 2007; Simonevic, 2010). Gordon (1998) indicates that 8% of
women are carriers of the gene without experiencing any colour deficiency while
Hood et al. (2006) suggest this figure to be as high as 15%. However, Delpero
O'Neill, Casson and Hovis (2005) also note congenital colour vision deficiency is
significantly lower in Asian, African and Native populations. As such, estimations of
colour blindness affecting 8% of males and 0.5% of females are only applicable to
North American and European populations, with the variation ranging from 2-8% for

males.

In terms of the specific type of colour deficiencies, the level of colour discrimination
varies greatly between individuals. The percentage of the population estimated to be
affected by protanopia and deuteranopia is at 1% men and 0.01% of women.
Tritanopia is incredibly rare affecting around 1 in 13,000 for both men and women
(Cole, 2007). While the protanomalies are estimated to affect 1% of men and 0.03%
women and deuteronomaly, for 5% of men and 0.35% of women. Tritanomaly is very
rare (Cole, 2007).

An illustrated summary of these conditions is provided in Figure 1.1 below.
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DEUTERANOPIA

DICHROMATISM
: PROTANOPIA

TRITANOPIA

ACHROMATOPSIA
! NORMAL VISION

COLOUR

MONOCHROMATISM
VISION

DEUTERANOMALY

PROTANOMALY

TRITANOMALY

TRICHROMATISM

Figure 1.1 Summary of the types of colour vision deficiencies and anomalies

Colour blindness and accessibility of media experiences

Visibility and awareness of the colour blind problem

Colourvisiondeficency can affect peopl eds Ilgeting i n mul
dressed, cooking, driving and watching TV (Tagarelli et al., 2004), in learning (see
www.colourblindawareness.org/teachers/), and in choice of a career (e.g., CAA,

2009; Spalding, 1999).

The Disability Discrimination Act (DDA) identifies a person with disabilities as

someone who has fAa physical or mental- i mpair
term adverse effect on the ability to carry out normalday-to-d ay acti vi-ti eso.
blindness is a long term condition, but does not prevent a person carrying out normal
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activities even if it influences them in their daily life (Cole, 2004). Indeed according to
the Health and Safety Executive (2005):

"A colour vision deficiency is unlikely to constitute a
disability for the purposes of the Disability Discrimination
Act 2005 unless there is a total inability to distinguish
colours, which occurs very rarely." (p.2, HSE, 2005)

Without legislation, people with colour blindness are reliant on industry
guidelines/best practice to respond to their needs. However, few actions are taken
to raise awareness or implement measures to lessen the impact on people with
colour blindness. This low interest in developing colour blind related solutions may
equally be a result of good adaptation to, and acceptance of, deficiency/reduced
colour sensitivity amongst the colour blind population. Without complaints, there is

little need or market to whom the industry can respond.

In September 2014, Metro newspaper reported on a complaint from the colour blind
community about televised coverage of a football game. During the Liverpool vs.
Ludogorets game two days earlier, viewers with colour-blindness complained on

Twitter about the wardrobe choice of the teams who played in red and green kits

making the game very hard to follow. The

which the players between the two teams were indistinguishable and looked like
Afl oating headso.

For ease of reading through this report, we will refer to people with both deficiency
and reduced sensitivity to the colours

distinguishing mild and strong types where possible.

Gaming industry

The colour blind issue with regard to the games industry has been highlighted in a
BBC article by Dave Lee (17™ April 2011). The article suggested that the addressing
colour blindness is considered important for gamers but not a priority for developers
and game companies. As an example Nintendo refused to include a colour vision
deficiency mode in the new ‘Mario Bros' game and 'PEGI' announced that colour
vision deficiency will not be part of their list of considered disabilities on which games
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are rated even though the number of people (and gamers) with colour vision

disability is around 1 in 12 males and 1 in 200 females. The issue for gamers is real

and a large number of forum threads by gamers illustrate this problem. Kirk

McKeand (2014) in his online article ARed vs.
writes on the topic, pointing out that there are 25 million colour blind players in the

world but that the gaming industry has not largely addressed their colour vision

needs.

Fortunately in some gamest he i bliodmoderdo i s al r egacigslika r eal it
'‘Battlefield 3 and 4', 'Grand Theft Auto’, 'Call of Duty', 'Borderlands 2', Sim City' and

6War or WY Februasy£2al15) in Which the colour mode is important to

differentiate the enemy (red) from the friend (green). However, in these examples,

the developersoécolour blind mode uses colours other than red and green. Some

developers have argued that is easy to include a colour blind mode but that is also

important to develop new ways to carry a message without using colour coding. This

suggests a potentially new marketing avenue for Spectral Edge to pursue.

Web accessibility

Efforts to improve digital accessibility through better web design have benefitted
people with colour blindness. In 2011 World Blind Union published the 'WBU User
Requirements for Television Receiving Equipment’, an accessibility document that
specifies user requirements for television for blind and partially sighted people. The
document indicates a series of guidelines for digital television, IPTV, video on
demand players or internet television that should be implemented in the devices or in
the settings. The focus is on visual impairment and sight loss, not colour blindness
although some of the requirements seem relevant also to colour blindness, such as
the importance of contrast (e.g., discriminating foreground text from background),
codification (reduce/avoid the use of colour coding), that text needs to accompany
images to describe them (especially with graphs), colours (that saturation should be
high and the colour should have sufficient contrast with the background) and light
sensitivity (that users might have light-sensitivity problems and the screen luminosity

needs to be adjustable).
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Other checklists to support design guidelines also offer incidental benefits for people
with colour blindness. For instance, the RNIB (which does not consider colour
blindness as part of its remit) has developed a checklist, which complements and
operationalises the WBU list of design requirements. It also considers materials that

are more susceptible to glare (e.g., glossy paper).

