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Abstract: Visual Stress reportedly affects 5-12% of the general population and 20-30% of people with
dyslexia. Symptoms are characterized by visual discomfort and perceptual distortions when viewing lines
of text, and can be exacerbated by fluorescent lighting and bright paper. In this study, nursing students
reported their levels of visual discomfort while reading text on contemporary (ultra-white) paper and on
beige-coloured paper, under either standard classroom-lighting (600 lux; n = 31) or reduced illumination
(400 lux; n = 25). Under the standard lighting, 10(28%) of subjects reported notable levels of Visual
Stress (scoring =15 on a visual discomfort scale of 1-30). When reading from the beige-coloured paper
the group reported less discomfort across all six symptoms. These differences were statistically significant
for five of the six symptoms and the total discomfort score. The results were similar but less pronounced
for the group in the reduced illumination condition. This study found that Visual Stress-related reading
discomfort can also affect capable readers and, moreover, that simple adjustments to lighting and/or
visual media can alleviate such symptoms. The implications of these findings for organisational practice
in education and healthcare settings are discussed.
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Sintomas y severidad del Estrés Visual en estudiantes de enfermeria: implicaciones
para los entornos educativos y sanitarios

Resumen: El estrés visual puede afectar del 5 al 12% de la poblacién general y del 20 al 30% de
las personas con dislexia. Los sinfomas se caracterizan por incomodidad visual y distorsiones de la
percepcién visual en la lectura, y pueden agravarse con la iluminacién fluorescente y el papel brillante.
En este estudio, estudiantes de enfermeria expresan niveles de incomodidad visual al leer texto en papel
ultrablanco y en papel de color beige, ya sea con iluminacién estdndar del aula (600 lux; n = 31) o
con iluminacién reducida (400 lux ; n = 25). Bajo la iluminacién estédndar, 10 (28%) de los sujetos
informaron niveles notables de estrés visual (puntuaciéon = 15 en una escala del a 30). Al leer en color
beige, el grupo presenté menos malestar en los sintomas. Estas diferencias fueron estadisticamente
significativas para cinco sintomas y el total de malestar. Los resultados fueron menos pronunciados
para el grupo en la condicién de iluminacién reducida. Encontrdndose que la incomodidad de lectura
relacionada con estrés visual también puede afectar a lectores expertos y, ademds, que simples ajustes
a la iluminacién y/o medios visuales pueden reducirla. Se discuten las implicaciones para la préctica
en entornos educativos y sanitarios.

Palabras clave: Estrés visual; Dificultades de lectura; lluminacién fluorescente; Papel ultrablanco,
lluminacién excesiva.

involves complex visual and

receives photons reflected (or emitted) from

phonological processes; nevertheless, these
processes can only begin when the retina
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the written page. Consequently, while visual
comfort when reading can be affected by many
external factors, the amount of illumination,
the spectral properties of the illumination, and
the reflectance properties of the page being
read (contrast, brightness) are vitally important.
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In recent decades however, these three
fundamental factors influencing visual and
reading comfort have changed substantially
(Loew, Jones, & Watson, 2014), particularly
regarding the spectral power distribution of
interior lighting in general compounded by
over-illumination and bright visual media in
schools (Winterbottom & Wilkins, 2009).

With respect to illumination levels, most
countries or jurisdictions have specific
illuminance guidelines in place, as stipulated
by their relevant Standards Authorities (e.g.
Australian/New Zealand Standards, British
Standards, European Standards). However,
not only do these de facto minima notably
exceed the levels necessary for good visibility
(Cuttle, 2013) and efficient reading (Fotios,
2011), most workplaces and educational
facilities have illuminances well above such
levels. This may in part be because guidelines
stipulating  maximum illumination  levels
appear to be lacking (Boyce & Wilkins, 2018).
Increasing the brightness of room illuminance
beyond recommended levels has not been
shown to improve reading efficacy; while it has
been shown to induce visual discomfort and
headaches in susceptible populations (Rea,
1982, 1983; Winterbottom & Wilkins, 2009).

