The Flamingo test: A New Diagnostic Instrument forDyslexia in

Dutch Higher Education Students

Liset Rouwele¥, Nelleke Varkevissér Marc Brysbaelt Ben MaassenWim Top$
aDepartment of Neurolinguistics, University of Grogen, Groningen, The Netherlands;

bDepartment of Experimental Psychology, Ghent Ursingr Ghent, Belgium

* Corresponding Author. Tel.: +31 618 939 616

E-mail address: I.I.m.rouweler@rug.nl



Abstract

In this study, we present a new diagnostic testdfmlexia, called the Flamingo Test, which is adbut
adaptation of the French Alouette Test. The purpdsiee test is to measure students’ word decoskills

and reading fluency by means of a grammaticallyemrbut meaningless text. Two experiments were
conducted to test the predictive validity of tharRingo Test. In the first experiment, we compagestiing
time, error rate and, sensitivity and specificitytee Flamingo Test. In the second experiment, evegared
the reading performance on the Flamingo Test afestts with dyslexia (N = 51) and non-dyslexic matth
control students (N = 51) to the reading perforneamt two Dutch standard word reading tests, thetese
Een Minuut voor Studenten (LEMs; ‘one-minute woedding test for students’), and the Klepel, a one-
minute pseudo-word reading test. Our results st gensitivity and specificity, as well as theitros
predictive value (PPV), of the Flamingo Test aghhivith even slightly higher PPVs for the Flamiriggst
than for the LEMs and Klepel. Together with thet that the Flamingo Test is short and easy to aidtein

we believe that the Flamingo Test is a valuable dagnostic instrument for reading skills.
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Introduction
Good literacy skills are important for academiccass and future vocation. Most adults can read
and write without effort. However, about five tont@ercent of the population fail to attain
automatized reading and writing skills (Boulang#13). The term for these specific reading and
writing difficulties is dyslexia, which is broadtlefined by inaccurate and slow reading, and/or by
poor spelling skills (American Psychiatric Assomat 2013; Stichting Dyslexie Nederland, 2016).
Dyslexia is a lifelong impairment and many sympt@massist into adulthood. The profile of adults
with dyslexia differs somewhat from that of childydor whom poor accuracy, slow reading and
phonological deficits are among the core defididults, however, mainly face problems with the
latter two: slow reading and phonological defigi@allens, Tops & Brysbaert, 2012; Milne,
Nicholson, & Corballis, 2003; Swanson & Hsieh, 2009

Over the last few years, an increasing number dtibstudents with dyslexia entered
higher education. It is difficult to give an exaaimber of the prevalence of dyslexia. Dyslexia
International (2017), for example, suggests thaD3% of the people have dyslexia. Yet, some
research suggests that it could even be as higtoaad 17 % (Sprenger-Charolles & Siegel, 2016).
Students with dyslexia enrolled in higher educatian apply for special facilities and resources.
These students have to submit proof of their le@yiisability, e.g. a former dyslexia certificate,
or the student needs to be tested in case thetriepaot accepted. An assessment of the spelling
and reading skills is needed to obtain accessatodbources and special arrangements. There are
some methods availabie Dutch for screening of dyslexia, such as worddieg tests and
guestionnaires (Tamboer, Vorst & De Jong, 2017;sTdpallens, Lammertyn, Van Hees, &
Brysbaert, 2012). However, there is a lack of \atkd, relatively short reading instruments for
adults with dyslexia. The goal of our study is #fere to present a newly designed diagnostic

reading test: The Flamingo Test.



Screening for Reading Problems at University Level

Identifying and diagnosing students with dyslextauaiversity entrance has been hampered,
because the availability of standardized screetests and questionnaires for adults in Dutch is
more limited compared to the relatively large bgttd tests available for children (Tamboer, Vorst
& De Jong, 2017; Tops et al., 2012). Tamboer g28l17) showed that a self-report questionnaire
had the highest predictive validity in screeningdgslexia, but this lacks the objective comparison
universities typically require. An extensive teattbry also showed a rather high predictive validit
in the study of Tamboer et al. (2017), but it maydquestioned whether this is an efficient use of
resources. Tops et al. (2012) administered an sixieest battery as well and showed that a short
protocol, consisting of a word reading test, a wepdlling test and a phonological awareness test,
is sufficient to distinguish between higher edumastudents with and without dyslexia.

Currently, the most used tests to detect readinglems in Dutch are word reading tests,
because the Stichting Dyslexie Nederland (201Bytah organization that promotes the transition
from scientific knowledge about dyslexia to clidipaactice and education, defines dyslexia as a
persistent reading and/or spelling proble the word level(a similar definition is used
internationally; e.g., Gough, Hoover & Petersorf@)9The standard tests are a word reading test
(Een-Minuut-Test [One-minute Test]; Brus & Voetd®94) and a pseudo-word reading test (De
Klepel; Van den Bos, Lutje Spelberg, Scheepstr&)e&Vries, 1999). Although these tests were
initially developed for children, Tops et al., (Z)Jand Tamboer et al. (2017) showed the validation

of these tests for Dutch/Flemisiioung adults and provided norms. Moreover, Van Bereck

! Dutch is the official language of The NetherlaRmish is the Dutch variant used in the Northealf bf Belgium
(Flanders). Although both languages are very siilere are differences in pronunciation and weseé,
comparable to the differences between AmericarBaitgh English.



and Geudens (2012) reported that tests of wordnaoutperform tests of pseudo-word reading
in Dutch.