Other standards and guidelines for accessibility have been produced (e.g., BBC
Future Media, Penn State University) specifying the use of colour and colour contrast
standards, which do give particular mention to the needs of people with colour vision
deficiency. Colour blind simulators are generally recommended to check for

adequate contrast (e.g., Vischeck& colour-blindness tools).

Aims and Objectives

&yeteqbis a new image processing technology developed by Spectral Edge. It was
designed to improve the visual distinctiveness of colours in visual stimuli for people
with colour blindness, without adversely impacting on the experiences of people who
are not colour blind. Indeed, evidence reported by Spectral Edge based on static
images, suggests that viewers without colour blindness might even prefer images
processed with Eyeteq. Spectral Edge, with additional funding from investors and
Innovate UK is further developing the Eyeteq product with a view to embed or add
the technology to digital television sets. The findings reported here represent
independent research to explore how colour blind and non colour blind people might

experience this product in a television environment.
Specifically, the following research questions were outlined in our initial proposal:
1. Do colour blind people prefer Eyeteq processed to unprocessed video?

2. By how much do colour blind people prefer it? (e.g., X out of 10 colour blind
participants prefer it to unprocessed video, or colour blind people find it Y% better

than unprocessed video)
3. Do people with normal colour sensitivity (non colour blind) not mind it?

4. What are people's pricing preferences/expectations?
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Method

Design

Each study used a different approach to address the research questions.

Study 1 (pilot) summary

In study 1, we piloted the main measures and stimuli, and ran an experimental trial

that was used to inform the design of the main study 2.

To capitalise on a small sample of CB people, for statistical robustness we deployed
a 'repeated measures' design whereby all participants were exposed to all levels of
fixed ET settings (OFF, 50%, 100%). To prevent biases associated with fixed
presentation sequences, the sequence in which the three viewing conditions (OFF,
50% and 100%) was presented, was counterbalanced across the CB and NCB

samples separately.

In addition, the impact of drawing participants' attention to the colour discrimination
benefits of ET was also explored. Half of each of the CB and NCB samples
evaluated the main test video (Original video) first before evaluating the Ishihara
video which drew their attention to the colour discrimination benefits (Order A:
Original Video/Ishihara), and the other half had the reverse order (Order B:
Ishihara/Original Video).

Therefore, two factors were manipulated: ET setting (3 levels: OFF, 50%, 100%) and
Order (2 levels: A and B)

The colour palette in which the intensity of ET was seen by the colour blind
participants (i.e., deutan or protan) was determined by the 'diagnostic' classification
of the participant based on Ishihara and/or Anomaloscope assessment (e.g.,
matching 'protan’ participants with 'protan’ settings). The CB patrticipants' diagnostic
classifications dictated the proportion of Eyeteq treated presentations that were of
the deutan or protan variety. The NCB sample viewed an equal number of deutan

and protan presentations (6).

The outcome (dependent) variables were:
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absolute post test ratings of quality and experience
guality ratings comparing the video they'd viewed to the pictures they usually
see on television

1 overall preference (trial 1, 2 or 3 corresponding to the 3 ET levels,
counterbalanced)

1 qualitative comparative feedback (during a 4-way split screen review of the

videos)

The results of the study 1(pilot) informed the approach taken in the main study 2
(summarised below). The powerpoint report of the results summary is provided in
Appendix 1.

Study 2 summary

In study 2 - the main study - ET settings were calibrated to the subjective
preferences of CB participants, which they chose after exploring the colour balance
of both Eyeteq A and Eyeteq B, representing two variants of the deutan setting.

Eyeteq A was equivalent to that used for the deutan setting in study 1.

The NCB control group, which was half the size of the CB sample, viewed an
approximately representative range of ET settings selected by the CB sample. The
setting for each individual NCB participant was calculated by pairing and averaging
intensities and colour balances selected by participants in the CB sample. Any CB
participant's data contributed just once to a pair. Fortunately most pairs were similar
in size (e.g., two CBs choosing 99% and 95% Eyeteq A would provide a 97% Eyeteq
A setting for a NCB patrticipant). The following table 2.1 shows the ET settings to

which the NCB participants were exposed.

After calibration, CB participants were subsequently tested with different critical
video contents shown only at that preferred ET level. First they compared treated
content with ET 'off' settings in a side-by-side comparison, and then independently in
full screen. NCB participants viewed and evaluated just the second, independent full

screen presentation, meaning they never saw the side-by-side comparisons.

Experimentally, this meant that only for the CB sample was ET was a within group

factor (2 levels: off and preferred ET setting).
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The outcome (dependent) variables were:

1 comparative preference and acceptability ratings of ET treated vs.ET
untreated video content (6 short clips);

1 absolute post test ratings of acceptability, quality and experience of ET
treated content (longer clip); and

1 quality ratings, comparing the ET treated content (longer clip) they'd viewed to
the pictures they usually see on television.

A powerpoint slide deck addressing just study 2 is provided in Appendix 2.

Samples

Participants were recruited from a range of sources, mostly local (South East
London), including using advertisements in local press and shopping centres,
targeted social media advertising (facebook, twitter and online forums) and a

recruitment agency.