In the fields of psychology and vision science
there has been growing interest in visual-
sensory anomalies that cannot be explained
by known optometric or ophthalmological
deficits. One condition that underlies many of
these types of visual processing irregularities
has been termed variously, Meares-Irlen
Syndrome, Pattern-Related Visual Stress, and
Scotopic Sensitivity Syndrome; but nowadays
the term Visual Stress (VS) is most frequently
used (Allen & Hollis, 2008; Kriss & Evans,
2005; Loew et al., 2014).

Symptoms of VS often become apparent
when susceptible individuals are asked to view
high-contrast repetitive striped patterns, and
spatial frequencies in the order of 3 cycles
per degree of visual field tend to evoke the
greatest discomfort (and can also be verified
by an increase in visually-evoked signals
detected by EEG). In relation to everyday
text, the spatial frequencies of the strokes of
letters, and between the words and lines of

text, all fall within the cycle-frequency range
producing maximal visual discomfort for
some individuals when viewing square-wave
gratings. Within this context, and although
reading is an everyday activity, symptoms of
VS in susceptible people when reading are
typically described as: perceptual distortions
of text (e.g., words appear to move, swirl,
shimmer, fade or float); rapidly deteriorating
reading rate and accuracy; increasing
difficulty tracking the lines of text (e.g., reading
the wrong line, skipping words); early onset
of visual fatigue; headaches and/or migraine;
and heightened sensitivity to fluorescent
lighting (Hollis & Allen, 2006; Loew et al.,
2014; Robinson, 1994).

On the other hand, the use of spectral
filters has been widely reported to alleviate
such symptoms (Allen, Evans, & Wilkins,
2012; Evans & Allen, 2016; Loew & Watson,
2012; Noble, Orton, Irlen, & Robinson, 2004;
Singleton &Henderson, 2007; Wilkins & Evans,
2009), although this remains controversial
(Griffiths, Taylor, Henderson, & Barrett, 2016;
Ritchie, Della Sala, & Mclntosh, 2011, 2012).
Notably however, studies employing objective
measures (such as MRl imaging) have not only
detected hyper-excitability of the visual cortex
in subjects with VS, epilepsy, and/or migraine,
but have also produced image-based evidence
showing marked reductions in this excitation
when the same subjects were using optimally-
prescribed spectral filters (Chouinard, Zhou,
Hrybouski, Kim, & Cummine, 2012; Huang
et al.,, 2011; Kim, Seo, Ha, & Kim, 2015;
Wilkins, Huang, & Cao, 2007).

Estimations of the prevalence of VS vary
widely, ranging from 5% (Evans & Allen,
2016) to as high as 24% (Jeanes et al.,
1997), and several studies have found a 12-
14% prevalence in unselected samples (Kriss
& Evans, 2005; Loew, Marsh, & Watson,
2014; Loew, Rodriguez, Marsh, Jones, Nufez,
& Watson, 2015). However, diagnosing VS
morbidity can be difficult and this may in large
part be due to the varying degrees of symptom
severity among VS sufferers, which appears to
lie on a spectrum best described as a continuum
(Evans & Joseph, 2002). Moreover, VS-related
reading difficulties often only become obvious
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to an observer after a subject has continuously
read aloud from normal text for 10 minutes
or more (Evans & Allen, 2016; Loew, Marsh
et al., 2014; Robinson, 1994); albeit that
reading tests designed to detect VS, such as
the Wilkins Rate of Reading Test (WRRT), can
show an effect in less time (Wilkins, Jeanes,
Pumfrey, & Laskier, 1996).

Misinterpretation of VS morbidity may
also potentially occur because similar or
identical symptoms have been reported in a
number of independent disorders including:
developmental dyslexia (Northway, Manahiloy,
& Simpson, 2010; Rodriguez-Pérez, Gonzélez-
Castro, Alvarez, Alvarez, & Fernandez-Cueli,
2012; Wright & Conlon, 2009); attention
deficit/hyperactivity disorder (Loew & Watson,
2013; Taurines et al., 2010); chronic fatigue
syndrome (Loew, Marsh et al., 2014; Robinson,
McGregor, Roberts, Dunstan, & Butt, 2001;
Wilson, Paterson, & Hutchinson, 2015) as
well as photosensitive epilepsy and migraine
(Wilkins, Huang, & Cao, 2007). In addition,
optometric conditions such as accommodation
and vergence anomalies or binocular
instability can cause similar symptoms (Evans,
2007; Evans & Allen, 2016). Hence previous
research findings suggesting that 12-14% of
the population experience at least moderate
levels of VS symptomatology might be viewed
with prudence, particularly in light of a recent
systematic review (Evans & Allen, 2016) which
noted the diverse diagnostic criteria used in
different studies and identified a propensity to
over diagnose VS in some cases. To address

this issue however, a recent Delphi study (Evans,
Allen, & Wilkins, 2016) has now developed

practical diagnostic guidelines based on
consensus via a panel of experts.
Moreover, given that visual discomfort