Tops, Nouwels and Brysbaert (2019) created a reesion of the Dutch One-Minute-Test
(EMT), specifically designed for adults. Their Lesst Een Minuut voor Studenten (LEMs; ‘One
Minute Reading Test for Students’), was designgd Y@void ceiling effects that often occur with
the original EMT, (2) to include more up-to-daterd® and (3) to be freely available for research
purposes. The LEMs contains 132 words with an asirgy level of difficulty, whereas the EMT
only holds 116 words. The test has been normed0riizst-year students in higher education and
correlates .9 with EMT.

There are two extensive test batteries availablBédch adults with a suspicion of dyslexia
(Depessemier & Andries, 2009; 2017; Van der Legk&rede, Geudens, Schraeyen, Schijf et al.,
2012). Depessemier and Andries (2009) developedGh&SCHR, a test battery to identify
reading and writing problems in Flemish speakinglegtents and young adults (from 16 to 24
years). The GL&SCHR consists of three main testadvgpelling, spelling rules and text reading)
for diagnostic purposes and nine other subtedisstaskills that are often associated with reading
and writing problems, like phonological awarenesisort term memory, rapid naming, and
vocabulary. Even though the GL&SCHR is a validatestrument and the differences between
Flemish and Dutch are expected to be small, novealata are lacking for Dutch adolescents and
young adults in general. A second test, the Inteadyslexia test Amsterdam-Antwerpen
(IDAA; Van der Leijj et al., 2012), was developedassonline screening instrument and normed
for adolescents (16 years and older) and adults fn@ Netherlands and the Flemish-speaking half
of Belgium. It works with flashed presentation, walniresults in a distinct factor when compared

to other tasks given to students with dyslexia l@el, Tops, Stevens, & Brysbaert, 2014).



Text reading as a diagnostic instrument

In other countries, reading aloud short texts $® aised for screening. Compared to word reading
tests, i.e. simply reading out loud a list of uatetl words, text reading provides a more natural
way of reading, because words are almost neverimgsgdlation. For instance, text reading presents
words next to each other in lines of text rathetarneath each other. So, text reading may measure
the same skills as word reading tests but in a materal way. It assesses reading time, accuracy,
and yields information about the type of errorsvdfeais, 1967; 2005). Researchers in English-
speaking countries have not used text reading oiey in dyslexia assessment, because they fear
that the text contents may obscure the measuresh@rdrd decoding skills. Words in context are
indeed read faster than words out of context, eedhe context can be used as a top-down
predictor (Jenkins et al., 2003). This means thagaaler with poor word decoding skills can use
contextual cues as a compensatory mechanism to pnaklems with word reading. This will be
particularly the case for participants familiar wihe topic described in the text.

An interesting solution to the issue of discowsgpport has been presented in the French
Alouette Test (Levafrais, 1967; 2005). The Aloudigst evaluates lexical decoding under normal
reading conditions by using a text that is gramoadly and syntactically correct, yet carries no
meaning, which makes the predictability of contentds very low. As a result, the Alouette Test
does not provide contextual cues that the readeusa to compensate for decoding difficulties
(Torgesen, Rashotte & Alexander, 2001). Interestjrige French Alouette Test is much preferred
to isolated word reading among French-speakingedissbractitioners and researchers (Sprenger-
Charolles, Colé, Béchennec, & Kipffer-Piquard, 20@=rtrand, Fluss, Billard and Ziegler (2010)
called it the gold standard against which othestage to be evaluated.

The Alouette Test was developed for the assessafahtslexia in children, but Cavalli,

Colé, Leloup, Poracchia-George, Sprenger-Chardles El Ahmadi (2018) showed its usefulness



for adult assessment by administering the testlaovge normative sample of French university
students with and without dyslexia. The resultswekw that the test was good at predicting the
diagnosis based on the outcomes of accuracy, spekefficiency, making the Alouette Test a
valid screening tool for adults, possibly supetmisolated word reading, although the authors did

not test the latter possibility.

Present Study
For this study, we designed a Dutch adaptatioh@®ouette Test, called the Flamingo Test. The
Flamingo Test is not a direct translation but azyded version of the Alouette Test, using the same
principles for constructing the test but appliedigch. For instance, the name Alouette [Lark] is
quite difficult to pronounce in Dutch [Leeuwerikhé was replaced by Flamingo.

The purpose of our study was threefold. The ficstlgvas to get standardized scores from
a reasonable sample of Dutch higher education stsideth and without dyslexia. We provide
data from a normative group, unimpaired readerd,savalidation sample, impaired readers. Our
second goal was to examine the test’s predictiVielityaas a diagnostic tool for students with
dyslexia and to examine sensitivity and specifitarythe different outcome measures (i.e. reading
accuracy, reading time and reading efficiency). sSeheesults refer directly to the test’s
discriminatory power. Finally, our third goal is tompare the Flamingo Test to the commonly
used tests in the Netherlands, the LEMs and Kldpetheck whether the Flamingo Test is as
suitable as a diagnostic instrument as those téstshis, we compare the discriminatory power,
correlations, and the sensitivity and specificipores of all three tests. We designed a first
experiment to investigate our first two goals. Amwl experiment was designed to address our

third goal.



Experiment 1

Method

Participants

A sample of 103 students participated in this std@ywith students with dyslexia and 63 without
dyslexia. The students with dyslexia were requiedhave an official dyslexia certificate. The
criterion to validate the dyslexia diagnosis wagbjslinical score (< pc 10) on the word reading
test (LEMs) and the pseudo word reading test (HJeped/or the word spelling test of the
GL&SCHR (Depessemier & Andries, 2009; Stichting [@yse Nederland, 2016). One extra
dyslexic student did not meet this criterion andwacluded from the study.