Across both studies, a total of 114 participants were individually tested, of whom 72
were colour blind (CB) and 42 were non colour blind (NCB).

The genetic underpinning of colour blindness (carried on the X chromosome) means
that this 'disability’ (as a colour deficiency or anomaly) primarily affects men, hence
the CB samples of both studies were naturally skewed towards a predominance of

males.

The study did not intend to directly compare the perceptual experiences of CB and
NCB participants as we assume their perceptions are naturally different, and the
data from these samples were intended to be analysed separately. As a
consequence, we maintained a balance of males and females in the NCB sample so

that they were more representative of the NCB rather than CB population.
Study 1 (pilot)
Study 1 comprised 24 participants of whom 12 were CB and 12 were NCB.

In terms of their demographics, 22 out of the 24 participants gave background

information. The mean age of those who responded was 37 years (range 18-74
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years). The mean age of the CB sample was 39 years, and for NCB sample it was
35 years. Independent samples t-test indicated that this difference in age was not
significant (t = -0.54, df = 21, ns).

There were 11 males and 1 female in the CB sample, and an equal division (6

males, 6 females) in the NCB sample.

Of the CB sample, 3 were classified as 'deutan’, 9 as 'protan’ using a combination of
Ishihara and anomaloscope assessment (See 'diagnostic classification' section for
protocol).

Study 2

In study 2 there were 60 CB and 30 NCB participants. Of the CB sample, 40 were
classified as 'deutan’, 10 as 'protan’, and 10 were 'unclassified' using the Ishihara
assessment. One or two participants were additionally assessed with the
anomaloscope for further clarification where possible. Unclassified participants
tested with colour vision sensitivity problems in the red-green spectrum, but gave

ambiguous classification results.

In terms of their demographics, all 90 participants gave background information, their
average age overall was 33 years (range 18-68 years). The mean age of the CB
sample was 36 years, and for NCB sample it was 28 years. Independent samples t-
test indicated that this difference in age was significant (t = -3.88, df = 87.5
(adjusted), p. < 0.001).

In the CB sample, 55 out of 60 were male, and in the NCB sample there was an

equal split (15 male and 15 females).

Most of the participants in the CB sample were UK nationals (86.7%), followed by
Europeans (8.3%: Italy, France, Hungary and Ireland), while the remaining 5% of
participants were from non European countries such as Australia or Thailand.
Similarly, the NCB sample included 70% of UK nationals, 13.3% of Europeans (from
countries such as Italy, Germany, Denmark and France). The remaining 16.7%

included Australians, Russians and Americans (see figure 1, Appendix 3).
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As regards employment status, the majority of participants in the CB sample
described themselves as Employed (56.7%), 20% as Students, 11.7% as Self-
employed, 6.7% as Retired, 3.3% as Unemployed, while the remaining 1.7%
consisted of Full time parents. The majority of the NCB sample was instead
composed by Students (56.7%), only 26.7% was Employed, 10% was Self-employed

and the remaining 6.7% was Unemployed (see figure 2, Appendix 3).

Over 75% of the CB sample reported spending between 1 and 3 hours daily
watching TV compared to 93.4% of the NCB sample. Nearly one in five (18.6%) of
the CB sample reported watching TV between 4 and 5 hours daily compared to the
6.6% of the NCB sample. The remaining 5.1% of the CB sample reported watching
TV for more than 6 hours a day (see figure 3, Appendix 3).

When asked about the kind of TV programming or video content typically watched,
95% of the CB sample selected Movies, 85.5% selected Documentaries, 61.7%
Sports, 56.7% News, 30% Cooking programmes, while the remaining 16.7%
selected other types of content (e.g., cartoons, Youtube videos, TV series). Similar
preferences were indicated by the NCB participants, with the exception of Sports,

selected by only 23.3% of the sample, and News (43%) (see figure 4, Appendix 3).

As regards the devices used to watch TV programming or video content, 78% of the
CB sample selected TV compared to only 53.5% of the NCB sample. A bigger
proportion of the CB sample also reported using Tablet (45.8% instead of 20%);
however only 20% reported using PC compared to the 83.3% reported by the NCB.
Similar percentages were found for the two samples for Smartphone and Projection

screen usage (see figure 5, Appendix 3).

The device used the most to watch TV programming or video content by the CB
sample was TV selected by 64.4%, followed by PC (28.8%), then Smartphone and
Tablet (3.4%). Interestingly, only 20.7% of the NCB sample selected TV as their
most used device (note that a greater proportion of NCBs were students), while
61.1% selected PC, followed by Smartphone (10.3%), Tablet and Projection screen
(3.4%) (see figure 6, Appendix 3).
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The majority of the CB sample rated the quality of their TV picture as Good (52.5%),
37.5% considered it Excellent, 6.8% as Fair, whilst only a small minority rated it as
Bad or Poor. A similar pattern of results was found for the NCB sample with 60%
considering it Good, 26.7% Excellent, and by the remaining, 13.3% Fair (see figure
7, Appendix 3).

Around15% of the CB sample indicated that they Rarely/Never spent time watching
HD television, 35.6% did so Occasionally, 30.5% Most of the time 13.6% about Half
of the time, while 5.1% was unable to give a specific answer. A third of NCB sample
reported Rarely/Never watching TV in high definition, 30% did so Occasionally, 20%
Half of the time and only 10% Most of the time. The remaining 6.7% was unable to

give a specific answer (see figure 8, Appendix 3).

