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Abstract

Purpose: To develop a series of equivalent passages of text in Italian, according to
the principles of the Wilkins Rate of Reading Test (WRRT), suitable for both clinical
examination and scientific research when equivalent stimuli are needed to com-
pare performance in repeated-measure designs.

Method: Fifteen high-frequency Italian words (matched for grammatical class and
length to the English WRRT) were used to generate 15 different 10-line meaning-
less passages, according to the design principles of the English WRRT. Thirty-two
healthy Italian-speaking higher education students read the passages aloud ac-
cording to a fixed randomisation schedule. Performance was recorded digitally to
measure reading speed and accuracy offline. Equivalence between the passages
and the practice and fatigue effects for both reading speed and accuracy were
examined as well as test-retest reliability.

Results: No significant difference in reading speed and accuracy was found be-
tween the passages. There was a significant practice effect on reading speed but
not accuracy, with the first presented passage read significantly slower than the
others. There was no evidence of a fatigue effect. Reading speed, the reference
metric for the WRRT, showed good test-retest reliability.

Conclusions: The passages of the Italian version of the WRRT were equivalent
to each other. The practice effect suggests that familiarisation with the test (i.e.,
reading at least one matrix of words) should be carried out before consecutive/
repeated reading of different passages for experimental or clinical purposes.
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INTRODUCTION

The Rate of Reading Test (RRT), most commonly known as
the Wilkins RRT (WRRT) from the name of its designer, has
been developed and used in the field of optometry to as-
sess visual performance in a reading-like task.' The test is
designed to be visually demanding but requires only very
basic reading skills, so performance is minimally affected

by language skills. Therefore, the test is useful to study the
effect of visual factors and interventions on reading.

The original test comprised two separate passages,’ soon
replaced with four,® with each made up of 10 lines. Each line
was formed by the same 15 words arranged in a pseudo-
random order.> Wilkins used sequences of unrelated words
to isolate visual input to reading with minimal requirements
for higher cognitive processing related to characteristics of
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language such as syntax or semantics. Typically, the user
undertakes the test four times (each time with a different
passage), twice with the intervention under investigation (A)
and twice with no intervention or with a control interven-
tion (B) in the order ABBA. Each passage is scored as words
correctly read per minute (wpm) and the two scores with the
intervention are averaged and compared to the mean of the
two scores without the intervention.

In the recent study by Gilchrist,’ the reading speed with
the WRRT for English readers was quicker in adults (average
of 159 and 184 wpm in the two samples of adults analysed)
thanin children (average of 95 and 111 wpm in the two sam-
ples of children analysed) with a precision (within-subjects
standard deviation [SD], s,) that varied from 3.8wpm to
11.5wpm among the samples of different ages. Moreover,
WRRT showed a very high test-retest reliability with an in-
traclass correlation coefficient or Pearson correlation coef-
ficient between the first and second tests >0.80.°7®

Wilkins' website (https:/www1.essex.ac.uk/psychology/
overlays/rrt%200C4.htm) provides the test in other lan-
guages (German, ltalian, Portuguese and Arabic), and the
authors are aware of additional non-English versions by
researchers in other countries/languages, including British
Sign Language,” modern Hebrew, Norwegian and Dutch.
However, a PubMed search reveals a validation study of
only one non-English version, namely Kannada.'® Although
other non-English versions have been used in studies'""
to evaluate the effect of coloured overlays on reading per-
formance, their psychometric properties do not appear to
have been investigated further.

Therefore, theauthors FZ, ST, MP and MDL developed anew
Italian version of the WRRT as part of a suite of psychophysical
and psychometric tools to evaluate reading performance in
clinical practice and research™" such as the MNREAD charts,”
the Radner test'® and the NAVQ questionnaire."”

Wilkins (personal communication) has highlighted that
versions of WRRT in different languages should not be a
direct translation, but a transliteration whereby common
words, preferably those that are monosyllabic and within
the 100 most frequently used words in that language are
presented in random order, with the constraint that two
identical words do not appear one above the other on
neighbouring lines, and that the last word in each line differs
from the first word in the next line. The first Italian version
of the WRRT (https://www1.essex.ac.uk/psychology/overl
ays/rrt%200C4.htm) comprises two passages on separate
pages. This version uses longer words than the English one,
both in terms of characters per word and syllables per word
(e.g., 53% of the words chosen for the Italian version are five-
or six-letter disyllabic words, whereas in the English version,
there were no five- or six-letter words, and all words had one
syllable). Therefore, compared with the English version, the
first Italian version has longer lines (62 instead of 44 charac-
ters, excluding blanks), potentially adding visual complexity
that has not been addressed formally.

The aim of the present study was to develop and vali-
date a new series of equivalent WRRT passages in Italian,

Key points

« The Wilkins Rate of Reading Test (WRRT) meas-
ures the effect of visual factors on reading; there-
fore, several versions of the test could be useful
in optometry, education or neuropsychology
when repeated measurements are required.

- A significant practice effect limited to the first
passage was found. In case of repeated testing,
it is important to allow practice with one pas-
sage before starting measurements.

« The large number (15) of parallel versions of this
Italian WRRT was shown to be equivalent to one
another and have good test-retest reliability.

according to the main principles of the WRRT.? It was de-
cided to create 15 different passages of text, which is far
more than the usual four that are used clinically. This is
to facilitate repeated-measure designs, when clinical ex-
amination or scientific research requires measuring per-
formance under multiple different conditions or many
successive repetitions of the same condition (e.g., in the
fields of optometry, education or psychology).