Students were recruited from bachelor and mastegrams from university and applied
science programs. All participants attended higkgucation in Groningen, a province in the
northern part of the Netherlands. Of the participab3 students were master students, the majority
of the participants were bachelor students. Stisdestre between the ages of 18 and 31 years
(average age for both groups: 21;8). All studemis hormal or corrected-to-normal vision and
were native speakers of Dutch. None of the studemtsrted neurobiological deficiencies except
for dyslexia in the dyslexia group. The study faléxd the ethical protocol of the Faculty of Arts

of the University of Groningen.

The Flamingo Test

The Flamingo Test is the Dutch adaptation of theuatte Test (Levafrais, 1967; 2005) and
evaluates word decoding and reading fluency. Thegef the Flamingo Test is similar to the set-
up of the Alouette Test, but it is not a one-to-tra@slation. The test contains 285 words, which

should be read aloud within a time limit of 180 @eds. The Flamingo test has no meaningful



content, since the text is grammatically correct the combination of content words is
meaningless. Thus, the Flamingo test prevents reddem relying on contextual clues and
knowledge of the world (Rack, Snowling, & Olson929.

An English translation of the first two sentenceads as follows: “Under the moss or on
the roof, in living hedges or in a cleft oak, sgrimakes its nests. Spring with nests in the woods.”

The text is divided in five sections and is accomed by drawings that can provoke
contextual errors (e.g. a drawing of a squiresihoorh close to the wore&enhoorn[unicorn].
The text also includes rare words likeeupelhout]thicket] andcapriolen [caprices] as well as
some confusing words that are orthographically lonmlogically similar (e.g.Yredeleen, mijn
vriendin [Vredeleen, my friend]). Furthermore, it contam$ew words that are (phonologically)
similar to the word suggested by the context (elazen[blushing] instead oblinken [blinking]

afterzon[sun].

Scoring and Analyses

Performance on the test was expressed in threseliff scores: (1) an accuracy score, (2) a reading
time score and (3) a reading efficiency score. @abeuracy score shows the number of words
correctly read by the participant, including wottat were read correctly after a self-correction.
The maximum score is 285. Secondly, the scoredading time indicates the required reading
time in seconds. Since participants only have thmgrites to read the text, the maximum score is
180 seconds. Thirdly, the reading efficiency seé®tae number of words correctly read per minute,
calculated by the following formula: accuracy scoreading time in minutes. Average scores and
standard deviations were calculated for each ofntiaén scores (accuracy, time and reading
efficiency). An additional error analysis was alsanducted, including substantial errors, e.g.

omissions, substitutions, and time-consuming eyegs self-corrections, hesitations, repetitions.



Procedure

All participants with dyslexia were recruited vizetStudent Service Centre by e-mail or through
advertising online and at various departments efUWhiversity of Groningen. Students without

dyslexia were asked directly in various departmanthe University of Groningen. Participants

were tested in a quiet room with one experimerddea

Results
Accuracy, Time and Reading Efficiency

The mean scores of the students with dyslexia antt@ group can be found in Table 1.

[Table 1 near here]

All participants from the control group (NonDysatethe text within the time limit of 180 seconds.
Almost every student of the dyslexia group (Dyskwéso capable of reading the text within the
time limit. Only three participants did not. Thedast difference between the two groups in terms
of effect size was found for reading time (NonDy3H. s, SD = 18.6; Dys = 150 s, SD = 16.8):
t(76.6) = 10.7, p <.00H = 2.23, which we evaluated with a Welch'’s t-t8stcause of the ceiling
effect for accuracy, the difference between the Diengroup (283 words, SD = 2.0) and the Dys
group (274 words, SD = 17.4) was smaller in terfneffiect size, but still significant(39.7) =
3.35, p = .002¢ = .85. Against expectation, the effect size waislaiger for reading efficiency
than for reading time (NonDys = 156 words per men@&D = 24.8; Dys = 112 words per minut,
SD = 18.3)1(96.0) = 10.8, p <.00Md = 2.07. Norm scores for the three dependent asatan

be found in Table 2.
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[Table 2 near here]

Error Analysis and Comparison

The total number of errors made was calculatedmN&ores for errors can be found in Table 2.
Errors were divided in two subcategories: substhetrors and time-consuming. The total number
of errors was the sum of the number of substaeti@rs and time-consuming errors. Only the
substantial errors were of influence on the acgurswore. Time-consuming errors were of
influence on the reading time and efficiency. Treamnumber of errors and SD per group and per

category are shown in Table 3.

[Table 3 near here]

The NonDys group made fewer errors than the Dysgbmoth in total and in the two subcategories.
A significant difference between the two groups Yeamd for total errors€(50.0) = 5.94, p < .001,
d = 1.39. The differences between the groups ingerhtime-consuming error{$3.2) = 4.80, p

<.001,d = 1.05) and substantial errot§4é.9) = 4.38, p < .00Hd = 1.06) were also significant.

Sensitivity and Specificity
Cut-off scores, false positives and negatives eafobnd in Table 4. Cut-off scores were based on
the lowest 10 % scores of this population.