Participants were asked questions regarding their difficulty in discriminating colours
when looking at different materials (i.e., images/video/printed). Overall, results show
that the great majority of the sample (at least 75%) found it A little or Somewhat
difficult to distinguish between colours. Only a minority (between 6 and 15%) found it
either Very or Not at all Difficult (see figure 9, Appendix 3).

The impact of picture quality on enjoyment of video content reported by the CB
sample was more often noticed when watching movies (71.7%), Sport and
Documentaries (both 45%), and less so for News (8.3%), Cooking programmes and
YouTube videos (5%). The pattern of responses was similar for the NCB sample; the
biggest exception was in Sport where only 20% of the sample reported picture
guality having an impact on enjoyment (compared to 45% of CBs) (see figure 10,

Appendix 3).

Over half (56.7%) of the CB sample indicated that their perception of colours on
screen affected their enjoyment when watching Movies, Documentaries (41.7%),
Sports (40%), Cooking programmes (6.7%), News and Youtube video (both 5%).
The pattern of responses was similar for the NCB sample; the biggest exception was
observed for Sport where only 3.3% of the sample reported perception of colours
having an impact on enjoyment (compared to 40% of CBs) (see figure 11, Appendix
3).
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Table 2.1 Summary of sample characteristics for study 1 and 2

Study 1 (n=24)

Study 2 (h=90)

CB (n=12) | NCB (n=12) | CB (n=60) | NCB (n=30)
Males 11 6 55 15
Females 1 6 5 15
Age (years) 39 35 36 28
Participant
classification
Deutan 3 - 40 -
Protan 9 - 10 -
Unclassified - - 10 -
Viewing
condition
Deutan 3 6 - -
Protan 9 6 - -
Eyeteq A - - 20 9
Eyeteq B - - 40 21

Diagnostic classification

Static Image Assessment

A small series of static video images were generated to which colour blind people

might reasonably be expected to have difficulty i n

t he

images and questions were approved by Spectral Edge prior to fieldwork. See

col our

col

our

di s dell mani

of tcdnodthid shagehrising or fafing®d. The feve gatici

Appendix 4. Whilst these images do not comprise a standardised test of colour vision
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deficiency, they offered a participant-friendly introduction to the subsequent formal

standardised tests.

Ishihara Assessment

This method of colour vision assessment was developed by Shinobu Ishihara in
1917. The test comes in different versions that vary in the number of plates (14, 24
and 38). Every plate shows a circular display composed of a mass of differently
sized coloured dots. The image displayed appears to the participant either as a
circular mass of dots with no distinguishable form (blank) or as a number (e.g., '26")
or a squiggly line within the circle.

The presence of colour vision deficiency (CVD) will influence what people see and
the outcome of the test. Individuals with colour-blindness will differentiate themselves
from those with normal colour vision by seeing different numbers or figures, or

nothing at all, in various plates.

On each plate, the target and the background are formed by separate patches with
different lightness to avoid the generation of complex equiluminant edges (Birch,
1997). With the Ishihara it is possible to diagnose both deuteranopia and protanopia
(but not tritanopia) by looking at the results of two of the plates (16 and 17) designed
to differentiate between these two types of dichromacy. However, in 30% to 40% of
the cases the plates will not enable correctly discriminate between the two
deficiencies (e.g., because the individual either sees both numbers or is unable to
see any numbers at all) (Cole, 2007; 1964; Birch, 1997).

The scoring depends on the version of the Ishihara but generally between 0 and 3
errors is suggestive of normal vision, while 5 or more errors are generally indicative
of red-green deficiency (Birch, 1998; Cole, 1963). According to Cole (2007) there is
a small chance (2%) of misdiagnosing normal colour vision when the patient is
colour-blind, and that between 30 to 40% of test results cannot precisely differentiate
between protan and deutan. Such people may have a mild defect but those who

make a large number of errors may be mild or severe (Cole, 1963; Cronem, 1961).

Amongst those showing a colour sensitivity problem, by using plates with the
numbers 26-42-35-96, the test distinguishes ‘deutan’ and 'protan’ classifications, and
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also differentiates mild from strong sensitivity. The diagnosis of deuteranopia is given

if the participant sees:

1 26 as 2 or a 2 with a less discriminable 6;
1 42 as 4 or a 4 with a less discriminable 2;
1 35asa3ora 3 with aless discriminable 5;
1 96 as a9 ora9 with a less discriminable 6.

The diagnosis of protanopia is given if the participant sees:

i 26 as 6 or a 6 with a less discriminable 2;
1 42 as 2 or a 2 with a less discriminable 4;
M 35asaborab with a less discriminable 3;

9 96 as a 6 or a 6 with a less discriminable 9.

Of those unable to read plates, 22 to 25 (unclassified) , a larger proportion - around
one in every 5 - has been found to be protan, compared to deutan, at around 3% of
unclassifieds (Ishihara, 2014). This suggests a greater likelihood of protans amongst

the unclassified sample.

Anomaloscope Assessment

This tool is an optical instrument that is considered a standard and clinical method to
distinguish different types of colour deficiencies (Squire et al., 2005). The shape of

the Anomaloscope is similar to a microscope and the examination starts by asking

the participantto lookintothe anomal oscopebds viewfinder
A0 S c r e destiampmlininary examination, was used to identify if the individual

had a colour vision deficiency.

Participants were presented with the image of a circle, divided into an upper and
lower half, each half a different colour. The task was to try to match the appearance
of the two halves of the circle by rotating the buttons on the body of the
anomaloscope. The task is not always possible and, after exploring the range of
colours, participants were to indicate if a match was possible or not, and the
researcher recorded their response by pressing the corresponding button on the

anomaloscope. The visual task was interrupted every 5 seconds by a white light to
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prevent the participant adapting to the colours.