(also referred to as asthenopia) appears to
be common in university students (Loew et
al., 2015; Yekta, Khabazkhoob, Hashemi et
al., 2017), and that ‘unexplained asthenopia’
was found to be quite prevalent (12.5%) in
1,448 young schoolchildren examined during
The Sydney Myopia Study (lp et al., 2006), it
may well be a latent issue in academic and
workplace environments generally. However, VS
could also be interpreted as form of asthenopia

that includes visual-perceptual distortions when
viewing text, though individuals affected by VS
are often unaware that the “text instability” they
see whilst reading is not experienced by all
readers and thus might be unlikely to ascribe
their reading difficulties to overhead lighting
or the glare from contemporary brilliant white
paper (nowadays infused with fluorescent
chemicals). Within this context, this study’s
grounds for hypothesizing that fluorescent
lighting and ultra-white paper may cause
reading discomfort, visual fatigue and perhaps
reading errors in susceptible individuals who
are otherwise able readers are briefly reviewed.

FLUORESCENT LIGHTING

The effects of room illuminance and glare
levels upon visual acuity and reading comfort
have been an area of research interest for many
years (Berman, Jewett, Benson, & Law, 1997;
Berman, Jewett, Fein, Saika, & Ashford, 1990;
Conlon, Lovegrove, Chekaluk, & Pattison,
1999). Other studies have also investigated
whether the irregular spectrum of fluorescent
lighting can affect visual acuity tasks, cognition
and fatigue (Boyce, 1994; Nawvab, 2001,
2002; Wilkins & Wilkinson, 1991). More
recently, some researchers have questioned
the appropriateness of the current typically
high levels of illumination in workplace and
academic settings.

In one such investigation, Winterbottom and
Wilkins (2009) measured the illuminance (lux
levels) at students” desks in a broad-sample of
90 classrooms spread across 11 schools in the
UK. Their study found that the lighting in 88%
of classrooms dramatically exceeded European
illuminance recommendations for school
classrooms (European Standard EN 12464-
1: 300 Lux). Moreover, 84% of the classrooms
had highly excessive illumination levels (=
1,000 lux), at which point visual discomfort can
become a significant issue for many individuals
(Rea, 1982, 1983). Winterbottom and Wilkins
(2009) also emphasised that any negative
effects caused by excessive lighting would be
inherently compounded by the added glare
reflected from bright visual media such as
whiteboards.
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ULTRA-WHITE PAPER

The whiteness of copy paper is important,
as paper whiteness provides contrast with
the text and can add to the appearance of a
document. Logically however, there likely exists
a limit to the degree of whiteness required for
optimal reading comfort, beyond which further
brilliance and contrast might actually cause
reading discomfort or visual fatigue for some
readers. While book publishers still tend to
use either ‘cream-white’ or ‘true-white’ shades
of paper, the whiteness-levels of today’s copy
paper now far exceed previously attainable
levels (Xerox™, 2005), and this has occurred
due to changes in paper manufacturing
practices (Juri¢, Karlovi¢, Tomi¢, & Novakovi¢,
2013; lodines, 2004) and is unlikely to be
related to customer demand (e.g., nobody
complains about the inferior ‘whiteness’ of
newspapers).

During the 1990s, a surge in demand for A4
copy paper led to fierce competition among
papermakers to secure unprecedented high-
volume sales of copy paper to government
departments and businesses. However, paper
manufacturers had limited scope for marketing
their products as ‘superior’ (i.e., the size or
the thickness of A4 copy paper cannot be
enhanced); however, the ‘whiteness-index’
of a brand of paper offers a viable means of
distinguishing one brand from the next (lodines,
2004). Consequently, market competition in
the paper industry may have led to a spiral of
ever increasing brightness (and thus “perceived
whiteness”) of A4 copy-paper, irrespective of
whether any real benefits to reading comfort
might be gained. In contrast however, most
book publishers maintained their existing
levels of paper-whiteness, perhaps because
they aim for optimal reading comfort for their
customers?