For accuracy, the cut-off score was 280 or loweit @ the group with 63 control students,
five students were false positives, i.e. were marke being dyslexic. In the dyslexia group, 11

students out of 40 were false negatives and thukedas non-dyslexic for the accuracy score.
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The cut-off point for reading time was 132 secondsigher. Within the control group, five
students were false positives based on their rgatilime score. In the group of students with
dyslexia, five students were false negatives. Theff score for reading efficiency was 127 words
per minute or lower. Within the group of controlidénts, six students were marked as being
dyslexic based on their efficiency score. In theugr of students with dyslexia, six students were
marked as non-dyslexic based on their efficienayrescLastly, we checked whether the false
positives and false negatives concern the samerstsidor each category (accuracy, time and
efficiency) or whether they concern different stoidefor each category. For this we combined the
three categories, so criterion 1 (accuracy) + oite2 (reading speed) + criterion 3 (efficiency),
in which we took all three cut-off points, i.e. teeore that represents the"percentile, into
account. A student was only identified as a falssitive or false negative when (1) a dyslexic
student received a score on all three criteria altbg 1@ percentile or (2) a non-dyslexic student
received a score on all three criteria below thé fgércentile. This resulted in three truly false
negatives, i.e. students with dyslexia being mar&econ-dyslexic. No control students were

marked as being dyslexic when combining all thiaees.

[Table 4 near here]

Based on the cut-off scores, sensitivity and sprityif and positive and negative predictor values
(PPV and NPV), were determined for each measuoeracy, reading time and reading efficiency.
These scores can be found in Table 5.

After calculating the PPV and NPV for our sampteup, the PPV and NPV were also
calculated when taking the prevalence of dyslexia account, which we estimated around 10 %

based on the numbers of Dyslexia International (2@hd Sprenger-Charolles and Siegel (2016).
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For accuracy, the PPV was 51 % and the NPV was.Fovreading time the PPV was calculated
at 55 % and the NPV at 99 %. The PPV for readifigieficy was 50 % and the NPV was 98 %.

Lastly, the PPV for the combined score was caledlat 100 % and the NPV at 99 %.

[Table 5 near here]

Comparison with French Data

Although the tests are not entirely identical (édaqnguage and the number of words differ), we
compared our raw scores with those of Cavalli ef24118). Both the data by Cavalli et al. (2018)
and the data we collected are presented in Tabkinge Cavalli et al. (2018) calculated the
efficiency score over 180 seconds instead of 6@rsis; we transformed their scores to the

efficiency score as calculated in our study for pamson.

[Table 6 near here]

The Alouette Test has a total number of 265 wozdmpared to 285 words in the Flamingo test.
Therefore, we calculated percentages in order ngpeoe the accuracy scores. The percentage of
words that were read accurately was identicallierNonDys groups; both groups read 99-100%
of the text correctly. For the Dys groups the aacurscores were almost identical as well, 96.8%
for the Dutch group and 94.7% for the French grdupe effect size for accuracy was larger for
the Dutch Flamingo Test. Reading time is diffidoltcompare, since the numbers of words in the
texts differ, but we found large standardized dff@zes in both languages (d = 2.68 for French
compared to d = 2.14 for Dutch). Finally, we congaathe reading efficiency between the two

tests. For the dyslexia groups the efficiency ssavere very similar, 113 words read correctly
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(French) vs. 112 words read correctly (Dutch) pénute. The efficiency scores between the

NonDys groups did differ, however.

Discussion

The Flamingo Test is able to discriminate betweedents with dyslexia and students without
dyslexia on all three measures, which is also #se dor the Alouette Test (Cavalli et al., 2018;
Lefavrais, 1967; 2005). Furthermore, effect sizescamparable for both languages, with slightly
higher effect sizes for Dutch on accuracy and regéificiency.

For accuracy, the NonDys group attained ceilingllescores, with the Dys group scoring
somewhat below that. This pattern was also foundttie French test (Cavalli et al., 2018).
Therefore, the predictive validity of accuracy aseparate measure is not as high as for reading
time or efficiency. This again shows that accurigayot the most sensitive marker for dyslexia in
adults (Swanson & Hsieh, 2009). Reading time wamee sensitive marker for dyslexia: students
with dyslexia were more impaired on reading spé®ah ton accuracy, which was also shown by
Cavalli et al. (2018) for French and by Swanson ldaeth (2009) in a meta-analysis. Sensitivity
and specificity were the highest for this indiviloseasure.

Similar results were found for the Dutch and Frestidents with dyslexia on reading
accuracy. Interestingly, reading efficiency wasfat#nt in the non-dyslexic groups: French
students read the text more efficiently. At firkdrge this result is surprising because students in
higher education without a reading disability aemerally good readers. A possible explanation
might be that the Dutch adaptation is a bit mofécdit than The Alouette Test. In this context,
analyses of the errors are of interest. Obviouslyignificant difference was found in the amount
of errors: students with dyslexia made more sulbisiaand time-consuming errors than students

without dyslexia, which was also true in Cavalliaét (2018). However, when taking a more in-
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depth look, some words in the Dutch version segpaeticularly challenging for both dyslexic and
non-dyslexic students, such lasbbelt(error) — kabbelt(target).Maybe word frequency plays a

role, askrabbelt[scribbles] is more frequent in Dutch thieabbelt[ripples]. Furthermore, some

names derived from another language, sudhexsot, were challenging for the Dutch participants,
which could have influenced our results as well.