This test gives three main types of feedback: the diagnosis (Normal, Protanopia,
Protanomaly, Extreme Protanomaly, Deuteranopia, Deuteranomaly and Extreme
Deuteranomaly) and the values of Mixing Light and Anomaly Quotient (see figure 2.1

below).

|Demao, Patient
Geburtsdatum: [F310.73
Unt. Datum: [Z2.07.02

Programm: W
Farbtest: [Rayleigh
Auge: [Rechs
Einstellbreite:  [Ahsalut

Anomalquotient:

f?
Mischlicht: e
——

Vergleichslicht:

Verd.Diagnose:  [Deuleranomalie

Unt. Dauer:

Anomalquotient:
Mischlicht:

Vergleichslicht: Mischlicht:

Vergleichslicht:

Figure 2.1 The anomaloscope diagnostic on screen display [source:
(http://www.ophthalworld.de/cosmoshop/pix/a/z/000164/hmc_ss_1.gif)]

Sometimes the instrument was unable to provide a direct diagnosis. In these cases,
the Anomaly Quotient was used to make a decision. If the Anomaly Quotient was
between 0 to 0.7 the individual was classified as Protanomalous; between 0.7 to 1.4,
was classified as Normal; and values from 1.4 to infinite were considered
Deuteranomalous, in accordance with the Anomaloscope Instruction Manual
(OCULUS, 2006).

Using these values the researcher was, for most of the time, able to continue with
the examination usinga 6 S p e test. dnlth@se instances, the task was the same as
before although it specifically examined the particular type of colour vision deficiency
identified in the screen test, and the anomaloscope presents specific types of colours

to match, that are sensitive to the identified deficiency.
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The examination time was generally influenced by the ability of the anomaloscope to
identify a diagnosis. To avoid overly tiring participants at the first stage of the test
session, the researcher stopped the examination after 15 minutes (for each test, total
30 minutes) and used the values obtained to identify a diagnosis.

Eyeteq properties

The Eyeteq settings are expressed throughout this report in terms of percentages of
intensity (0-100%) along one of two colour palettes, compensating for ‘deutan’ and
‘protan’ colour deficiencies, and labelled as such respectively.

Proportion of different Eyeteq presentations

For the CB sample, in study 1 (pilot) 3 viewed 'deutan’ and 9 viewed 'protan’
presentations and in study 2, 20 viewed 'Eyeteq A', 40 viewed 'Eyeteq B'
presentations. For the NCB samples, in study 1 (pilot) 6 viewed 'deutan’ and 6
viewed 'protan’ presentations and in study 2, 9 viewed 'Eyeteq A" and 21 viewed

'Eyeteq B' presentations

Determinants of viewing condition: Eyeteq colour balance/intensity

The colour balance of the video presentation seen by the CB participants was

determined either by:

(a) (study 1) the 'diagnostic’ classification of the participant based on Ishihara
and/or Anomaloscope assessment (e.g., matching 'protan’ participants with
'‘protan’ settings). Diagnostically classified protans comprised 75% of the CB
sample, there was therefore a skew toward more independent tests of the

protan colour balance; or

(b) (study 2) the subjective preferences of participants chosen after exploring the
colour balance of Eyeteq Aand EyeteqB( Not e t haAtd d By esttagqgy 2
the same as the 06deut a Pdtcipanteveer presanted on i n
with a visual analogue scale with just two labels at each extreme (0, 100). The
scale actually moved through from a scaled colour intensity along both
dimensions of colour palette with strong 6 Ey e t & '§' (aétuially -100)

through the approximate mid-point (actually the original untreated reference
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video, OFF) to strong 6 Ey e t & '400'Bagtually +100) (see figure 2.2

below).

[x] Video Effects

| Basic | Crop | Geometry | Colour | Miscellaneous

) Image Adjust [ Eyeteq personalisation

Strength

] Film Grain

Slider

Figure 2.2 The slider used by CBs (study 2) to calibrate Eyeteq setting

The colour palette of the video presentation seen by the NCB participants was

determined either by:

(a) (study 1) maintaining an equal number of protan and deutan trials in the

sample; or

(b) (study 2) maintaining a similar and representative range of viewing
experiences to those selected by the CB sample through pairing CB

participant settings.

In study 1 (pilot), intensity settings were fixed and ET switched 'on’ or 'off' resulting in
3 levels of intensity (off, 50% and 100%) resulting in five possible conditions when
combined with the colour balance (off, 50% deutan, 100% deutan, 50% protan,

100% protan).

For study 2, any CB participant's intensity and colour balance selection contributed
just once to a pair. Fortunately most pairs were similar in size (e.g., two CBs
choosing 99% and 95% Eyeteq A, would provide a 97% Eyeteq A setting for a NCB

participant)
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There was no direct user control of Eyeteq settings in study 1. In fact participants

were 'blind’ to (not informed about) the setting used for presentations they were

being shown.