Along with equivalence between the passages, the ef-
fects of practice and fatigue were examined. Like the original
English version, reading speed and accuracy were not meant
to examine conventional reading skills, but to evaluate per-
formance in clinical or experimental tasks (e.g., to compare
in a within-subject design different optical corrections, co-
loured filters, etc.). The equivalent passages can also be con-
veniently adopted in the field of neuropsychology, when it
is necessary to collect measurements of many successive
repetitions of the same condition or measure the effect of
multiple visual-perceptual manipulations (e.g., when study-
ing the reading process in patients with visual field defects
or attentional deficits) on performance in a reading-like task.

The present study was intended to make available an
Italian series of WRRT passages that were equivalent, and
to investigate practice and fatigue effects in a sample of
healthy young volunteers.

METHODS
Development of the Italian WRRT passages

Fifteen Italian words were chosen with characteristics of
length (four 2-letter, eight 3-letter and three 4-letter words),
and grammar class (one adverb, one conjunction, one defi-
nite article, two pronouns, two nouns, three prepositions
and five verbs), consistent with the WRRT. The 15 words
were high-frequency words belonging to the so-called
fundamental words of the Italian language.'® There were
nine monosyllabic and six disyllabic words. The words were
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di [of], ha [has], si [third person reflexive pronoun, used in
reflexive verbs], la [the], amo [l love], che [that/which], con
[with], era [was], fai [do], non [not], per [for], una [one], anno
[year], sono [am/are] and uomo [man].

In the English WRRT,? a passage of the test consists of 10
lines, with 15 words ordered differently on each line. Rules
were applied so that each word occurred only onceinaline
and once in a column, and the last word in a line was dif-
ferent from the first word in the next line. Since the aim of
the present study was to make available a ready-to-print
set of many equivalent passages, a total of 15 passages (la-
belled with consecutive letters of the alphabet from A to
O) were developed following the rules described above.
Across passages, an additional rule was introduced, so that
a given sequence of 15 words appeared only once in a line.
Finally, every line of 15 words was individually checked to
avoid the casual presence of syntactic or semantic associ-
ations between words: in case of such an occurrence, the
line was changed.

The typeset adhered to the typographic specifications
of Wilkins,>® that is Times New Roman 9-point font, single-
spaced lines with 4-point horizontal spacing between
words with an interline space of 3.15mm. The final layout
of the passage was set as a paragraph 72.5mm wide and
33.4mm high. Each of the 15 passages was arranged in a
separate page of a Microsoft Word file (Microsoft.com) and
printed at 1200 dpi resolution.

Pilot study

Twenty-four children attending the beginning of second
grade (mean age=7.7years, SD=0.3, range=7.2-8.4) par-
ticipated in a brief pilot study designed to verify that the
set of words proposed to make up the final passages could
easily be read by individuals at an early stage of formal
education. Participation of the children was approved by
their parents who provided written informed consent. The
children read the 15 words aloud (see the next paragraph)
presented one at a time on the liquid-crystal display (LCD)
monitor of a computer through Microsoft Powerpoint
(Microsoft.com). The words were presented in Times New
Roman, 80-point font, chosen to be supra-threshold to
avoid any visual problem (an x-height of 1.3cm at a view-
ing distance of 40cm, or equivalent to about 1.35 log-
MAR). None of the children made outright reading errors.
Only two children hesitated as they pronounced the word
‘uomo’ (man) (i.e., they made a brief silent pause after hav-
ing pronounced the first vowel). All the children reported
there were no unfamiliar words and showed understand-
ing of their meanings.

Participants

Participants of the main study were recruited from students
of the University of Milano-Bicocca (Milan) according to the

following inclusion criteria: no ocular pathology; no known
reading impairment; monocular best-corrected distance
visual acuity (BCVA) at distance <0.10 logMAR in each eye;
no significant ocular motility or binocular vision anomalies
(including strabismus); near point of convergence <10cm;
stereoscopic acuity <80arcsec; binocular amplitude of ac-
commodation =8D and binocular accommodative facility
with £2.00D lenses =5 cpm. These inclusion criteria were
selected to exclude participants whose visual status could
make them prone to fatigue, since a goal of the study was
to investigate the effect of normal fatigue on performance
with the WRRT. All volunteers provided written informed
consent.

Thirty-two participants (18 males and 14 females; mean
age=229years, SD=1.8, range=20.1-27.2; mean number
of years of formal education=15.7years, SD=0.9, range
14-17 years) participated in the study. All were invited to
return for retesting after 2weeks and 19 subjects agreed
(8 males and 11 females; mean age=22.9years, SD=1.9,
range=20.1-26.5; mean number of years of formal educa-
tion=15.8years, SD=0.9, range 14-17 years).

The chosen sample size complied with the need to
verify the difference between the means of two repeated
measures (test-retest) of reading speed (wpm). G*Power
software (gpower.hhu.de/) was used to determine the
sample size. The analysis was based on matched pairs t-test
(two-sided). An effect size of 0.76 was calculated for a dif-
ference between two measurements of 10 wpm (which is a
significant clinical difference) considering means, SDs and
a correlation between repeated measures already available
from our laboratory. Using an a error and 1 - (power) of
0.05 and 0.80, respectively, the required sample size was
N=18.

Procedure

All procedures were undertaken in accordance with the
Declaration of Helsinki and approved by the Board of
Optics and Optometry of the University of Milano-Bicocca
(9 September 2019).