When studying dyslexia, it is helpful to keep thheyalence numbers of dyslexia in mind.
We estimated the prevalence number of dyslexi® & based on international organizations and
previous literature (Dyslexia International, 205frenger-Charolles & Siegel, 2016). Based on
our sensitivity and specificity measures we were &b calculate the PPV and NPV for the 10 %
prevalence criterion. PPV’s for the individual meas, i.e. accuracy, reading time and reading
efficiency, varied between 50 and 55 %. NPV’s hosvevaried between 97 and 99 %. This
indicates that the Flamingo Test is able to cladsgtween the 50 and 55 % of the population with
dyslexia correctly based on the individual measurféss number however increases enormously
when combining all three scores, resulting in a RPIPY00 % and a NPV of 98 %. This indicates
that the Flamingo shows the highest predictivedigliwhen combining the cut-off points of all
three scores, i.e. criterion 1 (accuracy) + cier2 (reading speed) + criterion 3 (efficiency).

At this point we have reason to believe that trefthgo Test can be used as a screening
instrument for dyslexia in Dutch adults. The tastdminates well between students with dyslexia
and students without dyslexia, and sensitivity apdcificity scores are high. Specificity ranged
between 90.5% to 92.1% and sensitivity ranged beEtwé2.5% and 87.5%, with reading time
displaying the highest sensitivity. However, whea wcluded the prevalence of dyslexia, PPV’s
dropped to 50 - 55 % on the individual measurestMie believe that more validation is necessary.
In particular, we felt it necessary to compareRtaningo Test to LEMs and Klepel, tests that are

currently used to diagnose dyslexia. This is dongxperiment 2.
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Experiment 2

Method
Participants
For the second study, 51 students with dyslexiatnthatched controls completed the tests. Of
these students, 21 control students and 39 studéthislyslexia also participated in Experiment
1. The control participants were matched to thdestts with dyslexia on age, gender and field of
study. An official dyslexia certificate sufficed dsgnosis dyslexia. This was validated in the same
way as in Experiment 1. Therefore, one extra stiméh dyslexia and the matched control student
were excluded from the study.

Mean age for the control group was 21;4 and thennage for the dyslexic group was 21;5
years old. All students had normal or correctedktanal vision and were native speakers of Dutch.
None of the students had neurobiological deficiemevhich could possibly influence the results.

The study followed the ethical protocol of the Hacof Arts of the University of Groningen.

The Flamingo Test
The design of the Flamingo test is explained imtie¢hod section of the first study (see Experiment

1 for more details).

LEMs

The Leestest Een Minuut voor Studenten (LEMs; Tetpal., 2018; ‘One Minute Word reading
Test for Students) is a Dutch word reading taskcifipally designed for students in higher
education and is based on the original EMT. Padiais were instructed to read as many words as

accurately and quickly as possible within one menut
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The Klepel

The Klepel (Van den Bos et al., 1994) is a Dutchup®-word reading test consisting of 116
pseudo-words (non-existing words that correspond the Dutch grapheme-phoneme
correspondence rules). To avoid ceiling effects tést was administered in one minute instead of
two minutes. Participants were instructed to resdnany pseudo-words as accurately and as

quickly as possible within one minute.

Scoring
Scoring for the Flamingo Test can be found in thkehod section of Study 1. For LEMs (Tops et
al., 2018) and Klepel (Van den Bos et al., 19949, tumber of words read, the number of errors,

and the number of words that were read correcthgweored.

Procedure

All participants were recruited via the StudentVv@&sr Centre by e-mail or through advertising
online and at various departments of the Univemsitgroningen. This study was part of a larger
test protocol and all participants were informedulihis protocol before testing. All tests in this

2,5 hour protocol were assessed in a quiet rootm avie experimental leader.

Results

LEMs, Klepel and Flamingo test

Scores for the LEMs, Klepel and Flamingo Test carfdand in Table 7. Scores for the LEMs are
divided in a raw score (number of words read inmmnaite) and a reading efficiency score (number

of words read correctly in one minute). There wasgaificant difference between the groups on
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the raw scoret(100) = 14.8p < .001,d = 3.0, as well as on the reading efficiency sct{i€0.0)
=15.2, p <.001¢ = 3.01.

For the Klepel, similar to the LEMs, the scores direded in a raw score and a reading
efficiency score. For the Klepel we also foundgmgicant difference on both the raw scai@Q0)
=14.1,p<.001,d = 2.7) and the reading efficiency scai@Q0.0) = 15.4, p <.00H = 2.9).

For the Flamingo Test there were significant déferes between the Dys and NonDys groups in
terms of accuracyt(L00.0) = 3.54, p < .00 = .7, reading timet(100.0) = 12.5, p <.004 =

2.5), and reading efficiency (t(t(100.0) = 12.G; @001,d = 2.4).

[Table 7 near here]

Correlations LEMs, the Klepel and the Flamingo Test

Correlations were calculated between the readifigexicy scores of each task. Figure 1 presents
scatterplots of the scores of each pair of taske. fEsults indicated significant and comparable
correlations between the Flamingo Test and the LEMs.82,p < .01), the Flamingo Test and the

Klepel = .85,p <.01) and between the LEMs and the Klepet (89,p < .01).

[Figure 1 near here]

Sensitivity and Specificity

Cut-off scores and, false positives and negatiesed on the efficiency scores can be found in
Table 8. Cut-off scores of the Flamingo Test weaselnl on the lowest 10% scores of our
population. For the Flamingo Test, the cut-off scamas 127 or lower. Out of the group with 51

control students, 1 student was marked as beingxdgsn this criterion. In the dyslexia group, 7

18



students out of 51 were false negatives and theyefarked as non-dyslexic. The cut-off point for
the LEMs was <89 (based on Tops et al., 2019). iwitie control group, two students were false
positives based on their score. In the group adestts with dyslexia, seven students were false
negatives. The cut-off score for the Klepel waf)<liased on Tops et al., 2012). Within the group
of control students, four students were markedeaisgodyslexic based on their efficiency score. In

the group of students with dyslexia, four studevese marked as non-dyslexic.