Table 2.2 Eyeteq settings viewed by individual NCB participants

GENDER PARTICIPANT SCRIPTS AVERAGE
Female NCB1 Negative -64.69%
Female NCB2 Negative -5.32%
Female NCB3 Negative -52.65%
Female NCB4 Negative -6.45%
Female NCB5 Negative -29.70%
Female NCB6 Positive 45.45%
Female NCB7 Positive 99.45%
Female NCBS8 Positive 37.03%
Female NCB9 Positive 86.87%
Female NCB10 Positive 16.9%
Female NCB11 Positive 12.11%
Female NCB12 Positive 51.42%
Female NCB13 Positive 73.77%
Female NCB14 Positive 57.55%
Female NCB15 Positive 99.94%

Male NCB16 Negative -10.58%
Male NCB17 Negative -71.46%
Male NCB18 Negative -15.92%
Male NCB19 Negative -3.88%
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Male NCB20 Negative 40.58%
Male NCB21 Positive 22.43%
Male NCB22 Positive -36.02%
Male NCB23 Positive 29.14%
Male NCB24 Positive 4.52%

Male NCB25 Positive 44.87%
Male NCB26 Positive 22.51%
Male NCB27 Positive 56.78%
Male NCB28 Positive 5.13%

Male NCB29 Positive 94.58%
Male NCB30 Positive 40.08%

Video stimuli

Visual stimuli were varied (in content/genre and duration) to compare the impact of
Eyeteq processing on video content where poor colour differentiation impacts on
their enjoyment of that content. The viewing experience, irrespective of the content

and duration, was controlled.

The screen was calibrated by a Spectral Edge researcher for colour accuracy by
means of a Datacolor Spyder4 colorimeter. The software is a professional calibrator
that ensures correct representation of colour stimuli to their corresponding
colorimetric CIE XYZ coordinates, for those applications that support ICC profiles.
The white point was set to 6500K (D65) (Fairchild, 2007).

Other TV-specific parameters were standardized for viewing conditions across both
studies (see Table 2.3). Where there are variations, these are noted. For instance
the O0content qu\waliedhbegabse onfsome trids particigamte \sewed
full screen videos, and in others they viewed screens split into 2 or 4 equals sized

videos for side-by-side comparisons.

Table 2.3 Standardised viewing conditions
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Viewing Distance 252/238cm (studyl1/2)

Screen size 40 inches

Contrast 100%

Sharpness 50%

Tint (G/R) G50/R50

Content quality 1920x1080p HD (all videos)
1280x720p HD (only calibration
videos)
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Critical Video Montage (long): 'Original Video'

Purpose: We required a representative range of television content to evaluate the
experiential quality of treating video with different levels of Eyeteq in an experimental

setting.

The critical video montage, herein labelled 'Original Video', was 5.25 minutes long,
and composed of a series of shorter 'clips' of television content. It was used in both

studies 1 and 2.

The contentwasr ecorded using the AEyetv sat
broadcasts satellite HD television on PC and Mac. The duration of each clip was
between 50 sec and 90 sec; this difference was to maintain a coherent audio without

cutting dialogues or music in the middle. The quality of the video was 1920x1080p.

The clips were selected from HD dawithi me

Meo, fiCar S. O.BduniidMoubMasai asoChef o and
The clips were determined by various criteria: 1) representative of typical UK
programming; 2) programmes in which the discrimination of colours may be an
important (essential) part of the experience, such as cookery programmes or nature
documentaries; and 3) the presence in these programmes of the right balance of red
and green necessary to exploit the true potential of Eyeteq. Table 2.4 below

describes the clips used in the experiment.

Table 2.4 Summary of the clips edited into a video montage (‘original video")

Clip 1 (Mountainl) shows images of the
Pennines mountains and the aerial view

of Liverpool and Manchester.
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Clip 2 (Dinner) follows a dinner between
the competitors of areality show.

Clip 3 (House) shows a TV host and a
couple looking for a house in Wales and
a panoramic view of one of the

locations.

Clip 4 (Car) follows two TV hosts in a

AfHIi stori cal Car Ex hi

explaining the models and the features

of the cars.

Clip 5 (Cooking) shows a young
competitor of a cookery reality show in
the process of preparing meat and

vegetables.
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Clip 6 (Mountain2) follows a TV host
wal ki ng through tThree
Peaks Chal | enmrBgodand.r ac

Short video clips

Purpose: To enable us to better understand how television production styles for
different genres might influence perceptions of colour balance in different contents,

six video clips were produced.

For the second study only, the six videos clips that were edited into the Original
Video Montage were edited back to individual short video clips representing the first
30-50 sec of each clip (1-6), as viewed in the montage with each representing a
different genre. The length of these short clips varied, but this was to maintain
coherent audio without cutting dialogues and music in the middle. They are
summarised as above in Table 2.4.

Ishihara Video Montage

Purpose: For the first study only, three Ishihara Video Montages were produced to
explore the impact of drawing participantséattention to the critical Eyeteq properties -
that it could indeed help them see things in images (in this instance, the Ishihara

numbers), that they would otherwise not be able to see.

Each of the three Ishihara videos comprised three plates (selected fromthefi | s hi har a
Test of Colour Deficiencies -3 8 p |),ptesersedl sequentially for 10 seconds

each. Each Ishihara video was therefore 30 seconds long.

Three 'parallel’ versions were produced because participants would see all three
versions of the video at different ET strengths (OFF, 50%, 100%) one after the other
in a randomised order. In this way the numbers to be revealed would be different on
each trial, preventing participants from being influenced by their memory of the

numbers from earlier trials.
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1 Video 1 showed plates with the numbers 6-3-26.
1 Video 2 showed plates with the numbers 8-5-42.
1 Video 3 showed plates with the numbers 29-15-26.