Visual assessment

A comprehensive eye and visual examination was per-
formed on each participant at the Research Centre in
Optics and Optometry at the University of Milano Bicocca.
Direct ophthalmoscopy and slit-lamp biomicroscopy were
carried out to detect any ocular anomaly. Monocular non-
cycloplegic subjective refraction was undertaken with a
phoropter procedure, followed by a final binocular equali-
sation with dissociated testing to obtain the least minus/
most plus correction compatible with good visual acuity.
High-contrast monocular BCVA was measured at 5m
using Sloan letters displayed in five-letter lines with the size
decreasing logarithmically according to the principle of the
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ETDRS chart. Letters were displayed on an LCD optotype
system (Vision Chart, CSO; csoitalia.it/) at high-contrast
(97.8£0.2%), when measured with a photometer (Chroma
Meter CS-100A, Minolta; konicaminolta.eu/eu-en/navig
ation/featured-business-areas/measuring-instruments)
under photopic conditions (450+501lux, measured by a
luxmeter HT307, HT Italia; ht-instruments.it/it-it/). A forced-
choice procedure and a letter-by-letter (0.02 logMAR) scor-
ing criteria were used to assess the threshold in logMAR
units. Ocular motility was examined using an H pattern
test.

The tests described below were all undertaken with the
distance subjective refraction placed before the eyes in a
trial frame. Binocular amplitude of accommodation was
measured by the Donders' push-up method using a Royal
Air Force rule (Bernell Corporation; bernell.com) and N5
stimulus, moved at constant rate of approximately 1cm/s,
starting from 30cm.” The target positions representing
both first blur and total blur were recorded. In addition,
binocular accommodation facility at 40cm with +2.00D
lenses was tested for 60s. A Bernell n.9 vectogram (berne
Il.com) was used to check for suppression, and participants
were asked to report when the 6/9 target appeared clear.
The near point of convergence test was performed by
slowly moving an accommodative target (a single letter of
approximately 0.2 logMAR equivalent at 40cm) towards
the eyes until the subject either reported diplopia or the
examiner noticed a break in fusion; the recovery position
was also assessed. Stereoacuity was measured at 40cm
with the Wirt circles of the FLY Stereo Acuity Test (Vision
Assessment Corporation; visionassessment.com/). The vi-
sual assessment was undertaken in a separate session/day
before the reading session.

Wilkins Rate of Reading Test

Each page containing a single passage was displayed
on a reading desk at a viewing distance of 40cm (lay-
out characteristics of the passage are described above).
Participants read the passages under photopic conditions
(550+ 50 lux, measured by the HT307 luxmeter) with an
average luminance of the paper surface (eight measure-
ments around the text) of 135+ 11 cd/m? (Chroma meter
CS 100 A; Minolta; konicaminolta.eu/eu-en/navigation/
featured-business-areas/measuring-instruments). All par-
ticipants who normally used a refractive correction (spec-
tacles or contact lenses) for their academic work wore this
correction during the reading session (21 out of 32); oth-
erwise, no refractive correction was provided. The differ-
ence between the habitual and the subjective correction
evaluated during the visual assessment was nil in 11 cases
and negligible in the remaining 10 cases, that is, unlikely
to interfere with the reading task (see the Results section
for details). In the remaining 11 participants with no ha-
bitual correction, the reading task was performed with-
out optical correction because seven were emmetropic,

and the remaining four had only a negligible subjective
correction.

Participants were asked to read the entire passage
aloud as quickly and accurately as possible. An interval of
1 min was allowed between passages. The reading was re-
corded digitally. The order of the passages from A to O was
randomised across participants using six different reading
sequences.

Reading speed (wpm) based on words correctly read,
and accuracy (percentage of reading errors) were moni-
tored during the experiment and measured offline by re-
playing the recordings afterwards.

Reading errors were scored as word substitution (re-
placing the word with another) or word omission (skipping
of a word), omitting an entire line (scored as one error),
insertions (repeating the previously uttered word or in-
serting another word) and production of a non-word (a
pronounceable string of letters that is not in the lexicon).
All the tests and retests were carried out in the same way
following detailed written instructions which were read to
the participants. For each participant, test and retest were
carried out by the same examiner, who was masked to the
results of the first test.

Data analysis

Data analysis was carried out using SPSS software (ibm.
com). Descriptive statistics were used to illustrate the de-
mographic characteristics of the participants, the results of
the visual assessment and the reading performance, that is
reading speed (wpm) and reading accuracy (percentage of
errors) averaged separately for each passage from A to O.

The Shapiro-Wilk normality test was used to determine
if reading speed and accuracy followed a normal distribu-
tion. ANOVA was used for normally distributed variables
whereas the Friedman test was used for non-parametric
analyses. Repeated-measures analyses were run to (1) ex-
amine the equivalence between the 15 passages (from A to
O) and (2) investigate any practice and fatigue effects that
may have been due to the order of the readings. Bonferroni
and Dunn-Bonferroni corrections were used to correct for
multiple comparisons, for parametric and non-parametric
post-hoc analyses, respectively. Test-retest reliability was
evaluated for each of the 15 passages (from A to O) by the
intraclass correlation coefficient (ICC) based on single mea-
sure, consistency type and two-way mixed effects model, %
and 95% confidence intervals (Cls) were calculated. A com-
parison between test and retest for reading speed and
accuracy was performed by a matched-pairs test (t-test,
or Wilcoxon depending on the normality of the data distri-
bution). Bland-Altman plots were used to assess the differ-
ence in test-retest measurements as a function of the mean
of the two measurements.?' The presence of a proportional
bias in the Bland-Altman plots was explored by examining
the correlation between the average and the difference be-
tween the two measurements (i.e., test and retest).
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RESULTS
Visual assessment

For all participants, the average difference between ha-
bitual correction and the subjective correction assessed by
the procedure described in the ‘Visual Assessment’ para-
graph was negligible; the spherical equivalent refractive

TABLE 1 Visual assessment.