[Table 8 near here]

Sensitivity and specificity, and PPV and NPV weetetimined for the reading efficiency score of

each test. These scores can be found in Table 9.

[Table 9 near here]

After calculating the PPV and NPV for our sampleugr, the PPV and NPV were also calculated
when including the estimated prevalence numbedystexia (10 %). For the Flamingo Test, the
PPV was 82 % and the NPV was 98 %. For the LEMsPRV was calculated at 71 % and the

NPV on 98 %. The PPV for the Klepel was 56 % amdNPV was 99 %.

Discussion

The second study compared the Flamingo Test withdiagnostic tests for adults: the LEMs for
word reading, and the Klepel for pseudo-word regd@ur results showed that the LEMs, the
Klepel and the Flamingo Test were all able to dgiish between students with dyslexia and

students without dyslexia on all different measwréh large effect sizes. The reading efficiency
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measure, which is the combined time-accuracy soattests, was used to compare the Flamingo
Test to the LEMs and the Klepel. Correlational gse$ revealed highly significant, positive
correlations between all three tests. Moreoversisigity, specificity, and PPV for the reading
efficiency measure were high for all three tests.

In terms of standardized effect size, the diffeeebetween the dyslexic and the control
group was largest for LEMs, closely followed by tKkepel, and then the Flamingo Test. In
contrast, PPV was the highest for the Flamingo,Tasb when considering the 10 % prevalence
number of dyslexia, being 82.1 % compared to 70@ %he LEMS and 56,2 % of the Klepel.

The LEMs and the Klepel test are already widelydwssediagnostic instruments for dyslexia
in the Netherlands. In combination with the facittthey are easy and quick to administer, this
makes them appealing tests to use. The Flamingbi§es simple and quick to administer, and
appears to be equally valid to the LEMs and thep#&lelnterestingly, the correlation between the
Flamingo Test and the other two tests is slighilydr than the inter-correlation of LEMs and the
Klepel, suggesting that the Flamingo Test may ppitay into a process not assessed by the other
two tests, arguably due to the fact that the wardgpresented in lines of text and form syntadtical
coherent sentences. As a result, the main mesdage @ndings is that the Flamingo is a nice
addition to the two existing tests, rather thaagacement of one of them. Indeed, when the results

of the three tests are combined, we might findmatiassessment.

General Discussion

Dyslexia is the most prevalent learning disabidithd there is need for more practical assessment
instruments specifically designed for adults. Irat reason, we present the Flamingo Test, inspired
by the French Alouette Test, which is considerezlgbld standard in French-language research

(Bertrand et al., 2010; Cavalli et al., 2018; Sges-Charolles et al., 2005).
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Our study supports the expectation that the Flamihgst can be useful for both research
purposes and clinical practice. At a coarse leveheasures the same skills as word list reading
and pseudo-word list reading, resulting in highrelations with these tests (as shown in Figure 1).
This is in line with the claim that tests like thlamingo Test and the Alouette Test measure word
decoding skills and not higher-level text compredi@n. The interesting addition of the new test
form is that words are presented in coherent lofetext like in normal reading. This allows
researchers to examine the extent to which readiiffigulties are due to factors such as visual
discomfort or to eye movement problems, as invatg) for instance by Wilkins (2002), Jones,
Obregon, Kelly, and Branigan (2008), Zorzi et 2012), and Pan, Yan, Laubrock, Shu, and Klieg|
(2014). The similarity in results for Dutch and el suggests that the test can easily be adapted
for other languages.

As for clinical practice, the test can be used slsaat, hands-on screening test for dyslexia
in adults, as indicated by the high predictivedi&i of the Flamingo Test in Experiments 1 and 2.
As a single component, reading time was the ststnigearker of dyslexia, followed by reading
efficiency. This supports the finding of Swansord afisieh (2009), Callens et al. (2012), and
Cavalli et al. (2018) that a speed deficit, rattlean accuracy, is the core impairment in adult
dyslexia. The difference between dyslexics androtstin terms of standardized effect size is
larger for reading time (number of seconds needewdd the text) than for reading efficiency
(number of words read per minute). This was trueun studies and in Cavalli et al. (2018).
Apparently, the use of a variable denominator ohikces noise in the measure (see Bruyer &
Brysbaert, 2011, for a related observation). Adsetpproach may be to ask all participants to read
the full text and simply measure the total readimge (with no maximum of 3 minutes).
Alternatively, our data show that a joint combipatiof accuracy, reading time, and reading

efficiency with their own criteria result in thedieassessment.
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Comparisons between the Flamingo Test, the LEMsstha Klepel indicate that all three
tests largely measure the same construct (visuadl \decoding) and can be used together to
improve assessment. Given that each variable iegaddome measurement error (reliability of the
tests is about .9) and unigue processes, combihexmeasures increases accuracy, and deviations
between tests can point to specific issues (ergcegsing words in lines of text rather than in
columns). Combining the measures is feasible gikkaheach test only takes a few minutes.

The Flamingo Test has some advantages compardeMs Bnd Klepel. First, it measures
reading in a more natural way than word list regdieading aloud a list of words may not feel
natural to students. Second, the Flamingo Testawmfunction words and syntactic information,
making it possible to see how well participants camke use of this information. Indeed, the
paradigm introduced by the Alouette Test exploitslever way of diminishing top-down text
information, while keeping much of the bottom-upgesses intact. Finally, more extensive error
analysis can be done with the Flamingo Test thah word list reading. The test is somewhat
longer and more words can be read in one minuteh @nalysis can provide insights into the
difficulties of dyslexic readers.