The scale of change that has occurred
to reading material in recent years can best
be gauged by comparing the past and
present technical specifications of paper, as
per the most widely utilised whiteness-index
internationally: the CIE-Whiteness index (O -
100), which was defined by the Commission
Internationale de I'Eclairage (CIE) in France.

For a perfect-reflecting non-fluorescent
white material, the CIE would be 100, and
prior to 1990 the CIE of the whitest papers
existing ranged from 75 to 85 (Loew, Jones,
et al., 2014). In contrast, current ‘ultra-white’
papers display CIE measures of 150 - 170
on their packaging, which begs the question:
‘How can the whiteness of any form of paper
exceed the upper limit of 100 on the CIE-
Whiteness index?’ In reality however, this
apparent “CIE paradox” only became possible
when manufacturers began adding Optical
Brightening Agents (OBAs) to modern printing
paper. OBAs are fluorescing chemicals
designed to capture ultra-violet (UV) light
from the non-visible range and re-emit it as
additional visible light (primarily blue-light
at 457nm = 10nm (Juri¢, Karlovi¢, Tomi¢, &
Novakovi¢, 2013; Xerox™, 2005). The key
incentive for manufacturers to utilise OBAs
is to exploit the fact that the human visual
system perceives a slightly higher proportion
of blue light as added whiteness (Loew, 2017).
Thus, under lighting comprising UV-content
(e.g., modern fluorescent lamps; sunlight), a
brand of paper with CIE-Whiteness 160can
essentially appear (for the reader) to be whiter
than the highest rating on the CIE-Whiteness
Index (CIE 100); and moreover, this type of
paper can actually reflect (and fluoresce) more
visible light back to the eyes of the reader than
it receives from the light source shining upon it
(lodines, 2004; Xerox™, 2005).

AIMS

The key goal of the present study was to
investigate if, and to what extent, the relatively
recent use of brilliant white paper for reading
purposes may be compounding the effects
of increased levels of illumination due to
brighter fluorescent lamps (as well as LEDs).
The negative effects of excessive illumination,
brightness and glare, and their impact upon
visual acuity, visual comfort and reading
efficacy have been widely reported (Berman et
al., 1997; Berman et al., 1990; Winterbottom
& Wilkins, 2009), as has the prevalence of
VS in the community (Evans & Allen, 2016;
Evans & Joseph, 2002; Loew et al., 2014).
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Furthermore, some researchers have found
that bright fluorescent lighting and ultra-white
paper can not only cause visual discomfort
in proficient readers, but can also increase
rates of reading errors recorded in recognised
reading tests (Loew et al., 2015). Thus, the
present study was designed to estimate mean
levels of visual discomfort in undergraduate
university students when reading from ultra-
white paper and compare these to levels
reported when reading from less-bright (beige)
paper. In an effort to separate the effects of
fluorescent lighting from those of fluorescent
ultra-white paper, the degree of reading
discomfort experienced when reading from
both paper types was assessed under typical
classroom lighting (Study 1: 600 lux), and
reduced lighting (Study 2: 400 lux).

METHOD

The two studies reported here differed with
respect to the lighting conditions under which
they were conducted. In Study 1 the lighting
level (mean illuminance at lecture desks) was
606 * 61 lux, whereas in Study 2 the lighting
level was 407 = 20 lux. No participant took
part in both studies. In all other aspects the
procedures followed in the two studies were
the same. Prior to conducting the two main
studies, a pilot study was undertaken to test
the validity of the questionnaire items in
detecting symptoms of visual stress.