Variable Mean sD Min Max

OD SER (D) of subjective -1.93 2.13 -5.75 1.25
refraction

OS SER (D) of subjective -1.93 2.12 -6.50 1.00
refraction

OD BCVA (logMAR) -0.10 0.07 -0.26 0.00

OS BCVA (logMAR) —-0.08 0.07 -0.24 -0.24

NPC break (cm) 5.6 3.5 0.0 10.0

NPC recovery (cm) 8.5 4.1 2.0 15.0

NPA first blur (D) 12.9 4.1 74 25.0

NPA total blur (D) 211 6.9 10.0 333

Accommodation facility 10.5 4.6 5.0 21.0
(cycles per min)

Stereoacuity (arcsec) 225 4.3 20 40

Note: Main optometric characteristics of participants.

Abbreviations: Arcsec, arc seconds; BCVA, best corrected visual acuity; D,
dioptres; logMAR, logarithm of the minimum angle of resolution; NPA, near point
of accommodation; NPC, near point of convergence; OD, right eye; OS, left eye;
SD, standard deviation; SER, spherical equivalent refraction.

TABLE 2 Equivalence between the passages.

Reading speed (wpm)
Passage
name Mean sD Min Max

168.2 24.7 123.5 221.2
B 168.1 22.3 119.5 217.2
C 169.0 233 117.6 217.7
D 169.7 21.6 115.2 207.7
E 167.2 22.7 120.5 214.8
E 165.6 25.0 113.3 217.8
G 169.1 27.3 119.5 232.5
H 164.9 22.8 125.0 205.9
| 169.6 25.1 125.1 217.3
J 165.7 25.0 114.0 2235
K 168.2 24.6 122.5 220.3
L 166.8 224 118.2 214.2
M 165.7 25.2 115.5 220.7
N 165.2 241 116.0 223.1
0] 166.6 27.5 118.1 236.8

error was slightly more negative when measured subjec-
tively when compared with the habitual correction (-0.15
and —0.12D in the right and left eyes, respectively; range
—0.75 to +0.13D). The optometric profile of participants
evaluated in the visual assessment procedure all showed
acceptable visual function in terms of visual acuity, accom-
modation and binocular vision. Descriptive statistics for
the main optometric variables are provided in Table 1.

Reading speed and accuracy
Equivalence between the different passages

Descriptive statistics are reported in Table 2. Figure 1 il-
lustrates reading speed and accuracy for the 15 passages.
Reading speed was normally distributed for all of the pas-
sages (Shapiro-Wilk test: p > 0.05). Reading accuracy was
not normally distributed (Shapiro-Wilk test: all p,<0.05).
The repeated-measures ANOVA did not show any sig-
nificant difference in reading speed between the 15
passages (F (1, 14)=0.90; p=0.53). Regarding reading ac-
curacy, the Friedman test did not show any significant dif-
ference between the various passages (r=12.1, p=0.60).
Passage F showed a high mean and SD for reading accu-
racy because a single participant made many repetitions
and inversions of words during his first attempt. The error
rate of this participant decreased after the first reading.
Overall, the passages were read at an average speed be-
tween 165 and 170 wpm, with an error rate between 2.1%
and 3.0%.

Accuracy (percentage of errors)

Mean Median sD Min Max
2.7 2.3 2.5 0 13.3
29 2.3 24 0 8.5
2.2 2.0 1.6 0 6.8
2.7 2.0 23 0 8.5
2.8 2.3 19 0 7.3
3.0 2.0 3.7 0 19.8
2.2 1.7 1.7 0 54
2.5 2.3 1.8 0 7.7
2.3 2.0 1.8 0 5.8
2.2 1.3 1.8 0 6.7
24 1.7 2.2 0 7.7
2.4 2.0 2.2 0 9.8
2.8 2.3 2.2 0 7.7
2.1 1.3 2.0 0 8.2
2.3 2.3 1.9 0 8.2

Note: Mean, standard deviation (SD) and range of reading speed and accuracy for the 15 passages (A-0).

Abbreviation: wpm, words per minute.
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FIGURE 1

(b) Passages from Ato O
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Accuracy (% of error)
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Passage name

Equivalence between the passages. Mean (error bars, standard deviation) of (a) reading speed (words per minute, wpm) and (b)

accuracy (% of error) for the 15 passages read by the complete sample (N=32).