As a suggestion for future research we would renend comparing the Flamingo Test to
tests measuring meaningful text reading. For itgamrysbaert (2019) reported an average
reading aloud rate in healthy readers of 183 wpetsminute, which is close to the reading rate
reported for the Alouette Test (Cavalli et al., 204ee Table 6), but one standard deviation above
the reading rate we observed with the Flamingo(Tesdhle 6). A possible factor may be the length
of the words in the text. More in general, by conmpadifferent types of reading materials, we
can assess the contribution of various processesatting speed and how these are affected in

specific groups and/or in specific individuals.
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A limitation of our study is that we could not ¢om for the potential influence of
pronunciation difficulties. We have no reasonsebdve that pronunciation was a problem for our
students, but at some point it may be interestraiddress this possibility. Alternatively, it mag b
that there is less difference between reading admadsilent reading in students with dyslexia than
in control students, so that a reading aloud tederestimates the difficulties students with dyslex
are confronted with, as argued by Gagliano, Ciufigrassia, Ghidoni, Angelini, Benedetto, and
Stella (2015). Notice that differences in pronutiora rate may also account for some of the
differences between students with and without dyalen word list reading and pseudo-word list
reading. A second possible limitation is that wendd know what effect the pictures have on
performance. Remember that the test contains noberes, some of which are related to words in
the text, and some of which are confusing givenwieds in the text. This is a feature of the
Alouette Test we kept to maximise the similaritywthe test. However, to our knowledge nobody
has yet systematically investigated the impactheké pictures, by comparing performance in

conditions with and without them.
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Figure 1. Correlations (and regression line with 95% confeinterval) across groups — between the readificjefcy scores
of the Flamingo test and the LEMs and Klepel
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Table 1. Accuracy, Time and Reading Efficiency sces on the Flamingo test

Dys NonDys
M SD M SD t p d
Accuracy | 274 171 283 2.0 158.5 <0.001* | 0.94
Time | 150 16.8 111 18.6 54.3 <0.001* | 2.14
Efficiency | 112 18.3 156 24.8 31.3 <0.001* | 1.96

Note Accuracy = number of words correctly read [m=a285]; Time = reading time in seconds; Readingieficy = number of

words correctly read in one minutgg £ .001; Dys = dyslexia group; NonDys = control gsppd= Cohen’s d.

Table 2. Norm scores per measure based on the Nonbgroup

Percentiles Accuracy Time Efficiency Total errors | 8bs. errors Time-c. errors
1 <278 > 166 <103 >16 >9 >10
5 278 139 122 15 7 9
10 280 132 127 11 6 7
15 281 126 135 10 5 6
20 282 124 137 8 4 6
25 282 123 139 8 4 5
30 282 120 141 8 3 5
35 283 118 144 6 2 4
40 283 115 145 6 2 3
45 284 111 151 5 2 3
50 284 110 155 4 1 3
55 284 108 158 4 1 3
60 284 105 162 4 1 2
65 284 104 163 3 1 1
70 284 103 164 3 1 1
75 284 100 170 2 1 1
80 285 98 172 2 0 1
85 285 92 181 2 0 1
90 285 91 188 2 0 0
95 285 89 191 1 0 0
99 > 285 <71 237 <1 0 0

Note Accuracy = number of words correctly read [m=a285]; Time = reading time in seconds; Readingigfficy = number of
words correctly read in one minute; Substantiadrsr= number of errors; Time-consuming errors = benof time errors; Total

errors = substantial errors + time-consuming errors
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Table 3. Error analysis of the Flamingo test

Dys NonDys
M | SD M  SD
Substantial errors | 7.2 (52%) 6.8 2.3 (41%) 2.3
Time-consuming errors | 6.5 (48%) 3.7 3.3 (59%) 2.6
Total errors | 13.7 8.1 5.6 3.8

Note Substantial errors = number of errors; Time-comsg errors = number of time errors; Total errersubstantial errors +

time-consuming errors; Dys = dyslexia grotipnDys = control groupptal amount of errors is 100 %

Table 4. False positives and false negatives

Correctly identified Correctly identified o )
Cut-off False positives | False negatives
(Dys = 40) (NonDys = 63)
Accuracy <280 29 58 5 11
Time > 132 34 58 5 6
Efficiency <127 34 57 6 6
Combined score 37 63 0 3

Note.Accuracy = number of words correctly read; Timeading time in seconds; Reading efficiency = nunatb@rords correctly
read in one minute; Correctly identified = corrgdtientified per category and group; false posgiwecontrol students being

marked as dyslexic; false negatives = dyslexicesttglbeing marked as non-dyslexic; Combined sca@mwbining the three cut-

off points: accuracy, time and efficiency

Table 5. Sensitivity and specificity scores of thElamingo test

o 95% Confidence o 95% Confidence
Sensitivity | o Specificity | o PPV NPV
interval sensitivity interval specificity
Accuracy 72.5 56.1 -85.4 92.1 824-974 85.3 84.1
Time 87.5 73.2-95.8 92.1 82.4-97.4 87.2 90.6
Efficiency 85 70.2-94.3 90.5 80.4-96.4 87.2 90.5
Combined score 92.5 79.6 —98.4 100 94.3 -100 100 95.5