The repetition of plate 26 in the first and third video was due to the source video that
did not include a photograph of all the plates used to discriminate between

protanopia and deuteranopia (plates with the numbers: 26-42-35-96).

The Ishihara video had no sound and the video quality was 1920x1080 HD (see

Figure 2.3 for example).

Figure. 2.3 Plates shown sequentiallyinii | shi hara Video 10

Video clips for calibration trials

Purpose: In study 2, participants were allowed to set their own preferred ET type
(Eyeteq A and Eyeteq B) and level (0-100%) before evaluating the critical videos,
namely video clips 1-6 and the original video (montage). For these calibration trials,
two new videos were produced: one on which to set their preferred colour balance,
and another on which to apply that related ET setting to check that they were still
happy to prefer it to a reference video of same content (where Eyeteq is switched

OFF) in a side-by-side comparison (i.e., ET vs. OFF).

Each calibration video was composed of 5 clips lasting about 30 seconds. The 5

edited clips were looped producing two 15 minute videos.

The video content of the 5 clips were similar across the two calibration videos, using

different parts of the same programme sequence for each clip. They included the TV
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s how A Mu s kmaturalistic dooumentary showing mountains, the quiz show

i QI o gbymatch and a wildlife documentary on leopards. Clip quality was
1280px720 HD, rather than 1920x1080p: the videos were shown only in a split
screen (ET OFF vs. ET ON) that allowed a maximum viewing quality of 1280px720
HD. Table 2.5 illustrates some of the clips used in edited looped video content for the

calibration trials.

Table 2.5 Calibration video clips edited into a looped video montage

Clip 1 (The Musketeers) shows a court
scene in a palace and the conversation

between two girls.

Clip 2 (Leopard) shows a cameraman in
the process of filming a leopard.

Clip 3 (QI) follows a conversation between
the competitors and the host of the

programme.

\
@ © i2media research |Research Report prepared for Spectral Edge

mediaresearch



Clip 4 (Rugby match) presents a rugby BIBE -7y .o W 1o W
match between Wales and Ireland.

Clip 5 (Mountain) shows a panoramic view

of the Dolomites and a rock climber.

Questionnaires: outcome measures and forms

Background questionnaire

A Background questionnaire was used to captu
demographics. Self reported impact of colour vision difficulties on media use was

measured including the extent to which participants experience their colour blindness

as a problem in their viewing of different types of visual stimuli today, e.g., viewing

still and moving content on a desktop computer screen/ handheld device/ TV, and

viewing printed materials.

(See Appendix 5)

Calibration form

The calibration form was used by the researcher to record: the ET setting selected

by participants, and their responses to calibration trials 1-4, as applicable.

(See Appendix 5)
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Critical trials: Clips Questionnaire

This form for researcher use only recorded: (a) the counterbalancing of the position
of the Eyeteq treated video (left, right) for each of the 6 short clips, (b) the participant
preferences (left, right), whether the ET was preferred or not and the acceptability of

the non-preferred video.

(See Appendix 5)

(Original Video) Quality and Experience questionnaire

A viewing experience Quality and Evaluation questionnaire was developed and
refined through the pilot, study 1. The purpose was to measure the quality of
different characteristics of properties of the video presentation to explore how Eyeteq
influenced perceptions. In the final version for Study 2, they fell into 4 broad

categories of questions:

1 Absolute acceptability of picture (yes, no; how much of the time) and interest
in the video content, per se

1 Absolute overall quality judgements of characteristics of the viewing
experience such as sharpness/clarity and naturalness. Some of the qualities
that participants were asked to evaluate were not manipulated (e.g., overall
audio quality). Cross-modal effects for instance, the impact of poor quality
video on audio perception, can result in biased evaluations of non
manipulated variables. A number of characteristics were stripped out after the
pilot study to reduce the number of questions asked of participants. The final
6 items were rated on a scale from 1-9 from ‘extremely bad' (1) through
‘average’' (5) to 'outstanding’ (9)

1 Comparative quality judgements (to their usual television viewing
experiences) of 7 characteristics (e.g., "To what extent do you agree or
disagree that the television picture was more COLOURFUL than those you
usually see on TV"). The questions were rated on a 1-9 scale from 'strongly
disagree' (1) through 'neither agree nor disagree' (5) to 'strongly agree’ (9).

1 Experiential questions were extracted from the ITC-Sense of Presence

Inventory (Lessiter, Freeman, Keogh and Davidoff, 2001). Six items were
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used to measure the sense of being in the scenes displayed (physical
presence), attention/engagement, and whether there were any adverse
effects (e.g., headache, eyestrain) of the viewing experience. All items were
rated on a 1-5 scale, where 1 represented 'strongly disagree’, 3 represented
'neither agree nor disagree' and 5, 'strongly agree'. This is in keeping with the

scale's recommended use.

(See Appendix 5)

Pricing and value questionnaire

The Pricing and value questionnaire asked participants to indicate price points at
which the Eyeteq product would be considered: too expensive; too cheap; quite
expensive but not out of the question; and a bargain. This is based on van

Westendorp's Price Sensitivity Meter (1976).

The questions were preceded by a description of Eyeteq generated by one of the
Spectral Edge team. There were two sets of these 4 price point questions: one

relating to a one-off payment and the other to a monthly subscription.

(See Appendix 5)
Study 1 (pilot) measures

Ishihara Video quality and experience questionnaire

This modified version of the Original Video quality and experience questionnaire
(described above) was used only in the pilot study 1 to look at the impact of drawing
attention to colour distinctiveness. This version omitted the experiential questions
drawn from the ITC-SOPI. The questionnaire was used post viewing of the video of

Ishihara plates, and asked participants to evaluate the quality.