TABLE 3 Practice and fatigue effects.
Reading speed (wpm) Accuracy (percentage of errors)

Reading order Mean sD Min Max Mean Median SD Min Max
First reading 155.2 24.2 113.3 2233 39 2.7 4.2 0 19.8
Second reading 166.9 23.3 119.5 217.3 3.0 2.2 2.2 0 8.2
Third reading 166.3 239 125.0 220.7 2.6 2.7 1.5 0 6.8
Fourth reading 167.6 22.7 125.1 217.2 2.1 1.3 1.9 0 8.1

Fifth reading 169.0 24.3 114.0 217.8 2.3 1.5 1.8 0.3 73
Sixth reading 169.6 22.5 122.5 223.5 2.7 2.3 1.8 0 6.8
Seventh reading 170.1 23.5 118.2 2231 24 2.0 1.7 0 6.8
Eighth reading 167.1 22.6 122.6 218.4 29 2.5 2.1 0 7.7
Ninth reading 168.1 251 116.0 232.5 2.3 1.8 2.1 0 8.5
Tenth reading 171.1 27.0 118.1 220.3 2.0 1.8 1.6 0 5.7
Eleventh reading 169.0 22.4 125.5 236.8 1.9 1.8 1.7 0 7.0
Twelfth reading 167.2 24.2 119.5 210.9 24 2.0 2.2 0 9.8
Thirteenth reading 166.3 25.0 115.5 215.2 21 1.3 2.1 0 7.7
Fourteenth reading  168.5 24.6 115.2 214.2 24 1.5 24 0 8.5
Fifteenth reading 167.7 254 120.5 221.2 2.6 2.3 1.7 0 8.2

Note: Mean, standard deviation (SD) and range of reading speed (words per minute, wpm) and accuracy for the readings, from the first to the fifteenth. Data are averaged

separately by the presentation order of the passages.

Practice and fatigue effects

Descriptive statistics are reported in Table 3. Figure 2
shows reading speed and accuracy as a function of the
reading order. Reading speed data based on reading order
were normally distributed for all readings (Shapiro-Wilk
test: p>0.05) whereas reading accuracy was not normally
distributed in 14 out of the 15 passages (Shapiro-Wilk test:
all p,<0.05 except one, requiring non-parametric analysis).
The repeated-measures ANOVA was significant for reading
speed (F (1, 14)=4.95; p < 0.001) indicating an effect of pres-
entation order. Regarding reading accuracy, the Friedman
ANOVA showed a significant difference between the read-
ings (r=33.3; p=0.003).

Post-hoc testing (t-tests, two-tailed) for reading speed
showed that the first reading was significantly slower than

the subsequent 14 passages (all p values <0.001). All other
paired comparisons (including those involving the last
readings for the detection of fatigue effects) were not sig-
nificant (p > 0.05), except for the 10th versus 13th and 10th
versus 15th (p <0.05). After Bonferroni correction for mul-
tiple comparisons (alpha lowered to 0.0005), the first read-
ing showed a significantly slower rate than 12 out of the
other 14 passages (the 12th and 13th did not differ signifi-
cantly from the first after correction). The mean difference
between the first passage presented and all subsequent
ones was about 13wpm. There were no other significant
differences in reading speed between pairs. The mean dif-
ference between readings for all other presentations was
approximately 1.7 wpm. The mean reading speed (exclud-
ing the first reading) was 168.2 wpm. Concerning reading
accuracy, though the first reading was less accurate than
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the 15 passages of the Italian Wilkins Rate of Reading Test read by the sub-sample of 19 participants.

the following ones (see Table 3 and Figure 2), post-hoc
testing with Dunn-Bonferroni correction for multiple
comparisons did not detect any significant difference as
a function of the reading order. The mean accuracy was
more than 97%.

Test-retest reliability

Nineteen subjects (8 males and 11 females; mean
age=229years, SD=1.9, range =20.1-26.5; mean years of
formal education=15.8years, SD=0.9, range 14-17 years)
were retested 2weeks after the first session. The results
for reading speed and accuracy as a function of the 15 pas-
sages are shown in Figure 3 for test and retest as well as in
Table 4, where the ICCs for reading speed and accuracy and
statistical comparisons (paired tests) are provided.

The general trend in retest was a better performance for
both reading speed and accuracy, as seen in 6 and 3 out of
15 for reading speed and accuracy, respectively; albeit with
very few statistically significant differences. The ICC for
reading speed (wpm), which is the usual test metric of the
WRRT, was acceptable for all of the passages (0.67-0.90).

No Bland-Altman plots of the test-retest measure-
ments of reading speed for the passages (A—0O) showed any

proportional bias (Figure 4 shows the Bland-Altman plot
for the reading speed of passage C as an example). Table 5
shows the mean differences between the test and retest,
the limits of agreement (LoAs) calculated as the mean
difference £ 1.96 x SD of the difference and the Cls for the
LoAs, as well as the correlation coefficients between the
test-retest means. The absence of any proportional bias in
the Bland-Altman plots is consistent with the correlation
coefficients reported in Table 5, which were not significant
forany of the passages. As for accuracy, Bland-Altman plots
of the test-retest measurements did not show any propor-
tional bias, consistent with non-significant correlations for
13 out of the 15 passages. The two significant correlations
(passages B and O) indicate that for these two passages,
the greater the percentage of errors (mean test-retest)
the greater the percentage of errors at retest compared
to the test (i.e., when the correlation was positive, greater
accuracy values of the test-retest mean corresponded to
a greater percentage of errors at the retest than the test).

DISCUSSION

The visual skills required for the dynamic task of read-
ing involve many visual functions, including visual acuity,
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TABLE 4 Test-retest (N=19).