Note Sensitivity = probability that a test resulpissitive when the diagnosis is present; specifisigrobability that a test result
is negative when the diagnosis is not present; feayu= number of words correctly read; Time = ragdiime in seconds;
Efficiency = number of words correctly read in anmute; Combined score = combining the three ctipoints to check whether
the diagnosis was still present; Positive predicmiue (PPV) = probability that dyslexia is presaiiten the test is positive;

Negative predictor value (NPV) = probability thgstexia is not present when the test is negativel03 per category
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Table 6. Accuracy, Time and Reading Efficiency oftte Alouette test and Flamingo test

Alouette Flamingo
Dys (N=83)| NonDys (N=164 Dys (N=40) NonDys (N = 63)
M SD M SD d M SD M SD d
Accuracy 251 13.4 262 2.2 0.12 274 17.1 283 2.0 0.94
Time 138 24.1 87 11.9 2.68 150 16.8 111 18.6 2.14
Efficiency 113 54.7 184 81.1 1.03 112 18.3 156 24.8 1.96

Note Alouette accuracy and time data taken from Cagahl. (2017); Accuracy = number of words coriyeotad [max. score

Alouette = 265, max. score Flamingo test = 285ind = reading time in seconds; Reading efficieneyimber of words

correctly read in one minute

Table 7. LEMs, Klepel and Flamingo scores

Dys N =051) NonDys (N = 51)
Flamingo
M SD M SD t p d
Accuracy| 275.1 14.7 282.4 2.1 187.3 < 0.001* 0.7
Time| 147.7 17.5 108.5 141 66.8 < 0.001* 25
Efficiency| 113.6 16.8 158.9 21.8 43.4 < 0.001* 2.3
LEMs
Raw score|  74.2 10.8 104.4 10.0 51.4 < 0.001* 3.0
Reading efficiency 72.4 10.6 103.5 10.0 50.7 < 0.001* 3.0
Klepel
Raw score|  44.6 7.3 67.6 9.6 37.9 < 0.001* 2.7
Reading efficiency  39.8 7.2 64.8 10.0 33.2 < 0.001* 2.9

Note Raw score = number of words read in one minReading efficiency = number of words read correailyne minute;
Accuracy = number of words read; Time = total regdime in secondsp’< .001; Dys = dyslexia group; NonDys = control grpu

d=Cohen’s d.
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Table 8. False positives and false negatives

Correctly identified

Correctly identified

Cut-off False positives | False negatives
Dys NonDys
Flamingo | <127 44 50 1 7
LEMs <89 44 49 2 7
Klepel <50 47 47 4 4

Note.Correctly identified = correctly identified per egory and group; false positives = control studbeteg marked as dyslexic;

false negatives = dyslexic students being marketbasdyslexic;

Table 9. Sensitivity and specificity scores for regding efficiency

. o 95% Confidence 95% Confidence
Sensitivity | Specificity | o ) o PPV NPV
interval sensitivity interval specificity
Flamingo 82.7 98 69.7-91.8 89.4 -99.7 97.7 87.%
LEMs 86.5 96 74.2-94.4 86.3-99.5 95.7 87.%
Klepel 92.3 92 81.5-97.9 80.8-97.8 92.3 92.2

Note Sensitivity = probability that a test resulpissitive when the diagnosis is present; specifisifyrobability that a test result

is negative when the diagnosis is not presenttiRegiredictor value (PPV) = probability that dyskeis present when the test is

positive; Negative predictor value (NPV) = probébithat dyslexia is not present when the tesegative
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Appendix A — Flamingo test

De lente met nesten in het hout.

De flamingo

Onder het mos of op het dak,

in levende hagen of in een gespleten eik,

maakt de lente haar nesten. f// S
A
N’

S

>4

Vredeleen, mijn vriendin, eindelijk is het zachte weer daar.

Vriendin Vredeleen, in het mooie bos speels een vink.

In het struikgewas, in het lieflijke leger van een hinde, in het zingende woud.
Vredeleen! Vredeleen! Met je mooie vingers, een wilde roos, verliest bloed:
na verloop van tijd wordt feesten verveling.

En, als de avond valt, wanneer het paarse van de zonsondergang spee
“— dan doet de lucht haar wateren blozen.

De flamingo is aan het spelen; flamingo maakt een knoop met een beetje stro.
De zwaluw tjilpt onder een luifel van kreupelhout, helder en guitig, die Vlaamse
gaai,

op de ruwe schors van de zilverberk, paradeert de stengel van een uitloper. P
In de boomgaard, in het ochtendgloren, druppelt een ontdooide pomp. ¥
Men ziet een glimmende bek die hartstochtelijk trilt van de heldere tone
en, in een gouden wijnstok, gedragen door de oude poort, ﬁl
verrassen we het strijdgewoel van mussen. ¢
Rond de moestuin spannen zich snoeren; de taxus staat triest aan de horizon™

en zwaar en langzaam boven het zwerk vliegen kraaien.

Een meer kabbelt aan serene kusten en, wanneer de avond valt,
spiegelt het water zich aan het gif van perfide capriolen.

— In de weerspiegeling van het water danst de schaduw van een eenho
Overal klinken schreeuwen! Overal weergalmen geluiden!

Een ligplaats wordt aangemeerd... een boot komt aan... zeilers

gooien hun ankers op de oever...

Overal klinken schreeuwen! Overal weergalmen geluiden!

In het maanlicht mijn vriend Pierrot...

In het maanlicht mijn vriendin Vredeleen...

In het maanlicht mijn vriend Pierrot, leen me een pen om poézie te schrijven.