Ranked comparison form

The ranked comparison forms were used after the Quality and Experience
Questionnaire for participants in the pilot who had viewed 3 consecutive differently

treated videos (corresponding to off, 50% and 100%, in a counterbalanced order). It

PN
© i2media research |Research Report prepared for Spectral Edge Z@@’I
N

mediaresearch



was to obtain comparative judgements rather than absolute ratings. They were

asked to rank order their preference of the 3 video trials just viewed.

Two versions were constructed - one for the Original Video and the other for the
Ishihara video.

After giving a ranked preference, participants were asked to write down reasons for
their rankings. They were then presented with a second half of the form, which
directly probed for their reasons in relation to a series of standard questions. This
was presented only after their free responses had been provided so as not to bias

the qualitative reasons for their judgements.

(See Appendix 5)

Split screen form

The Split screen form was used by the researcher to record qualitative feedback
from the participant whilst they viewed the three levels of ET displayed

simultaneously in quarter screen-size images (top left, bottom left, bottom right).

Participants were asked to provide any information about what made one image
better or worse than the others. They reported preferences for different scenes in
differently treated video content (Original Video and Ishihara) using this informal
'‘walk through' method.

(See Appendix 5)

Procedure

At the outset of the project, departmental ethical approval was applied for and
received. The detailed procedure of the pilot, study 1 (the results that informed the
final study 2 protocol), is provided in Appendix 6. The detailed procedure of study 2
is also provided in Appendix 7. A summary of both procedures is illustrated in figure
2.4 below. Only the main study 2 protocol is outlined here.

For study 2 there were two slightly different protocols: the CB sample completed the
full protocol lasting around 40 minutes, whilst NCB sample skipped the calibration

trials and short video clip evaluations, and moved straight from the Ishihara
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assessment (to verify NCB status) to the final full screen critical video assessment.
This prevented them viewing any alternative colour balances against which they
could compare their Eyeteq treated image. The experimental sessions for NCBs
lasted around 20 minutes.

All participants were first welcomed to the lab, provided informed consent to
participate and completed the Background questionnaire. The Ishihara assessment
was then applied to determine their diagnostic colour vision deficiency or verify their
NCB status. Indeed one of the NCBs was identified as colour deficient of which they
had been unaware. This part of the procedure took around 10 minutes for most

participants.

CB participants were then introduced to the calibration component. In a split screen
presentation, participants used a slider to adjust the properties of the ET treated
image displayed on the right (calibration trial 1). They could compare how the image
looked in comparison to the untreated image on the left, used as a reference. There
was no time limit although the looped video did not exceed 15 minutes. No one ran
out of time. Once they were happy that their selected setting represented their
preferred colour balance for viewing that content, this setting was applied to a
second looped video content (calibration trial 2) which was once again presented on
the right, this time without the slider dialog box. Participants were asked to indicate
which of the two images, left of right, they preferred. If they preferred their selected

ET setting, they moved on to the critical trials.

A total of 16 of the 60 CB participants preferred the reference on the left. In these
cases, participants moved on to calibration trial 3 and were asked to adjust this new
video content to the colour balance that they would prefer to view it in, as they had
done in the first calibration. Once they were happy with their new selected setting,
this was applied back to the first video content (calibration trial 4). This time the ET
setting they had selected in calibration trial 1 was presented on the left, and judged
against the new setting derived from calibration trial 3, on the right. The untreated
reference image was removed. In the calibration judgement trials (2 and 4)
participants were not informed which video was treated and/or untreated, or by how

much. Calibration trial 4 prevented participants continually changing their mind. The
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process took between 5 and 15 minutes, depending on how exploratory, interested
and discerning participants were in their selection. Following this final ‘left or right'
judgement calibration, their preferred setting was applied to all the subsequent
critical video trials in which content was treated by Eyeteq.

CB participants were then instructed that they were to view a series of 6 short clips,
this time only once (rather than looped) in a split screen presentation showing
parallel video content. They were asked to think about which was their favourite
image (left or right) and if they had one, to what extent their non preferred image was
nevertheless acceptable. After each of 6 trials, presented in fixed order, participants
gave their evaluations of the short clips. The position of the Eyeteq treated image
(left or right) was counterbalanced so that for each participant 50% of the trials were
on the left, and 50% on the right. We maintained similar counterbalancing within
each trial (i.e., for clip 1, 50% of views of Eyeteq treated images on the left, and 50%

on the right) as much as possible.

All participants completed the final full screen assessment, whereby the preferred
Eyeteq setting was applied to longer (~5 mins) video content (‘Original video', also
piloted in study 1). Post view, they were asked to complete the evaluation
guestionnaire (acceptability, absolute quality ratings, comparative ratings against
their usual television experiences, and experiential ratings). Finally, they completed
the price sensitivity and expectations questionnaire, in a modified form for NCBs so
that it contextualised the question in terms of sharing a television set with someone

with colour vision deficiency.

They were paid for their participation and payments ranged depending on the
duration of the session and recruitment source. Some were reimbursed for travel
expenses. They were then fully debriefed and provided with a take-home information
sheet. See below for a summary of the procedures in figure 2.4, and images of the

testing environment in figure 2.5.
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Figure 2.4 Procedures for Study 1 (pilot) (see image on left) and Study 2 (nb.
NCBs skip the calibration and short clip trials (see image on right)
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