Reading speed (words per minute)

Accuracy (percentage of errors)

Comparison Comparison
Passage Test Retest ICC (p-value of Test Retest ICC (p-value of
name Mean+*SD Mean+SD (95%Cl) paired t-test)y Mean+SD Mean+SD (95% Cl) Wilcoxon)
A 168.0£269 175.3+214  0.67***(0.32-0.86) n.s 2.7+3.0 24+27 0.80%*** (0.53-0.92) n.s
B 167.6+24.1 178.0+£22.3  0.75*** (0.45-0.89) p<0.05 3.3+2.8 1.6+1.6 0.40* (-0.06-0.72) p<0.01
C 167.6+24.7 172.6+£24.5 0.90***(0.77-0.96) n.s 24+1.8 2.2+18 0.25(-0.22-0.62) n.s
D 1673+22.5 175.8+23.6  0.87***(0.69-0.95) p<0.01 3.0+2.3 26+2.2 0.47* (0.04-0.76) n.s
E 166.1+239 175.0+21.8  0.83***(0.61-0.93) p<0.05 3.2+2.0 23+15 0.53**(0.12-0.79) p<0.05
P 165.7+26.2 175.0£21.4  0.87***(0.68-0.95) p<0.01 3.2+43 1.6+1.8 0.12 (-0.34-0.54) ns
G 169.7+24.4 176.6+22.3  0.77***(0.50-0.91) n.s 25%19 19+1.5 0.47* (0.03-0.76) n.s
H 166.2+22.0 176.4+22.1 0.83*** (0.62-0.93) p<0.01 25+1.5 2.2+1.6 0.48* (0.05-0.76) n.s
I 170.3+244 176.4+24.8 0.80***(0.55-0.92) n.s 24%1.6 26+19 0.20 (=0.27-0.59) n.s
J 166.4+£22.0 1724+259  0.68***(0.33-0.86) n.s 21+1.5 2.0+1.5 0.27 (-0.19-0.64) n.s
K 169.6+252 174.0+22.4  0.87***(0.69-0.95) n.s 2117 1.8+1.7 0.08 (-0.37-0.51) n.s
L 166.4+22.7 1709+25.0 0.86*** (0.68-0.95) n.s 25+23 21£1.5 0.57**(0.17-0.81) n.s
M 1674+26.6  169.6+24.3  0.82***(0.58-0.93) n.s 27+24 23+1.7 0.20(-0.27-0.59) n.s
N 163.6£25.6 168.4+£229  0.84***(0.63-0.94) n.s 2.2+21 2015 0.32 (-0.15-0.67) n.s
O 167.6+27.3 175.8£24.3  0.86***(0.67-0.94) p<0.05 27%23 1.5+1.6 0.64** (0.27-0.84) p<0.01

Note: Descriptive statistics of reading performance (speed and accuracy), Intraclass correlation coefficient (ICC) between test and retest measures for the 15 passages (A-O)
calculated with two-way mixed effects model, consistency, single measures (*p <0.05; **p <0.01; ***p <0.001), and p-values of paired comparison between test and retest.

Abbreviation: SD, standard deviation.
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FIGURE 4 Example of Bland-Altman plot for the test-retest for one out of the 15 passages (passage C). The limits of agreement were calculated
as d, £ 1.96SD 4. wpm, words per minute.

binocular co-ordination, ocular accommodation and eye
movement control. The WRRT is designed to be sensitive
to visual factors while requiring minimal language skills.
The potential for several parallel versions of the test makes
it particularly amenable to investigating the effect of opto-
metric interventions. Therefore, it is not surprising that the
test has been used in a variety of research topics, including
visual stress, refractive corrections, head tilt, low-powered

addition lenses, prismatic corrections, dry eye and low-
dose atropine.?>™°

As noted in the Introduction, when versions are created
in different languages, these should be transliterations
rather than translations. The Italian version of the WRRT
created for this study, like the English version, uses sim-
ple commonly encountered words. This version contains
more two-syllable words than the English WRRT, but fewer
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TABLE 5 Test-retest findings (N=19).