PARTICIPANTS

STUDY 1. The subjects in Study 1 were 37
undergraduate nursing students. Preliminary
inspection of the data showed that two
subjects gave atypical and extreme responses
(e.g., under the white paper condition all
their answers were 0, yet under the non-white
paper condition they reported discomfort due
to brightness and glare-related factors). Given
thatthe measures were administered inagroup
condition, it was unclear if they understood the
nature of the symptom-level rating method.
Hence they were excluded from the analysis.
A further four subjects were excluded as they
reported having been previously diagnosed

with  ADHD (two subjects), and previous
research has demonstrated symptom overlap
between ADHD and VS (Loew & Watson,
2013), or a non-optometric reading disorder
(two subjects). The remaining 31 subjects
constitute the sample reported on here. The
average age of the Study 1 subjects was 23
years (SD = 8, range = 17 — 45 years). The
majority (n = 29, 94%) were female while the
remaining two (7%) subjects were male.

STUDY 2. The subjects in Study 2 were 27
undergraduate nursing students. Two subjects
were excluded as one reported having been
diagnosed with a non-optometric reading
disorder, and the other reported having been
diagnosed with chronic fatigue syndrome
(associated with photophobia). The remaining
25 subjects constitute the sample reported on
here. The average age of the Study 2 subjects
was 23 years (SD = 8, range = 18 — 50
years). The majority (n = 24, 96%) were
female and the remaining one (4%) subject
was male.

MEASURES

A questionnaire designed to assess
symptoms of visual and reading discomfortwas
completed by the participants while reading
from standard white paper (Condition 1), and
from beige-coloured paper (Condition 2).
The questionnaire comprised a succinct list of
six typical VS symptoms of reading discomfort
(Table 1) based upon those commonly
described by Conlon et al. (1999), Hollis &
Allen (2006), Irlen (1994), Kruk, Sumbler, &
Willows (2008), and Whiting, Robinson, and
Parrott (1994). Participants were asked to
indicate the degree to which they experienced
any of the six listed symptoms while they read
a short passage of text under each of the
conditions. It is also noteworthy that current
symptoms (rather than previous symptoms)
have been foundto be more reliable predictors
of improvements in reading efficacy from the
use of spectral filters (Hollis & Allen, 2006).
The symptom-level rating scale utilised in the
questionnaire ranged from O = not at all, to
5 = highly noticeable (causes difficulty).
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The questionnaire was designed to be
concise, as reading efficiency in individuals
with VS is known to deteriorate in a relatively
short period of time (Evans & Allen, 2016;
Irlen, 1994; Robinson, 1994), thus a lengthy
survey completion time may not be ideal when
comparing two reading conditions. However,
the short six-symptom questionnaire also
provided a seventh comparative measure: a
Total Visual Discomfort Score (range = 0 -
30). This added measure was practical given
that it has previously been demonstrated (via
a two-parameter Rasch rating-scale model
producing a uni-dimensional logistic test
scale) that visual discomfort can be accurately
measured on a single dimension using a
discomfort scale of this design (Conlon et al.,

1999).
PILOT STUDY

The responses to the questionnaire from
a healthy comparison group (n = 7) were
compared to those of a group of individuals
diagnosed with VS (n = 7) by psychologists
with recognised accreditations in Meares-
Irlen syndrome/VS diagnosis. The absence of
reading problems, VS symptoms, or any other
vision-related deficits in subjects included in
the comparison group was verified by way
of a pre-trial screening. All participants in
the study completed the questionnaire while
reading the same sample of text on standard

white paper under standard fluorescent
lighting.
The Mann-Whitney U tests revealed

statistically significant (p< .05) differences
on all six symptoms and the total discomfort
score for the questionnaire. For all seven
differences the median score for the VS
group was higher than that for the normal
comparison group. This was especially
evident for the total discomfort score (range =
0 - 30), with the VS-diagnosed group median
score (20.0) being notably higher than that
of the comparison group (6.0; p = 0.001).
These results thus provide some evidence for
the validity of the questionnaire in detecting
the symptoms of VS.

PROCEDURE
The study sample comprised 64
undergraduate nursing students at a

university in south-eastern Australia. All
subjects had volunteered to complete a
questionnaire while reading samples of text
in their regular lecture theatre. Participants
were provided with printed information and
were fully briefed on the research protocol
before signing an informed consent form.
The study was approved by the university’s
Human Research Ethics Committee and was
conducted in full accordance with the Code
of Ethics of the World Medical Association
(Declaration of Helsinki, 2008) for research
involving human subjects.