Reading speed (wpm) Accuracy (percentage of errors)
Passage Mean difference (LoA 95%) [Cl for LoA: Pearson correlation  Mean difference (LoA 95%) [CI for Spearman correlation
name outer limits; inner limits] coefficientr; p-value LoA: outer limits; inner limits] coefficientr; p-value
A 7.3 (-31.7-46.2) [-52.1-66.7; —22.7 - 37.3] —-0.30; n.s. —0.3(-3.9-3.3) [-7.1-6.5; 2.8 - 2.2] —0.04; n.s.
B 10.4 (—22.1-42.8) [-38.9-59.7; —14.5 - 35.3] —0.12; n.s. -1.7 (-6.7-3.2) [-11.1-7.7; =5.2 - 1.8] —0.55; p<0.05
C 4.9 (-16.2-26.1) [-27.3-37.1; -11.4 - 21.2] —0.02; n.s. —0.2 (—4.5-4.1) [-8.4-8.1, -3.3 - 2.9] —0.04; n.s.
D 8.5 (—14.6-31.6) [-26.7-43.7; —9.3 - 26.3] 0.09; n.s. —0.3 (—4.9-4.2) [-9.0-8.4; -3.5-2.9] —0.03; n.s.
E 8.9 (-17.4-35.2) [-31.1-48.9; —11.3 - 29.1] -0.16; n.s. —0.9(-4.2-2.3) [-7.3-5.5; -3.3 - 1.5] -0.17; n.s.
F 9.2 (-15.2-33.6) [-27.8-46.2; -9.5 - 27.9] —0.40; n.s. -1.6 (-10.1-7.0) [-18.2-15.0; =7.7 - 4.5]  —-0.12; n.s.
G 6.8 (—24.0-37.6) [-40.1-53.7; -16.9 - 30.5] —-0.14; n.s. —0.6 (—4.0-2.8) [-7.4-6.2; -3.1 - 1.9] -0.24; n.s.
H 10.2 (-14.8-35.1) [-27.7-48.1; —9.0 - 29.7] 0.01; n.s. —0.4 (-3.4-2.7) [-6.4-5.6; —2.6 — 1.8] 0.05; n.s.
I 6.1 (—24.6-36.8) [-40.8-53.0; —17.6 - 29.8] 0.03; n.s. 0.1 (-4.2-4.5) [-8.2-8.4; 3.0 - 3.2] 0.01;n.s.
J 5.9 (—32.0-43.9) [-52.0-63.8; —23.4 - 35.2] 0.22;n.s. —0.2 (-3.7-3.4) [-7.0-6.6; —2.7 - 2.3] 0.20; n.s.
K 4.4 (-19.6-28.4) [-32.0-40.8; -14.0 - 22.8] —0.24;n.s. —0.2 (—4.8-4.3) [-8.9-8.5; -3.4 - 3.0] —0.15; n.s.
L 4.5 (-20.0-29.0) [-32.8-41.8; —14.4 - 23.4] 0.19; n.s. —0.4(-3.8-3.1) [-7.2-6.4; -2.9 - 2.1] —-0.24; n.s.
M 2.2 (-28.0-32.5) [-43.8-48.2; -21.0-25.4] -0.16;n.s. —0.4 (-5.5-4.6) [-10.2-9.4; —4.0 - 3.2] -0.23;n.s.
N 4.8 (—22.1-31.6) [-36.1-45.7; =15.9 - 25.5] —0.20; n.s. —0.2 (—4.3-3.9) [-8.1-7.7, -3.1 - 2.7] —0.16; n.s.
o] 8.2(-18.9-35.3) [-33.0-49.4; -12.6 -29.0]  -0.23;n.s. -1.2(-4.5-2.1) [-7.6-5.2; -3.6 - 1.2] —-0.48; p<0.05

Note: Bland-Altman plot information for reading speed and accuracy for the 15 passages (A-O): mean difference between test and retest measures and limits of
agreement (LoAs) calculated as mean difference +1.96 x standard deviation (SD) of the difference; confidence intervals (Cl); calculated for LoA*®; correlation coefficient
between the mean of the test-retest measurements and the difference between these two measurements, also with the level of significance. A positive mean difference
in reading speed indicates that the retest was faster than the test, whereas a negative mean difference in reading accuracy indicates the retest was more accurate than
the test. Positive correlation coefficients for reading speed indicate that the quicker the reading speed (mean test-retest) then the quicker the retest compared to the
test. Positive correlation coefficients for accuracy indicate the greater the percentage of errors (mean test-retest), then the greater the percentage of errors at retest

compared to the test.

than the previous Italian version (6 vs. 13). This is partly
due to the intrinsic characteristics of the Italian language
(in which most four-letter high-frequency words are di-
syllabic). Another reason for this difference was the need
to reduce the probability of grammatical, syntactic or se-
mantic connections among words; this made some mono-
syllabic items unsuitable. In a test such as the WRRT, it is
important to consider the visual layout once the simplicity
of the words used has been guaranteed by choosing from
high-frequency words. The main constraints to respect
here were represented by critical parameters such as word
length in terms of the number of characters, the total num-
ber of characters, font type, character size and word and
line spacing. In the present Italian version, these parame-
ters were all matched with the English version. Similarly,
the International Reading Speed Texts (IreST),*" a reading
chart based on text paragraphs comprising equivalent ver-
sions for 17 languages, also shows a match for the number
of characters but not syllables between the English and
Italian versions. To summarise, the most important adher-
ence to the English WRRT implies respect for the visuoper-
ceptual features of the stimuli once the role of language
has been minimised through very easy-to-read words.

It should be noted that reading speed in wpm varies both
within a language (as a function of the study methodology)
and across languages (as a function of both the methodol-
ogy and language features). Several studies have indicated
that the average adult English reading-aloud rate is around

185wpm. For example, a meta-analysis by Brysbaert re-
ported an average reading rate of 183 wpm; Gilchrist and
coworkers® reported 184 wpm in adult readers (mean age
21.8years) with the WRRT. The literature also reveals that
different reading rates characterise different cohorts of
adult readers within the same study (e.g., 159 wpm in the
second group of adult proficient readers in Gilchrist et al.%).
The average reading speed (167.3+ 1.6 wpm) achieved by
our group of young university students (22.9years, SD=1.8,
range 20.1-27.2) for the present ltalian test lies within
the range of the above-mentioned figures for English.
Therefore, reading rate differences between the present
Italian version and WRRT English studies are not surprising
if one also considers the intrinsic features of the different
languages (e.g., English and lItalian are characterised by a
deep and shallow orthography, respectively, and English
syllables generally contain more letters than Italian). Similar
differences in reading speed between Italian and English
can also be found in the above-mentioned IreST*' stan-
dardised reading chart. The paragraphs of this particular
international chart were developed according to linguistic
constraints to make the paragraphs equivalent across lan-
guages. Also, in the case of the IreST, a perfect linguistic
match was not possible for the number of words and sylla-
bles, and word length, but it was matched for the number
of characters per text. Interestingly, also in the IReST, the
reading rate was slower for Italian (188 wpm) than for the
English language (228 wpm). Of course, for both languages,
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reading rates were faster for the IReST than the WRRT be-
cause the former is based on paragraphs with meaning in-
stead of random words.

Since the WRRT involves successive testing with parallel
versions of the test, it is important to investigate the ef-
fect of practice and fatigue on the repeatability of the test.
Although the original version of the WRRT was typically
carried out four times, twice with and twice without an
intervention (or with a control condition), in some studies,
parallel versions of the WRRT have been applied numerous
times to the same observers.>® Therefore, in the present re-
search 15 versions were investigated. This study revealed
a practice effect that became manifest only with the first
passage read, where performance was slower by approxi-
mately 13 wpm on average. In contrast for reading accuracy,
there were no significant differences as a function of the
reading order. Therefore, because of the effects of reading
order on reading speed, in case of repeated testing within
the same session, it is important to allow practice with one
passage before starting the performance measurements.
Interestingly, a few previous studies with the WRRT have
departed from the test instructions by having participants
read part of one passage in a practice session. For example,
Evans and Joseph? used two lines of the fourth passage
for practice before testing started; other practice options
included having participants read the first line from the
fourth passage;**?® reading a passage for 305> or allowing
participants a ‘practice run’.>* Other studies, typically those
with younger children, have required subjects to read the
15 words used out loud, which would have provided some
form of practice.>® The practice effect with the first WRRT
passage detected in the present research was first noted by
Wilkins et al.> and acknowledged by other researchers.'®*
It has been noted that since the first passage is typically
read with the intervention, the practice effect will create a
conservative bias against finding a beneficial effect of the
intervention.>®> Nonetheless, the most recent (2019) version
of the test includes a practice passage and the 2019 test
instructions advises that the patient reads the practice pas-
sage first, before the formal test is commenced (ioosales.
co.uk/). The present research supports this development.

Previous research has evaluated the test-retest repeat-
ability of the WRRT.*®® The present study adds to this body
of work by assessing the ICC and Bland-Altman plots in the
Italian version. Koo and Li*® described ICC estimates of val-
ues <0.50 as poor, between 0.50 and 0.75 as moderate, be-
tween 0.75 and 0.90 as good and >0.90 as excellent. Using
this classification, all the estimates for the usual test metric
(wpm) of the WRRT were good apart from passages A and
J, for which the ICC estimation was graded as moderate
(Table 4). Reading speed was significantly faster on retest
for 6 of the 15 passages (Tables 4 and 5), but the mean dif-
ference only marginally exceeded a clinically significant dif-
ference of 10 wpm for two passages (i.e., B and H). Wilkins
etal.? found a similar effect of practice with a quicker reading
speed on retest of about 3%. Moreover, Bland—Altman plots
did not show any proportional bias for reading speed in all

test-retest comparisons, that is, the differences between test
and retest measures were not affected by the reading speed
(mean test-retest). Similarly, the clinical significance of the
difference in reading accuracy, which resulted in a statisti-
cally significant improvement at the retest in three passages
was negligible (between 1.2% and 1.6% of errors). Overall, the
results indicate that the main indicator of performance for
the RRT, namely reading speed measured as wpm, has good
test-retest reliability along with a very low rate of errors.

To summarise, a novel feature of this study is the large
number (15) of parallel versions of the Italian WRRT that
were developed and evaluated. Some investigations have
used a large number of repetitions of the test,** and the
15 parallel versions may be useful for other researchers. It
is reassuring that the present work revealed no significant
fatigue effects.

CONCLUSION

An ltalian version of the WRRT produced highly repeat-
able results from a large set of passages. The present work
confirmed a previous finding of a slight practice effect be-
tween the first and subsequent readings of the test, and
as advised in the latest version of the test instructions, it is
recommended that a practice attempt be allowed before
the test is used.
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article.

How to cite this article: Zeri F, Tavazzi S, Punzi M,
Miglio F, Evans BJW, De Luca M. New ltalian version
of the Wilkins Rate of Reading Test: Materials for
repeated-measure designs in optometry and
neuropsychological research. Ophthalmic Physiol
Opt. 2023;00:1-11. https://doi.org/10.1111/0p0.13134



https://orcid.org/0000-0003-0529-555X
https://orcid.org/0000-0003-0529-555X
https://orcid.org/0000-0001-5786-2021
https://orcid.org/0000-0001-5786-2021
https://orcid.org/0000-0003-2824-4595
https://orcid.org/0000-0003-2824-4595
https://orcid.org/0000-0003-0084-3772
https://orcid.org/0000-0003-0084-3772
https://doi.org/10.1038/s41598-018-33934-6
https://www.internazionale.it/opinione/tullio-de-mauro/2016/12/23/il-nuovo-vocabolario-di-base-della-lingua-italiana
https://www.internazionale.it/opinione/tullio-de-mauro/2016/12/23/il-nuovo-vocabolario-di-base-della-lingua-italiana
https://www.internazionale.it/opinione/tullio-de-mauro/2016/12/23/il-nuovo-vocabolario-di-base-della-lingua-italiana
https://doi.org/10.1016/j.jml.2019.104047
https://doi.org/10.1111/opo.13134

	New Italian version of the Wilkins Rate of Reading Test: Materials for repeated-­measure designs in optometry and neuropsychological research
	Abstract
	INTRODUCTION
	METHODS
	Development of the Italian WRRT passages
	Pilot study
	Participants
	Procedure
	Visual assessment
	Wilkins Rate of Reading Test

	Data analysis

	RESULTS
	Visual assessment
	Reading speed and accuracy
	Equivalence between the different passages
	Practice and fatigue effects

	Test–­retest reliability

	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