Participants rated levels of reading
discomfort under typical lecture-theatre
lighting [tri-phosphor  fluorescent lamps;
correlated  colour temperature  (CCT):

5,000K; controlling circuitry: 50 Hz magnetic
ballasts (100 Hz flicker-cycle)] while reading
text on standard white printing paper
[Reflex™ “Ultra White’; CIE whiteness (UV
inc): 160; fluorescence (A D65/10°): 25%;
opacity: 21%; density: 80 g/m?] and also on
coloured printing paper [Reflex™ ‘Sand’; CIE
whiteness: N/A (beige colour); fluorescence:
N/A; opacity: 92%; density: 80 g/m?]. The
luminance of each paper was measured with
a spot photometer (at a distance of 35cm)
and the difference in reflected lux-levels was
found to be <2% (however, photometers are
calibrated to have lower sensitivity in the blue-
violet bands). The subjects were randomly
divided into two similarly sized groups,
with each group assigned to complete the
visual discomfort questionnaire under one
of two illumination levels (600 lux, or 400
lux; window blinds drawn). All other reading
conditions remained identical for both
groups.

The two samples of text were positioned side
by side on each lecture-theatre desk, with left-
to-right positioning counter-balanced. This
enabled each participant to simultaneously
compare two identical reading samples (one
printed on standard white paper and the other
on beige-coloured paper) while recording
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symptom ratings with respect to both types of
paper on a single questionnaire. Each of the
two reading sample pages was stapled to a
further three blank pages (of identical paper)
to exclude possible effects due to desk-surface
colour (opacity of reading samples: > 90%).

The lecture-theatre walls were primarily white
in colour; thus any background-reflected light
was essentially neutral with respect to spectral
bias. The samples of text utilised were printed
in a standard font utilised in most academic
settings (Times New Roman; 12-point) and
were read from each participant’s accustomed
reading distance.

DATA ANALYSIS

The maijority of the data from the studies
was not normally distributed. Therefore, non-
parametric analysis was undertaken. The
Mann-Whitney U test was used to analyse the
results from the pilot study, and the Wilcoxon
signed-rank test was used to analyse the
data from the two main studies. All analysis
was conducted using two-tailed significance

values. Effect size (r) was interpreted using
Cohen'’s (1988) criteria of .1 = small effect,
.3 = medium effect, and .5 = large effect.

RESULTS

STUDY 1. The results for Study 1 (600 Lux) are
presented in Table 1. The median scores in
the white paper condition were greater than,
or equal to, the scores in the beige paper
condition for all six symptoms and the total visual
discomfort score. Six of these seven comparisons
reached statistical significance. The reduction
in symptom severity was statistically significant
for symptom one (p< .0005) with a large
effect size (r = .58), symptom two (p = .006)
with a medium effect size (r = .35), symptom
three (p = .004) with a medium effect size (r
= .37), symptom five (o = .021) with a small
effect size (r = .29), symptom six (p< .0005)
with a medium effect size (r = .48), and the
total visual discomfort score (p< .0005) with
a large effect size (r = .50). The reduction in
symptom severity was not statistically significant
for symptom four (p = .33).

Table 1
Wilcoxon Signed-Rank Test results for a comparison of Reading Discomfort Scores on Standard White and Beige
Coloured (Sand) paper under 600 Lux (n = 31).
Median score
White Beige VA
Symptom 1: Discomfort due to the brightness or glare of the page 2.0 0.0 -4.54*
Symptom 2: The further you read down the page, the more effort you 00 10 0 75+
require to take in each paragraph ' ' '

Symptom 3: Print distortions such as fuzziness, blurring, shimmering or

1.0 0.0 -2.88*
vibrating of print
Symptom 4: The bold-print appears to be slightly raised above the page, as 10 10 0.97
though typed with ‘thicker’ ink ' '
Symptom 5: Words appear to be surrounded by a ‘white halo’, or ‘white
0.0 0.0 -2.30*
blotches’ seem to run through the text

Symptom 6: Lose your place reading down the page and often start

: 2.0 0.0 -3.81*
reading the wrong line, or skip words and must re-read
Total visual discomfort score 9.0 3.0 -3.92*
Note: * p< .05




82 Stephen J. Loew, Nigel V. Marsh, Celestino Rodriguez-Pérez, Kenneth Watson & Graham L. Jones

A further implication of these findings
relates to the occurrence of VS symptoms
in a non-clinical sample of adult university
students who are competent readers. The
data obtained under the standard lecture-
theatre lighting (600 lux) indicated that levels
of reading discomfort present in the Study 1
group were considerable, with 13% of subjects
recording total visual discomfort scores =20
(M = 21.3; range = 20 - 23). Such scores
suggest clinical levels of VS symptomatology,
as they are indistinguishable from those of the
pilot study’s VS-diagnosed group (M = 21.7).
Further, the average total visual discomfort
score of these subjects was markedly lower
when reading in the beige paper condition (M
= 8.0; range = 4 - 11). As all participants in
the study were able-reading university students,
the above results support the propositions
that: (1) Reading efficacy may be impacted
by the wide-use of brilliant ultra-white paper,
which nowadays has become standard-issue
copy paper, and (2) Any resultant symptoms
of VS will likely be evident across the broader
community.

STUDY 2. The results for Study 2 (400 Lux)
are presented in Table 2. The median scores in
the white paper condition were greater than,
or equal to, the scores in the beige paper
condition for all six symptoms and the total
visual discomfort score. Three of these seven
comparisons reached statistical significance.
The reduction in symptom severity was
statistically significant for symptom four (p
= .033) with a medium effect size (r = .30),
symptom five (o= .011) with a medium effect
size (r = .36), and the total visual discomfort
score (p = .031) with a medium effect size (r
= .31). Reductions in symptom severity were
not statistically significant for symptom one (p
= .167), symptom two (p = .094), symptom
three (o = .072), and symptom six (p = .159).

These results also suggest that the amount
of illuminance (or brightness) of fluorescent
lighting is an important determinant of levels of
visual discomfort, as the group showed fewer
significant differences on all seven measures
(relative to Study 1) when comparing the
white and beige conditions under reduced
illumination (400 lux). Nonetheless, when

Table 2
Wilcoxon Signed-Rank Test results for a comparison of Reading Discomfort Scores on Standard White and Beige
Coloured (Sand) paper under 400 Lux (n = 25).
Median score
White Beige z
Symptom 1: Discomfort due to the brightness or glare of the page 1.0 0.0 -1.38
Symptom 2: The further you read down the page, the more effort you 10 10 1 68
requiire to take in each paragraph '
Symptom 3: Print distortions such as fuzziness, blurring, shimmering or 10 10 1 80
vibrating of print '
Symptom 4: The bold-print appears to be slightly raised above the page, as - 00 013
though typed with ‘thicker’ ink ' '
Symptom 5: Words appear to be surrounded by a ‘white halo’, or ‘white - 00 0 56+
blotches’ seem to run through the text ' '
Symptom 6: Lose your place reading down the page and often start 10 10 L
reading the wrong line, or skip words and must re-read ' ' '
Total visual discomfort score 6.0 2.0 -2.16*
Note: * p< .05
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reading in the beige paper condition, the
group’s discomfort scores revealed statistically
significant reductions for two of the six VS
symptoms and also in the total discomfort
score (Table 2). The incidences of high VS
symptomatology in some Study 2 participants
were also notable because, despite reduced
lighting, in the white paper condition 8.0%
of subjects recorded total visual discomfort
scores =20 (M = 22.0; range = 20 - 24).
In the beige paper condition however, as also
found in Study 1, none of the participants’ total
visual discomfort scores exceeded levels =14,

DISCUSSION

The context underlying this study is a
concern that the contemporary wide use of
fluorescent ultra-white paper in schools and
workplaces might be impacting reading by
adding to an overall trend towards brighter
illumination and visual media. The present
study measured levels of visual discomfort in
competent readers (university students) while
reading text on regular ultra-white paper, and
compared these to levels of discomfort while
reading from a less-bright (beige-coloured)
paper. The data obtained in Study 1 revealed
that visual discomfort levels differed significantly
between the two reading conditions, with
greater discomfort reported when reading from
ultra-white paper.

In comparison to the white paper condition,
when reading from beige-coloured paper
under identical illumination (600 Ilux) the
group’s scores showed statistically significant
decreases in the discomfort levels on five of
the six symptoms assessed. The group’s total
visual discomfort score was also significantly
less in the beige paper condition. It was
particularly noteworthy that these reductions
in visual discomfort were not due to reduced
reflected light from the beige paper, as
photometric measurements had shown that the
two paper types did not differ significantly in
luminance levels. It was also of note that the
three symptoms most significantly alleviated
were also the three symptoms that are perhaps
most likely to lead to reading errors, and were:
Symptom 1, Discomfort due to the brightness or

glare of the page; Symptom 3, Print distortions,
such as fuzziness, blurring, shimmering or
vibrating of print; and Symptom 6, Lose your
place while reading down the page and often
start reading the wrong line, or skip words and
must re-read.

However, as both fluorescent lighting and
over-illumination in general have been reported
as being contributing factors in relation to
visual discomfort, headaches, migraine (Rea,
1982, 1983; Westland, Pan, & Lee, 2017), as
well as reading difficulties (Loew et al., 2014;
Robinson, 1994), Study 2 examined differences
between reading from ultra-white paper
and beige paper under dimmer illumination
levels (400 lux). The purpose of Study 2 was
to separate, to some extent, the effects of
fluorescent lighting from those of fluorescent
ultra-white paper, by decreasing the former
while maintaining the latter.

The findings relating to the total visual
discomfort scores from both studies suggest
a coherent pattern with respect to the two
different lighting levels. For example, in the
white paper condition, the incidences of
total visual discomfort scores indicating high
discomfort (= 20) and moderate discomfort
(10 - 19) showed the following parallel trends
in relation to lux levels and visual discomfort,
with each being in the expected direction: For
600 lux 13% of subjects scored =20 and a
further 36% scored 10 - 19 (total = 48%), and
for 400 lux 8% of subjects scored =20 and a
further 16% scored 10 - 19 (total = 24%).

Similarly, the data obtained from both
of the studies showed that the use of beige
paper alleviated various symptoms of visual
discomfort, yet the degree of benefit appeared
to be largely dependent upon the brightness
of the illumination. Perhaps this should not
be unexpected, as the fluorescing agents in
today’s white paper require a UV-emitting
light source (i.e., fluorescent lighting) in order
to re-emit additional visible light by means of
fluorescence. Thus, any potential effects of
fluorescent ultra-white paper will inherently
be amplified by extra fluorescent lamps, and
likewise, any effects of fluorescent lighting on
reading will likely be amplified if the text is
printed on fluorescent white paper.
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Despite the small sample sizes, the results
presented here provide further evidence that
the trend towards increased (and brighter)
fluorescent lighting has become a key
ergonomics-related factor that may actually
reduce visual and reading comfort, and thus
make reading a more arduous task for many
individuals. These results further suggest that
the less well known fluorescence of modern-
day printing paper has similar detrimental
effects on reading comfort and is likely to
compound the negative impact of the relatively
recent use of increasingly brighter (i.e., bluer)
forms of fluorescent lighting.

Following on from the current results, a
longitudinal study of illumination-induced
symptoms of visual discomfort in cohorts
of undergraduate nurses as they enter the
intensely illuminated hospital workplace would
be useful. This is particularly so as these future
medical professionals will be working in high-
stress settings where rapid and accurate reading
is crucial, and in which long hours, shift-work
and fatigue are the norm. Given the well-
documented high incidence of preventable
medical errors in hospitals around the world,
with many being due to basic communication
errors among health professionals (Makary
& Daniel, 2016; Runcima, 2002), this could
be a critically important area of investigation.
Follow-up studies involving larger participant
samples may also be useful and especially if
these incorporated objective measures of VS
symptomatology such as performance-based
tests assessing changes in reading efficiency.
These findings could be further substantiated
using portable eye-tracking technology, which
has recently shown that spectral-filtering can
produce large and significant improvements
in reading efficacy (Guimareas, Vilhena,
Loew, & Guimareas, 2020). Future research
in this area and broader-ranging studies may
not only have vital implications for education
and healthcare delivery, but may also have
the potential to resolve the decades-long
contention surrounding VS symptomatology,
its diagnosis, and its treatment.
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